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ABSTRACT: Ecosystem services (ES) concept has been popular among researchers in the last several
years. In this paper, we assessed the development and trends in Polish ES research in the period 2010-
2016 using the content analysis of 84 scientific papers — the outcome of ECOSERV Symposia. We ana-
lysed such attributes as the type, dimension and scale of the study, ecosystems and ES investigated,
the system used to name or classify ES, data used, as well as the considered policy and business
questions. In addition, we compared the Polish studies with the European research in the database
developed in the ESMERALDA project. The conducted study provides insight into the major achieve-
ments as well as challenges that the Polish ES research community will have to face. The findings may
serve a discussion on how future directions of the research can be shaped in order to mainstream ES
into environmental management.
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Introduction

Twenty years ago, the ground-breaking publications of Costanza et al.
(1997) and Daily (1997) kicked off an explosion of research, policy, and
applications of the ecosystem services (ES) concept. A group of Polish schol-
ars undertook research on the mapping and assessment of ecosystems and
their services quite early (e.g. Ryszkowski, 1995; Zylicz, 2000; Mizgajski,
2004; Zalewski, 2004). The uptake of the ES approach by the community of
Polish researches have accelerated since 2010, which was reflected in the
organisation of conferences concerning this subject, launching of diverse
research projects, as well as in the growth of the number of publications
(Stepniewska et al., 2018).

In this paper, we conducted a literature review to examine the develop-
ment and trends in ES research in Poland. The analysis covered scientific
papers being the outcome of Symposia ECOSERV — “Ecosystem services in
transdisciplinary approach”. ECOSERV Symposia have been taking place
every two years in Poznan since 2010, playing an important role in the dis-
semination of the ES approach in Poland as well as for levering the research
quality (Mizgajski et al., 2014; Solon et al., 2017). These meetings allow to
present new research on ES, including, among others, case studies, methods,
tools, models and implementation. About 100 participants - scientists,
as well as representatives of environmental protection authorities and non-
governmental organisations - take part in the meetings each time.

Research methods

To understand the nature of the Polish ES research, we used the content
analysis method, which is popular for the analysis of trends in ES-related
documents (e.g. Piwowarczyk et al., 2013; Kabisch, 2015; Maczka et al., 2016;
Jiang, 2017). We analysed 84 scientific papers - outcomes of Symposia
ECOSERV 2010, 2012, 2014 and 2016; papers published by authors affiliated
in Poland were taken into consideration, with the omission of single papers
written by foreign participants (ECOSERV Symposia gained international for-
mat in 2018). The investigated conference papers were published in the
issues no. 37, 42, 51, 59 and 60 of the “Ekonomia i Srodowisko” (“Economics
and Environment”) Journal.

The content analysis was conducted with the use of criteria developed in
the multilateral project ESMERALDA - Enhancing ecoSysteM sERvices mAp-
ping for poLicy and Decision mAking within the Horizon 2020 Programme
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(Burkhard et al., 2018). The scope of the criteria is a result of a long consulta-
tion process within the ESMERALDA consortium. Hence, we analysed such
attributes as the type, dimension and scale of the study, ecosystems and ES
investigated, the system used to name or classify ES, data used, as well as the
considered policy and business questions (figure 1). It should be noted that
the analysis did not cover all the important ES aspects, e.g. ecosystem condi-
tions, ES accounting, monitoring aspects and supply-demand issues. How-
ever, the use of the adopted criteria made it possible to compare the structure
of the Polish research with the collection of European studies on the mapping
and assessment of ecosystems and their services, recorded in the database
developed in the ESMERALDA project (Santos-Martin et al.,, 2018); the data-
base from April 2018 that we used contained 855 entries from 28 countries.

TYPE OF STUDY - mapping, assessment, mapping and assessment, conceptual, other/none

DIMENSION OF STUDY- biophysical, economic, socio-cultural, interdisciplinary (at least two
dimensions)

SCALE OF STUDY - multinational, national, regional, local, other, unclear

|

ECOSYSTEM TYPE - urban, cropland, grassland, woodland and forest, heathland and shrub,
sparsely vegetated land, wetlands, rivers and lakes, marine inlets and transitional waters,
coastal, other

SYSTEM USED TO NAME OR CLASSIFY ECOSYSTEM SERVICES - The Millenium Ecosystem
Assessment (MEA), The Economics of Ecosystems and Biodiversity (TEEB), The Common
International Classification of Ecosystem Services (CICES), other, none

REVIEW CRITERIA
I

CATEGORIES OF ECOSYSTEM SERVICES - according to The Common International
Classification of Ecosystem Services (CICES)

DATA USED - GIS data, remote sensing data, statistical data, expert opinion, field data,
literature, other

POLICY AND BUSINESS QUESTIONS - questions relevant to the policy and business domain

Figure 1. An overview of the criteria used in analysing the research on ecosystem services

Source: author's own work based on Santos-Martin et al., 2018.

We are aware of the fact that the source material insufficiently shows the
existing collection of studies on the topic of ES. The ECOSERV proceedings
constitute % of ES-related documents indexed by Google Scholar and pub-
lished by the authors affiliated in Poland in the years 2010-2016 (Step-
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niewska et al., 2018). Whereas, the ESMERALDA database contains studies
arbitrary selected by ESMERALDA project partners, according to their recog-
nition of the state of ES research in individual countries. Therefore, the
results should be interpreted with some caution. Nonetheless, in the authors’
opinion, the conducted research provides a valuable insight into the major
achievements as well as current challenges that the ES research community
will have to face. The findings may serve a discussion on how future direc-
tions of the research can be shaped in order to mainstream ES into policy and
decision-making.

Results of the research

Type of study

The distributions of papers due to the type of study in ESMERALDA and
ECOSERV samples were varied (figure 2A). Very characteristic for ECOSERV
sample were: a high share of assessment studies (45%), the absence of
papers related to mapping only and the presence of theoretical and general
works, which we considered as conceptual studies. However, the share of the
latter was decreasing in time from 44% in 2010 to 19% in 2016 in favour of
case studies related to the mapping and assessment of ecosystems and their
services.

Whereas, in the case of the ESMERALDA database, mapping and assess-
ment studies were the most common (56% of total entries). They were fol-
lowed by studies related to assessments only (33%). The shares of mapping
works only as well as other types of studies were quite low.

Dimension of study

Regarding this criterion, the structures of the given samples were quite
similar. Most papers had an interdisciplinary character; the second most
numerous group included studies on biophysical dimension. The papers
focused only on economic or socio-cultural aspects were identified less
frequently (figure 2B).

Taking the ECOSERV proceedings into consideration, a significant
increase in the share of biophysical studies can be observed in the years
2010-2016 (from 10 to 36%). We noticed also the decrease of the share of
economic works (by 10 percentage points). With reference to interdiscipli-
nary studies, the share of three-dimensional studies was decreasing in favour
of biophysical-economic and biophysical-socio-cultural ones. This should be
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ECOSERV PROCEEDINGS ESMERALDA DATABASE
0% (a) 3% [d.) 8% (a)
A n=84 n=856
39% (d)
| Mapping (a) [ Assessment (h) | Mapping (a) O Assessment (b)
B Mapping and Assessment (c] ™ Conceptual (d) ® Mapping and Assessment (c] ®Other/none [d)
B n=84 n=854
Jﬁn.fn, [a)
B Biophysical (a) @ Economic (b)
1% (c) B Socio-cultural (c) m Interdisciplinary (d) 5% ()
4% (a) . 9% (b) 4% (e) 0% (f)
C ' n=102 a n=950
0% (e)

44% (c)

®Multinational (a) @ National (b)  ®Regional (¢)  ®Local (d) COther(e)  @Unclear (f)

Figure 2. The analysed studies by type of study (A), dimension (B) and scale (C)
Source: author's own work.

combined with a decreasing number of conceptual studies, which had mostly
a three-dimensional character.

Scale of study

Another criterion implemented in our analysis was the scale of study.
Regarding this, the distributions of works in both samples were varied (fig-
ure 2C). Compared to the ESMERALDA database, in the ECOSERV sample we
identified a much higher share of local scale studies (by 18 percentage
points); we also noticed lower shares of the regional and multinational stud-
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ies (by 25 and 11 percentage points). Characteristic for ECOSERV papers was
also a relatively high share of studies carried out at an unclear level of scale
(27%). However, it must be emphasised that most of them had a conceptual
character.

Ecosystem type considered

We review the studies taking into account the main ecosystem types,
which are considered by them. In the case of the ECOSERV sample, the “other”
ecosystem types were mainly represented in papers (40% of studies).
We included in this group the research in which ecosystem types were not
pointed out directly by authors. In this kind of studies, ES was considered
mostly in relation to the nature protection areas or geographic regions with-
out reference to the particular ecosystem types (e.g. ES provided by a given
national park).

The urban ecosystems (26% of studies), rivers and lakes (25%), wood-
lands and forests (23%), grasslands (20%), and croplands (19%) were taken
into account in the other ECOSERV papers. Remaining ecosystem types were
investigated by authors very rarely (sparsely vegetated land, heathland and
shrub, coastal ecosystems, wetlands) or not present in analysed set of studies
at all (marine inlets and transitional waters). These ecosystem types have
a low share in the total structure of ecosystems in Poland (Mizgajski, Step-
niewska, 2012), which can be the reason for a smaller interest of Polish
researchers. Nevertheless, a lack of or a small number of studies on the
above-mentioned ecosystem types can be considered as gaps in the research
on ES in Poland.

In the ESMERALDA sample, all considered ecosystem types were present
in at least fifty studies. Urban ecosystems, woodland and forests, croplands
and grasslands were studied most frequently. The research on coastal eco-
systems and water bodies - rivers and lakes, marine inlets and transitional
waters - were among the least popular.

System used to name or classify ecosystem services

Regarding this criterion, both samples were quite similar in terms of
using the Millennium Ecosystem Assessment classification (MEA) and Com-
mon International Classification of Ecosystem Services (CICES) (figure 3A).
The biggest difference referred to the use of the Economics of Ecosystems
and Biodiversity (TEEB) classification; it was used in 10% of studies regis-
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ECOSERV PROCEEDINGS ESMERALDA DATABASE
A
Idl II F
ey
(d) J
B MEA (a) BTEEB (b) = CICES (c) W Other (d) CNone (e)
@ n=175
B Provisioning (a) @ Regulation & Maintenance (b) B Cultural (c)
8% (g) 1% (b) 5% (g)
C n=167

@!h

13% e 5% (b)
% (c)

© 50 a)
W GIS data (a) Remote sensing data (b) ™ Statistical data [c) W Expert opinion [d)
OField Data (e) o Literature (f) m Other (g)
n=98 hmam
3% (b)
16%
(b)
B Yes, policy question (a) @ Yes, business question (b) mNo (c)

Figure 3. The analysed studies by system used to name or classify services (A), services investigated (B),
data used (C) and considered policy and business questions (D)

Source: author's own work.
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tered in the ESMERALDA database, but not even in one paper from the ECOS-
ERV sample. In addition, a lot of Polish researchers were not using a concrete
system to name and classify ES. In the case of these studies, the authors often
used their own terms to define benefits from ecosystems or used very gen-
eral terms, e.g. leisure and recreational opportunities.

[tis important to note the changes in the popularity of particular systems
in the subsequent years. In 2010, Polish researchers did not apply any classi-
fication (48% of ECOSERV papers) or applied MEA (26%) or other systems
(26%). Whereas, the works from 2016 often referred to the CICES classifica-
tion (36% of papers); the share of the papers, in which no system for naming
or classifying ES was used has decreased (by 7 percentage points).

Ecosystem services categories

In this case, we categorised the benefits from ecosystems considered by
the authors according to Common International Classification of Ecosystem
Services (CICES). Although CICES version 5.1 was published in January 2018,
we used version 4.3 from January 2013, which allowed us to compare the
Polish studies with the European research from the ESMERALDA database.
CICES has a hierarchical structure with five levels of generality (section -
division - group- class - class type). We considered the level of section (i.e.
provisioning, cultural, and regulation & maintenance ES) and class (forty
eight). Because in the ECOSERV sample only 20% of works used the CICES
classification, for remaining papers, we re-named the ecosystem benefits
considered by authors according to CICES terminology (to ES section or ES
classes, depending on the level of detail of an article).

It can be observed that in ECOSERV sample, the cultural (40%) and pro-
visioning (37%) ES were investigated more often than regulation & mainte-
nance ones (23%). This is in opposition to the ESMERALDA sample, where
the regulation & maintenance ES were most frequently analysed (42%)
(figure 3B).

In the case of provisioning ES, distribution between ES classes was rela-
tively similar in both ECOSERV and ESMERALDA samples. The services
related to crops and fibers were studied most frequently, followed by reared
and wild animals with their outputs. In both samples, animal-based energy
and resources, as well as plants, algae and animals from in-situ aquaculture
were not examined often.

Taking regulation & maintenance ES into account, the ECOSERV papers
were focused mainly on global climate regulation, hydrological cycle and
water flow, and flood protection. The number of studies related to other
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regulation & maintenance ES was very limited. In addition, we have not found
any work related to bio-remediation, filtration by micro-organisms, storm
protection, pest control, disease control, weathering processes, and the
chemical condition of salt waters. In turn, studies registered in the ESMER-
ALDA database usually investigated services related to filtration by ecosys-
tems, global climate regulation, mass stabilisation and control of erosion,
maintaining nursery populations, as well as hydrological cycle and water
flow. Every other regulation & maintenance service was included in at least
several dozen studies.

Regarding cultural ES, the ECOSERV papers were centered around the
physical use of land-/seascapes and experiential use of plants, animals, and
land-/seascapes (commonly called recreational services). The number of
works related to other cultural ES was low. Entertainment and symbolic ser-
vices were not included in any study in this sample. In contrast, papers from
the ESMERALDA database covered all classes of cultural ES. However, atten-
tion was paid mainly to the physical use of land-/seascapes, aesthetic ser-
vices, existence services, experiential use of plants, animals and land-/sea-
scapes, heritage and educational services.

Data used

The distributions of data types used were different in both samples.
In ECOSERV papers, the most important sources of data were literature (35%),
statistics (22%), field data (16%), and GIS data (13%). For comparison, in the
ESMERALDA sample, the most frequently used were GIS data (24%), statis-
tics (23%), literature (17%), field data (13%) and expert opinions (13%). We
also noticed the difference in the use of remote sensing data, which were
more common in studies registered in the ESMERALDA database (figure 3C).

The changes in the sources of data used by Polish researchers in the years
2010-2016 should be highlighted. The first ECOSERV papers (from 2010)
were based mostly on the literature and statistical data. In the next few years,
the share of these sources of data was gradually decreasing in favour of field
data, GIS datasets, and high-resolution remote sensing data. This process is
characteristic not only of Polish research - the dynamic uptake of advanced
technologies like GIS, as well as more accurate data acquisition methods and
tools, stimulate the worldwide development of innovative research, includ-
ing the ES field (Palomo et al., 2017). Technological changes allow for work
on increasingly large datasets (Vihervaara et al., 2018). On the other hand,
interpreting the values and comparing the results obtained on the basis of
data from various sources requires particular attention to avoid errors (Lupa,
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Mizgajski, 2014). The errors may also be result of using only secondary infor-
mation (Maes, 2016), which still prevail as a source of data in ECOSERV
papers; also, the review of Seppelt et al. (2011) covering 153 ES studies from
around the world showed that less than 40% of the papers had derived their
results on primary data from observations or measurements. This highlights
the need for more efforts to collect the primary data of ES (Maes et al., 2012;
Stepniewska et al., 2017).

Policy and business questions

The inclusion of policy and business (P&B) questions in the study was
another criterion used in our analysis. The specific P&B questions being
researched guide the scope and methodological approach for particular ES
analysis (Kruse, Petz, 2017). The sets of P&B questions were presented by
e.g. Stepniewska (2016), Albert et al. (2017), Maes et al. (2018). The exam-
ples of P&B questions can also be found in case studies collected on a the-
matic webpage developed in the ESMERALDA project (http://www.maes-ex-
plorer.eu/page/1). Based on the list of questions from the above materials,
we investigated whether the analyzed papers contain a reflection on the
practical use of ES research in policy and business.

We found that P&B questions were included more often in ECOSERV
studies (56%) than in the ESMERALDA ones (28%) (figure 3D). However,
these results should be interpreted with due caution. From the beginning,
one of the goals of ECOSERV Symposia is to strengthen the application poten-
tial of the ES concept, hence many conference papers consider the issues of
result operationalisation. We did not, however, analyze the quality of these
P&B links, which differs same as their thematic scope. The latter ranged from
studies indicating the significant role of ES for society and entrepreneurs to
general discussions on how to include ES valuation in the national account-
ing. It should be noticed the identification of P&B questions in papers was
causing difficulties for many ESMERALDA partners; therefore, the data col-
lected in the ESMERALDA database may be somehow incoherent.

Conclusions

The study provide an overview of the research on the mapping and
assessment of ecosystem and their services (MAES) in Poland. The results
show the gradual development of competences of Polish researchers within
the scope of the ES analysis. It is confirmed in the growing number of publi-
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cations, including papers that refer, apart from theoretical deliberations, to
case studies related to MAES. We also noticed the increase in use of primary
sources of data, as well as presenting research results based on classifica-
tions and terminology recognized internationally, and referring the findings
to environmental management issues. Our work helps to identify the gaps,
which are still an obstacle in mainstreaming ES into policy and practice. They
include the concentration of research on a relatively small number of ecosys-
tems and ES, the application of an interdisciplinary approach mainly in theo-
retical and general studies, and only local perspective in many works. One
can say that to overcome the gaps mentioned above, increased cooperation
between scientists representing different disciplines is necessary. This would
facilitate the mapping and assessment of key ES for all main ecosystem types,
as well as the identification of significant ES synergies, trade-offs and bun-
dles, and cross-cutting analysis of the ecological, cultural and economic val-
ues of ES.

The contribution of the authors

Piotr Lupa - 50%.
Matgorzata Stepniewska - 50%.
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Introduction

It is likely that no one still needs to be convinced of the importance of
energy security for society (creating access to varied energy sources for all
people) and increasing energy efficiency in all economic sectors (including
the domestic sector) in the European Union, in individual countries, and on
a global scale. The level of the problem is highlighted by the fact that, in
December 2011, the United Nations General Assembly declared the year
2012 to be the International Year of Sustainable Energy for All. It was declared
thus because access to modern energy services at affordable prices in devel-
oping countries is imperative for achieving the Millennium Development
Goals and the concept of sustainable development. During the assembly, the
Secretary-General, with the support of UN-Energy and the United Nations
Foundation, took charge of the new global initiative entitled “Sustainable
Energy for All”. Ensuring energy supply was not a separate goal in the Millen-
nium Declaration, but it was stated that its contribution is key to achieving
most of its objectives (there is a strong correlation between energy and
human development), which is why its importance was raised by taking this
initiative (The Energy..., 2005, p. 1-17; The Future...,, 2012; Nilsson et al,,
2013, p. 4124-4151). Within this initiative, governments, the private sector,
and representatives of civil societies around the world would cooperate to
realize three main goals relating to general access to sustainable energy by
the year 2030. These goals are (Kryk, 2012, p. 151; The Millennium, 2015):

e providing general access to affordable, reliable, and modern energy ser-
vices,
¢ considerably increasing the use of renewable energy in the global energy

mix (actions in this area are conducted very unevenly, and their effects

are also smaller and slower than expected) (Mitek, 2012, p. 19-40; Wam-

sted, 2013, p. 22-29),
¢ doubling the speed of improving energy efficiency (the underlying mean-

ing of this goal through the use of the word “doubling” should be noted,

as it means that the speed of increasing energy efficiency up until this
point was insufficient in comparison to expectations, and actions leading
to this increase should be intensified).

These goals, because they were not realized (Sachs, 2012, p. 2206-2211;
EC, 2013; UN, 2015), were reiterated as goal 7 of the 2030 Agenda (seventh
goal is to “ensure access to affordable, reliable, sustainable and modern
energy for all”) - they were indicated in order as tasks 7.1, 7.2, and 7.3. Two
more tasks were also added, namely:
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e 7a. To increase, by 2030, international cooperation allowing access to
research on clean energy and technology related to renewable energy
and energy efficiency, and advanced and cleaner fossil fuel technology, as
well as promoting investment in energy infrastructure and cleaner
energy technologies,

e 7b. To expand infrastructure and modernize technology allowing access
to modern and sustainable energy services for all residents of developing
countries by 2030, especially the least developed countries, small devel-
oping island countries, and developing inland countries, according to
their development programs.

The tasks of the seventh goal of the 2030 Agenda are convergent with the
energy politics goals of the European Union, both from 2007 (EC, 2007) and
the current one presented in Framework Strategy for a Resilient Energy
Union with a Forward-Looking Climate Change Policy (EC, 2015), the Europa
2020 Strategy (EC, 2010) and in a document Clean Energy For All Europeans
(EC, 2016), containing a package of measures to maintain the competitive-
ness of the European Union at a time when the transition to clean energy is
changing global energy markets, which promotes their realization in EU
countries. Poland, as a member of the EU and a signatory of the New Agenda,
is obliged to realize them as well. It follows, then, that it is worth examining
what the current situation in this regard is. Thus, the aim of this article is to
answer the research question: what is the speed of ensuring access to sus-
tainable energy in Poland in comparison to the average speed in the EU-28,
as well as an analysis of Poland’s accomplishments in this field, in the context
of the seventh goal of the 2030 Agenda. In order to answer this, statistical
data related to the eight indicators of the SDG 7 reported by Eurostat and
established by the UN were analysed. The beginning of the considered time
period was 2010, when, in the UN report “The Global Partnership for Devel-
opment: Time to Deliver” (UN, 2011, p. 8-10), information was provided on
the difficulties in supplying energy to a large portion of the Earth’s popula-
tion. This information was the basis for formulating the above-mentioned
opinion of the UN in 2011 regarding the necessity for increasing efforts to
provide greater access to energy, as well as the seventh goal of the New
Agenda, which is the topic of discussion of this article. The end of the consid-
ered time period (2016) is marked by the end of the available data. Because
of the relative newness of the Agenda, the following article stands as a sup-
plement to the perceived research gap, and the analytical method used
broadens the spectrum of experimental methodology. The conducted
research allowed conclusions to be formulated regarding the current achieve-
ments of Poland in this field and the necessary directions of change.
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Research methods

Objective 7 of Agenda 2030 - providing everyone with access to stable,
sustainable and modern energy at an affordable price - reflects a new multi-
faceted view on the issues of energy supply and the energy sector. According
to the aforementioned document, ensuring sustainable energy does not only
refer to increasing the share of energy from renewable sources in final gross
energy consumption, but to treat this issue and the energy sector in a broader
perspective than before. It is necessary to take into account other economic
and social variables determining the implementation of the objective, which
is why the number of indicators to illustrate this has been increased.

In order to monitor achievements in the realization of the seventh goal of
the 2030 Agenda of the UN, eight indicators were used (primary energy con-
sumption, final energy consumption, final energy consumption in house-
holds per capita, energy productivity, share of renewable energy in gross
final energy consumption by sector, energy dependence by product, popula-
tion unable to keep home adequately warm by poverty status, greenhouse
gas emissions intensity of energy consumption). For most of these indicators,
no reference levels or benchmarks were set, but rather it was established,
that the levels of these indicators should be improved. Firstly, in order to
identify the state of Polish achievements in comparison to the EU regarding
access to sustainable energy, dynamics and actual or percent values of the
measured indicators were analysed, and then- taking into account the speed
and direction of changes- a synthetic evaluation of achievements toward the
seventh goal thus far was performed. For this evaluation, the following scale
was used: unsatisfactory (+), moderately satisfactory (++), sufficiently satis-
factory (+++), fully satisfactory (++++). The higher the level of indicators
accomplished and the faster the speed of these changes, the higher the eval-
uation (tables 1-8).

Results of the research and Discussion

The realization of the SGDs requires primary energy consumption, which
is also one of the significant goals of the 2007 energy and climate package
(the so-called “3x20%”) in the EU. Although the data from Table 1 reveals
that this has occurred rather slowly in Poland. Periods of decline intertwined
with periods of growth (this trend was similar to the EU trend), which is
likely linked to the economic situation. Altogether, over six years, the use of
this energy decreased by 1.5 percentage points (pp) and was 5.4 pp lower
than the EU average. The speed of decreasing the use of primary energy also
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decreased fourfold: in Poland, it was 0.3 pp/year, and in the EU it was 1.2 pp/
year. Although in percentages the effects on a national scale were not satis-
factory, they were moderately satisfactory on the scale of the entire EU. How-
ever, the actual values should be noted. In Poland, a change of 1 pp = 0.93
million TOE, and in the EU 1 pp = 16.64 million TOE. Thus, it can be said, that
the overall amount of unused energy - 1.4 million and 114.8 million TOE
respectively - led to a saving of energy. A rise in energy productivity added to
this (in Euro/KGOE - table 4), which led to an increase in energy efficiency
both in Poland and in the EU (Energy, 2017, p. 17-18). In the end, the syner-
getic effect was more satisfactory, but still less than expected. Indeed, in eco-
nomic forecasts (The EU.., 2014) and scientific studies it was determined
that in order to achieve the goal, it would be necessary to reduce primary
energy consumption by an average of 6.3% per year (Skoczkowski, Bielecki,
2016, p. 5-20; Pach-Gurgul, 2015, p. 75-90). With the current rate of change,
the goal may not be reached.

Table 1. Primary energy consumption [million tonnes of oil equivalent — TOE]

Dynamic

Specification 2010 2011 2012 2013 2014 2015 2016 2016/2010 Change Evaluation
6,9 pp

EU 28 16575 16954 16861 16712 16086 16319 16427 931 Average ++
-1.2/r
-1.5pp

Poland 95,7 958 92,7 93,0 892 90,0 943 98,5 Average +
03/r

Source: author's own work based on Eurostat.

The limitations also require final energy consumption, which in Poland
decreased between 2010-2014, what was related to the then economic crisis,
but in 2015 it began to rise again, and in 2016 it was 0.6 pp greater in com-
parison to the beginning of the studied time period (table 2). This was con-
nected to a large extent to an increase in economic activity, improvement of
living conditions and lifestyle (a majority of appliances and products require
the use of electric energy, a few runs on batteries), and to a lesser extent of
structural changes (the “structure effect”) and weather conditions (Energy,
2017). This trend confirms economic forecasts indicating an increase in
energy consumption in the EU in the perspective up to 2030 and beyond. The
average annual speed of increase was 0.1 pp, and the direction of change was
the opposite of the intended direction, so the effect was unsatisfactory. Simul-
taneously, this indicates the necessity for finding new solutions for decreas-
ing energy intensity, which would satisfy energy requirements without
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a greater energy expenditure. In the EU, the final energy consumption
decreased between 2010-2015 and only rose in 2016. This resulted in an
overall decrease of 4.8 pp from 2010. The annual average decreased by 0.8 pp.
Considering percentages, the overall change in the EU was nine times greater
than in Poland, which is a rather satisfactory result in the context of the SDGs.

Table 2. Final energy consumption [million tonnes of oil equivalent — TOE]

. Dynamic .
Specification 2010 2011 2012 2013 2014 2015 2016 2016/2010 Change Evaluation
-4.8 pp
EU 28 11632 1109.2 11085 11082 10631 10862 11077 952 Average +Ht,
0,8/
0.6 pp
Poland 66.3 64.7 64.4 63.3 61.6 62.3 66.7 100,6 Average +
0.1/r
Source: author's own work based on Eurostat.
Poland had better results in the area of final energy consumption in
households per capita, which decreased by 9.9 pp over six years (table 3).
The annual average dropped by 1.6 pp, which is equivalent to 35.6 kg of oil,
and was 2.5 kg of oil equivalent less than 1 pp in the EU (38.1 kg). In a situa-
tion where the level of final energy consumption in households per capita
was consistently lower than the EU average, this could be considered a satis-
factory result in the context of the SDGs, although the speed of change in
Poland was 0.6 pp slower than in the EU.
Table 3. Final energy consumption in households per capita [kg of oil equivalent]
I Dynamic .
Specification 2010 2011 2012 2013 2014 2015 2016 2016/2010 Change Evaluation
-121 pp
EU 28 635 565 589 595 522 543 558 879 Average +++
-2,02/r
99pp
Poland 577 528 545 537 498 498 520 90.1 Average +++
-1.6pp

Source: author's own work based on Eurostat.

The indicator of energy productivity shows how many euros are earned
by saving 1 kilogram of oil equivalent (KGOE). The higher this indicator, the
better. In Poland, as in other countries which joined the EU in the twenty-first
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century, energy productivity was lower than the EU average (around 3.9
euro/KGOE) during the entire time period considered (table 4). The average
speed of increase was higher than the EU, as it reached 3.2 pp/year, whereas
the EU’s was 2.5 pp/year (this could have been linked to the weaker impact
of the last financial-economic crisis on the Polish economy). Thanks to this,
energy productivity rose by 19.4 pp and was 4.3 pp higher than the EU aver-
age (15.1 pp). Despite this, there is still almost two times higher of a value
generated by 1 KGOE in the EU (8.4 euro) than in Poland (4.3 euro in 2016),
therefore the results were evaluated as moderately satisfactory in the con-
text of the seventh goal of the 2030 Agenda. This also indicates the necessity
of finding new ways to increase energy productivity. This is even more impor-
tant because it affects energy efficiency.

Table 4. Energy productivity

Specification

Dynamic

2010 2011 2012 2013 2014 2015 2016 2016/2010

Change  Evaluation

115.1
Average 15.1 pp

EU 28 7.3 177 77 78 83 8.3 8.4 2.5/r1.1 Average  ++
Average 2.5/r
2,5/
19.4pp
Poland 36 38 4.0 4.0 43 44 43 119.4 Average  ++
32

Source: author's own work based on Eurostat.

Avital role in providing sustainable energy is played by renewable energy
sources (RES), which should largely replace traditional sources. The indica-
tor of shares of renewable energy in gross final energy consumption by sec-
tor is used for monitoring this, and this indicator rose both in the EU and in
Poland during the considered time period, although at different speeds (table
5).In Poland, the indicator rose from 9.3% in 2010 to 11.3% in 2016, in other
words, by 2 pp in six years. The average rose by 0.3 pp in a year, although the
yearly increases were lower. The change in direction in Polish energy policy
in the field of energy supply has hindered the development of RES (the Polish
government assumed that hard coal mining is and will be the basis for the
energy balance of the state in the coming years) (Bojanowicz, 2017, p. 6-7;
Uznanski, 2018, p. 6-7; Energy Policies, 2017), which could lead to a failure to
achieve a 15% share of renewable energy in the final energy consumption,
originally planned for 2020. This also has a negative impact on the realiza-
tion of the Europa 2020 Strategy, 2030 Agenda goals and Strategy for a Resil-
ient Energy Union with a Forward-Looking Climate Change Policy (EC, 2015).
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This is all the more disadvantageous because at all times the indicator of
shares of renewable energy in gross final energy consumption by sector in
Poland was at a lower level (on average, 4.2 pp lower) than in the EU.
The average speed of change of this indicator in the EU was 0.8 pp/year and
was 2.7 times higher than in Poland, thanks to which the amount of RES in
the final energy consumption by sector rose by 17% in 2016 (by 5% pp).
If the rate of change of this indicator does not decrease, the planned level of
the examined indicator in the EU will be achieved - 20% in 2020 and 27%
in 2030 thanks to the positive effects of actions of other community members
in this regard (EC, 2016). The RES share is projected to even increase to 30%
in the EU. The reason for this is the recent decline in the costs of renewable
technologies. EU commissioner Maro$ Sef¢ovi¢ estimates that achieving the
30% target by 2030 will cost almost as much as 27% previously adopted (EC,
2017). Summing up, in the context of Poland’s goal 7, Poland’s achievements
in this respect are unsatisfactory and the EU quite satisfactory.

Table 5. Share of renewable energy in gross final energy consumption by sector [%]

Specification 2010 2011 2012 2013 2014 2015 2016 Changes  Evaluation

5pp
EU28 120 132 144 152 161 167 170  Average  +++

0.8 pp/r

2pp
Poland 9.3 103 109 114 115 117 113 Average  +

0.3pp/r

Source: author's own work based on Eurostat.

Providing access to clean, sustainable, and modern energy, along with
energy security, is not always possible based only on a country’s own natural
resources or energy production. Some of the EU member states (including
Poland) must import appropriate fuel (less harmful to the environment) or
energy in order to limit pollution of the natural environment (Sakowska,
2017, p. 11-19). Thus, it is important to research the level of energy depend-
ence by-product, which reflects the impact of importing on overall energy
usage. In 2010, the EU reached 52.7% of this indicator, and over six years, it
rose by 0.9 pp to 53.6%, for an average of 0.15 pp annually-which could be
considered to be not very much (table 6). This is certainly the case from an
environmental perspective: increasing the importing of more ecological fuels
or buying pre-generated energy is less harmful to the environment. However,
for the country’s economy, importing requires more reliance on external
sources, which could lead to risks related to punctual delivery or an increase
in energy supply prices due to using less polluting fuels not owned by the
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country. These arguments are cited by the Polish government in answer to
their use of national fossil fuel resources. This could be one of the reasons for
the decline in the share of fuel imports in total energy consumption in Poland
from 31.3% in 2010 to 30.3% in 2016, which may be detrimental to the envi-
ronment. One cannot, however, discard the relationship of this indicator to
the increase in energy efficiency caused by technological changes, and this is
precisely what occurred. Increasing energy efficiency is determined by a
decrease in energy usage as well as a decrease in energy import. Regardless
of the causes, the decrease in energy dependence by-product in Poland by
1 pp over 6 years (on average 1.17 pp/year) is not satisfactory. Moreover,
it should be noted that over the entire time period studied, this indicator was
lower in Poland than the EU average (around 23.6 pp), which means less
dependence of the country on external providers, and the direction of change
of the indicator is appropriate from the perspective of ensuring energy secu-
rity.

Table 6. Energy dependence by-product [% of imports in total energy consumption]

Changes
2016/2010

09pp
EU 28 52.7 54.0 53.4 53.1 53.4 53.9 536  Average +
0.15/r

Specification 2010 2011 2012 2013 2014 2015 2016 Evaluation

-1pp
Poland 313 334 306 256 286 292 303  Average +
017/r

Source: author's own work based on Eurostat.

Another indicator reflecting the implementation of SDG 7 is the indicator
of the population unable to keep home adequately warm by poverty related
to the measurement of fuel poverty and reflects the percentage of all resi-
dents who are not able to maintain an adequate level of heat in their homes.
According to the World Health Organization, the temperature of 21°C in the
living room and 18°C in the other rooms can be considered as comfortable
(Ormandy, Ezratty, 2012, p. 116-121). The concept of fuel poverty relates to
the problem of maintaining an appropriate (comfortable) temperature in the
home. The causes of this are three key factors: high energy costs, energy inef-
ficient homes, and relatively low household income. Thus, poverty is associ-
ated with a lack of financial resources, for the purchase of energy and energy
services (in the UK it is assumed that it occurs when the household spends
more than 10% of its income on heating the house to the appropriate tem-
perature) (Moore, 2012, p. 19-26; Liddella et al., 2012, p. 27-32; Waddams,
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2012, p. 19-26). The result of this state is a cold and damp home, which has
a negative impact on the health and well-being of its residents (sick building
syndrome). From the definition, it can be stated that not all “impoverished”
homes are also “energy impoverished”, although the probability of fuel pov-
erty rises in correlation with decreasing income. Often, the victims of fuel
poverty are the poorest families who live in buildings using the most energy.
These families are punished twice over: by a poor standard of living, and by
high energy bills. However, belonging to non-impoverished households does
not automatically eliminate such a household from fuel poverty. This results
from one simple fact-fuel poverty occurs not only where income is low, but
also where a combination of three factors occur: low income, low housing
quality, and high energy costs” (Szamrej-Baran, 2013, p. 151-152; Darby,
2012, p. 98-106; Thomson, Snell, 2016, p. 101-118).

In Poland, at the beginning of the studied time period, 14.8% of the pop-
ulation were living in fuel poverty, which was 5.3 pp more than in the EU,
whereas in 2016 it affected only 7.1% of residents (table 7). Over six years,
the indicator of the population unable to keep home adequately warm by
poverty was constantly decreasing: whereas by 2013 it was higher than the
EU (on average by 3.1 pp), in 2014 it was the opposite case. In 2016, it was
lower in Poland by 1.7 pp than in the EU, and 52% lower than in 2010. The
decrease in this indicator was linked to, among others, the improvement of
the Polish economy, which impacted the increase in wealth of the population
and limited the amounts of extreme and relative poverty in all social groups.
In the EU-due to the inclusion in 2007 of Bulgaria and Romania (the poorest
countries in the group)-this indicator initially rose, and only started to decre-
ase in 2013, when the average speed of change was around -0.13 pp/year,
and was almost 10 times lower than the average speed of change in Poland
(-1.28 pp/year). In effect, this indicator decreased in the EU by 1.1 pp overall
(unsatisfactory - the results of research in this respect in relation to the EU
coincide with the results presented in the literature on the subject) (Tirado
Herrero et al., 2012, p. 60-68; Swierszcz, Grenda, 2018, p- 211-230), and in
Poland by 7.7 pp (which was 52%), a sufficiently satisfactory result. Thanks
to this, the number of people in Poland living in fuel poverty decreased by
48%.

Implementation of SDG 7 also requires reduction of greenhouse gas
emissions. According to the EU climate and energy policy, Member States are
obliged to reduce greenhouse gas (CO,) emissions by 40% by 2030 and by as
much as 80% by 2050 compared to 1990 levels (EC, 2013; EC, 2011). The pro-
posed target for Poland (reduction of CO, by 7%) is one of the lowest in the
EU (the same is to be achieved by Croatia and Hungary, with lower reduction
targets only for three countries - Latvia (6%), Romania (2%) and Bulgaria
(0%).
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Table 7. Population unable to keep home adequately warm by poverty status
[% of the population]

Changes

2016/2010 Evaluation

Specification 2010 2011 2012 2013 2014 2015 2016

0.8 pp
EU 28 9.5 9.8 10.8 10.7 103 94 8.7 Average +
-0.13 pp/r

-1.7pp
Poland 148 136 132 114 90 75 7.1 Average +H+
-1.28 pp/r

Source: author's own work based on Eurostat.

In the studied time period, the indicator of greenhouse gas emissions
intensity of energy consumption decreased in both Poland and the EU, but at
different speeds (table 8). In the EU, it decreased on average by 0.78 pp/year,
which resulted in a decrease in greenhouse gas emissions by 4.7 pp. The rate
of change of this indicator was not significantly higher than in the years
2000-20009 (0.71 pp/year) (author’s calculations based on Eurostat data),
but despite this, the realization of one of the EU’s climate policy goals by
2030 - the limiting of at least 40% of greenhouse gas emissions based on the
levels from 1990 - is questionable. Thus, the achieved result is moderately
satisfactory. In Poland, the indicator decreased by an average of 0.45 pp/year,
or 1.7 times slower than in the EU. This allowed for a decrease in greenhouse
gas emissions by only 2.7 pp, and this is not a satisfactory result. What is
worse, the situation may not improve, as it is predicted that fossil fuels will
dominate the energy market until 2035 or even until 2050. This could lead to
an increase in greenhouse gas emissions through energy usage. Therefore,
accomplishing the EU energy policy goals and the 2030 Agenda requires tak-
ing appropriate steps in order to increase the speed of limiting greenhouse
gas emissions.

Table 8. Greenhouse gas emissions intensity of energy consumption

o Changes .
Specification 2010 2011 2012 2013 2014 2015 2016 2016/2010 Evaluation
. -A.7pp
FUBindex g06 994 920 907 893 891 879 Awerage
(2000 = 100)
-0.78pp/r
. -2.7pp
Polandindex g30 919 939 919 914 914 903 Average ¥
(2000 = 100)
-0.45 pp/r

Source: author's own work based on Eurostat.
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Taking into account the individual evaluations of achievements for each
indicator, a synthetic evaluation was performed, summing up the amount of
(+) awarded. Table 9 presents the amount of possible (+) that could be gained,
and table 10 presents the evaluation of the effects so far.

Table 9. Number of pluses possible to achieve

Evaluation Possible amount of points to be gained
Unsatisfactory (+) 1-8

Moderately satisfactory (++) 9-16

Sufficiently satisfactory (+++) 17-24

Satisfactory (++++) 25-31

Source: author's own work based on Eurostat.

Table 10. Synthetic evaluation of achievements in the context of the SDGs

Specification Sum (+) Sum (++) Sum (+++) Sum (++++) Total sum of (+)
Paland 6 0 6 0 12
EU 28 3 4 9 0 16

Source: author's own work based on Eurostat.

Based on the findings above, conclusions were drawn, which are pre-
sented below.

Conclusions

During the studied period:
¢ The combined effects of Poland and the EU as measured by the SDGs
were assessed as moderately satisfactory, and the achievements of Poland
were smaller than the EU’s.
¢ In Poland, the speed of change of five of the goals (1, 2, 5, 6, 8) was unsat-
isfactory, and two were sufficiently satisfactory (3, 7), whereas, in the EU,
the speed of change of three of the goals (4, 6, 7) was unsatisfactory, two
were moderately satisfactory (1, 8), and three were sufficiently satisfac-
tory (2, 3, 5).
In summary, Poland’s effort to realize the seventh goal of the 2030 Agenda
must increase in the speed of change in almost all areas measured by the
aforementioned indicators. This will require not only a search for new solu-
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tions or instruments allowing them but also an increase in the level of educa-
tion regarding sustainable development and changes in the development of
sustainable energy. In the EU, the situation in this area is better, but specific
actions are still needed, which are formulated in the A framework Strategy
for a Resilient Energy Union with a Forward-Looking Climate Change Policy
of 2015.

Poland as an EU member is obliged to participate in the implementation
of energy goals. The EU objectives that should be achieved by 2030 are:
reduction of greenhouse gas emissions by 40% (as already mentioned - for
Poland only a 7% reduction is foreseen in this case), share of energy from
renewable sources in total energy consumption - 27% (20% for Poland),
improvement of energy efficiency by 27-30%, 15% of energy in interconnec-
tions (i.e. 15% of electricity generated in the EU can be sent to other EU coun-
tries). Their achievement is to be supported by new regulatory proposals
related to the new vision of the energy market contained in the mentioned
Clean Energy For All Europeans package (EC, 2016), accompanying the strat-
egy for the Energy Union, which, inter alia, they assume equal treatment of
energy sources, efficient management of energy demand and supply, shaping
energy prices on an arm’s length basis, guaranteeing the possibility of pro-
ducing and storing energy for prosumers and energy cooperatives, strength-
ening competitiveness of the energy market. Most of the proposed solutions
have not yet been included in Polish legal regulations, as the last strategic
document called Energy Policy of Poland until 2030 comes from 2009, and
the draft “Energy Policy of Poland until 2040” developed by the previous
Government since 2015 has not yet been finalized (Projekt..., 2018). The Act
on Renewable Energy Sources adopted by the new Government (Ustawa,
2015), pointing to a change in national energy policy (return to hard coal as
a basis for energy security) adversely affected the RES development, result-
ing in a slowdown in the development of renewable energy and a threat of
failure to achieve in this regard. It can also determine the implementation of
other goals. The International Energy Agency (IEA) pointed out this in the
Report on the energy situation in Poland (Energy Policies of IEA, 2017). How-
ever, it should be emphasized that according to the IEA report, Poland does
not fully support the “transformation of the energy system”, putting still on
fossil fuels as the basic element of the energy system in the long-term per-
spective. Nevertheless, it places great emphasis on reducing greenhouse gas
emissions (GHG) and air pollution, improving energy efficiency, meeting
renewable energy targets, decarbonising the transport system and introduc-
ing nuclear energy.
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Introduction

Following Poland’s accession to the European Union (EU), national provi-
sions related to the management of water are formed mainly by regulations
issued within EU. Policy of EU - while considering environment - contributes
to achieving a reasonable and rational method of using natural resources.
Such policy is aimed at reaching a high level of nature preservation, including
differences within certain regions (Biatek et al., 2018). While considering the
usage of water and management of water resources, Directive 2000/60/WE
of European Parliament and Council of 23rd of April 2000 is of fundamental
importance. The Directive sets the scope of community activities within
water policy. Art. 9 point 1 of the Directive shows that EU Member States -
within provisions of their national law, which are currently in force - should
take into consideration the rule related to refunds of fees for water services,
including economic fees and expenses connected with materials (in other
words “the one who pollutes has to pay”). What is more, the aforementioned
Directive introduces legal definition of “water services”: “water services mean
all services allowing households, public institutions or any other economic
activity to: a) consume, dam up, store, treat and distribute surface or under-
ground water; b) receive and treat waste, which is drained off to surface water
afterwards” (EU, 2000).

The issue of the water management and water services in the EU has
been the subject of many publications (among others: Jekel, 2005; Unner-
stall, 2007; Mitaszewski, Rauba, 2010; Gawel, 2015), but the system of water
services in Poland is new, that is why the literature connected with the sub-
ject matter is poor and insufficient. Economic analysis (required by the afore-
mentioned Directive and conducted by Biatek et al., 2018) shows that in the
years 2016-2017 the refund of fees for water services reached only 22-24%.
Such situation caused introducing a new system of fees for water services in
the new Water Law. The main issue was related to the rule of refunding fees
for water services. Fees for water services were recognized as one of the five
instruments related to management of water resources (art. 11 point 3 of the
new Water Law) and as one of the nine economic instruments connected
with water management (art. 267 point 1 of the new Water Law).

Introducing the new system of fees is a crucial change, especially for
entrepreneurs, because now they must analyze the entire previous scope of
water management. Decision-makers must choose how resources are allo-
cated for rain water management and decide among the options available to
reduce the impact of rain water to the receivers. At the same time, deci-
sion-makers must face problems related to costs and benefits of managing
rain water including maintenance costs, and how the cumulative effects of
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many decentralized and distributed projects across the city will impact rain
water flows (Cousins, 2017). Until now, in many cities of Poland as well as
abroad, it was required to pay fees for rain water for property under the
impervious cover of land parcels (Burszta-Adamiak, 2014; McPhillips, Mat-
sler, 2018). Establishment of such rain water fees was aimed at mitigating
losses in the overall fee base and thus funds for maintaining and upgrading
rain sewer infrastructure (Keeley et al., 2013). This provided additional rev-
enue to fund maintenance of existing rain water control measures as well as
to support development of new ones.

On the 1st of January 2018 the new Water Law (2017) came into force,
introducing a reform of the water administration and management system.
Amendment to the Water Law (the new Water Law, 2017) was the final step
leading to implementation of the aforementioned Directive (EU, 2000) to Pol-
ish law.

As far as management of rain water and snow water is concerned, signif-
icant changes were introduced. Under the old Water Law, rain water and
snow water were defined as wastewater, contained in open or closed drain-
age systems, coming from contaminated areas with permanent surface, in
particular:

e cities, ports, airports,

e areas of industrial, commercial, service and warehousing purpose,

e transport bases,

¢ roads and parking lots (Art. 9, item 1, point 14 (c), old Water Law, 2001).

On the other hand, under the new Water Law, rain water and snow are no
longer included in the wastewater category. They became a part of water ser-
vices, defined as: “discharging rain water and snow water to water, contained
in open or closed rain sewage systems used for draining off rainfalls or con-
tained in collective sewage systems within administrative borders of cities”
(Art. 35, item 3, point 7, the new Water Law 2017).

The new Water Law introduces a system of fees for water services, includ-
ing, among others: discharging rain water and snow water to water, con-
tained in open or closed rain sewage systems used for draining off rainfalls or
contained in collective sewage systems (Art. 268, item 1. point 3 (a), the new
Water Law, 2017). Under the new Water Law, fees for water services con-
nected with discharging rain water and snow water, consist of a fixed fee and
variable fee dependent on the existence of facilities for water retention from
the sealed areas (Art. 270, item 11, the new Water Law, 2017). The amount of
the fixed fee for discharging rain water and snow water is calculated as the
product of the unit fee rate, period in days and maximum quantity of water,
which can be consumed (measured in m3/s) - according to legal water per-
mission or integrated permission. (Art. 271, item 4, new Water Law, 2017).
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On the other hand, the variable fee is calculated as the product of the unit fee
rate, the amount of consumed water expressed in m® and period in years,
considering the existence of facilities for water retention from the sealed
areas and capacity of such facilities (Art. 272, item 5, the new Water Law,
2017). Binding unit fee rates are provided in the Ordinance of the Council of
Ministers related to unit fee rates for water services (currently Journal of
Laws of 2017, item 2502). The amount of the fee is determined by State
Water Holding - Polish Waters (in polish: Panstwowe Gospodarstwo Wodne
- Wody Polskie), which notifies the entities obliged to pay it in form of annual
information containing the method of calculating the fee (Art. 271, item 1,
the new Water Law, 2017). Pursuant to art. 271, item 4 of the new Water Law
(the new Water Law 2017), the calculation of the fixed fee is based on infor-
mation included in the water law permit. Under the amended Water Law, the
permit for discharging rain water and snow water to water or to soil shall
specify the maximum amount of consumed water in m3/s, the average
amount in m3/year and the actual and reduced surface area of the catchment
drained by each outlet, the amount of rain water and snow water, and the
average amount of rain water and snow water discharged to the facilities for
the retention of water from sealed areas, expressed in m3 per year (Art. 403,
item 1, points 2 and 20, the new Water Law, 2017).

Under the old Water Law, fees for using the environment and discharging
rain water and snow water to water and soil, were applicable (Art. 273, item
1, point 2, Law of Environmental Protection, 2001). In the legal situation that
existed until the 31st of December 2017, if rain water or snow water was
discharged to water or soil, the amount of fee was dependent on the size, type
and method of development of the area from which such wastewater was
discharged (Art. 274, item 4, point 1, Law of Environmental Protection,
2001). The amount of unit fee per 1 m? of contaminated area with a perma-
nent surface was published annually in the announcement of the Minister of
the Environment related to fees for the use of environment (Appendix 2,
Table D, M.P. of 2016, item 718). Under the old Water Law, the water law
permit for discharging rain water and snow water should specify the amount,
state and composition of wastewater discharged to water, soil, or sewage sys-
tems or the minimum percentage of contamination’s reduction in the waste-
water treatment process (Art. 128, item 1, point 4, old Water Law, 2001). It
should be mentioned that water law permits issued under the repealed
Water Law remain in force (Art. 547, item 7, the new Water Law, 2017), which
- in extreme cases — may refer to the period until the 31st of December 2027.

Under the old Water Law (2001) fees for discharging the rain water or
snow water had to be paid by the owner of the rainfall sewage system’s out-
let, where the wastewater was discharged to soil, water or to water devices.
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Similar situation occurs in the new Water Law, however with one exception
- the fee have to be paid only for discharging the rain water and snow water
to surface water. In most of the cases, communes are the owners of the sew-
age systems’ outlets. Earlier, the communes could include collecting of the
wastewater - coming from the rain or snow - in the fee tariff for water and
wastewater, but today they can’t do it, because rain water and snow water are
no longer defined as a wastewater.

Sustaining the old water law permits in force cause problems related to
the rights - expressed under the old Water Law and under the new Water
Law - which are not the same in both of those cases. The main difference is
connected with the information about the maximum and annual amount of
rain water and snow water which has been discharged. Another problem is
related to facilities used for retention of rain water and snow water: under
the old Water Law, possession of such facilities wasn’t required in water law
permits or it was required, but only to the extent specified in the old Water
Law; whereas under the new Water Law, water law permit must include pos-
session of the aforementioned facilities. This may cause difficulties related to
proper calculation of fees for water services connected with discharging rain
water and snow water to water or soil, pursuant to water law permits issued
under the old Water Law (old Water Law, 2001).

The main purpose of this article is to show the need to unify methods of
calculating fees for rain water and snow water. Such need is connected with
interpretational doubts related to the new Water Law, especially, while con-
sidering water law permits, issued before the 1st of January 2018.

Research methods

The authors analysed 50 water law permits for discharging rain water to
water or to soil, issued under the repealed Water Law (old Water Law, 2001),
selected randomly from publicly disclosed decisions on water law permit.
They specify the scope of rights, which was systematised according to the
adopted categories (table 1). The share of water law permits containing
information that enables directly or indirectly to calculate the fixed fee (i.e.
maximum transient runoff - Q. maximum hourly discharge - Q. .xn O
maximum annual discharge - Q. and the variable fee (i.e. maximum
annual discharge - Q. average annual discharge - Q,,, average daily dis-
charge - Q4) was determined. The analysed decisions were issued by sta-
rostes of county, presidents of towns with county rights, voivodeship Mar-
shalls and the Director of the Regional Water Management Authority in the
years 2004-2017. The paper is based on the legal status of the new Water
Law (new Water Law, 2017) as of May 31st, 2018.



42

Environmental policy and management

EKONOMIA | SRODOWISKO 1 (68) + 2019

Table 1. Categories adopted for the analysis of water law permits in terms of the contained information
about the data characterizing the quantity of discharged wastewater (rainwater and snow water)

Type of discharge according

Category  Unit o.ater][aw permits Characteristics of the category

md/s calculated . . . .

/ This category includes water law permits that specified the amount
Q m3/s total/cumulative of discharged water, without providing the maximum, hourly, average
. daily or annual values, etc.

m3/s Unit

m3/s maximum "3 This category includes water law permits that specify the maximum
Q transient quantity of discharged water and unit-based or calculated

max m¥/s calculated discharge, but do not specify the maximum hourly and annual values
and average daily values.

m/s calculated

mé/h maximum hourly * This category includes water law permits that specify the value of
Q, ) maximum hourly and annual discharge, average daily discharge and

m?/d average daily ® calculated discharge.

m3/r maximum annual 4

m3/h maximum hourly 4 . . . .

/ y This category includes water law permits that specify the value
Q4 m3/d average daily ° of maximum hourly and annual discharge and the average daily
. discharge.

md/r maximum annual 4

m3/s maximum

mé/h maximum hourly * This category includes water law permits that specify the value of
Quc ] maximum transient, hourly and annual discharge and the average

m?/d average daily ° daily discharge.

m3/r maximum annual 4

m/s calculated
Q me/h maximum hourly * This category includes water law permits that do not qualify to the

other m3/d average daily 5 other categories.
m3/r annual 23
The water law permit does not specify the quantity of discharged

Qy waters.

1 amount required to calculate fixed fee under the new Water Law

2 amount required to calculate variable fee under the new Water Law

3 information required in the water law permit under the new Water Law

4 amount used for calculating fixed fee under the new Water Law, by converting indirectly into seconds
5 amount used for calculating variable fee under the new Water Law, including the amount of rainy days

Source: author's own work.
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Pursuant to the water law permit (Decision of 2016) and the statement of
water management conditions (Siwulski, 2016) for discharging rain water
from the area of the city Strzelin to the Otawa River - outlet W-1V, the authors
conducted a simulation of the calculation of the fee, considering different
interpretations of the method of determining input data for calculating the
fee. The amounts of fixed and variable fee were calculated separately. The
analyzed variants are presented in table 2, while table 3 presents the charac-
teristic data of the drained area and the input data for calculations. The cal-
culation of fixed and variable fee was based on the formula specified in the
new Water Law (new Water Law, 2017). However, it was presented as a total
annual fee, without dividing it into quarterly payment instalments. The basic
rate of fee per unit was estimated, as the statements of water management
conditions issued under the repealed Water Law (old Water Law, 2001) did
not specify the volume of water retained in dedicated facilities. Comparative
analyses, related to the amount of fee, included basic variant, which consti-
tuted variant 1 - for the fixed fee, variant 4 - for the variable fee and the sum
of variants 1 and 4 - basic variant for the entire amount of annual fee.

FF-UR" T " Quaw (n
where:
FF - fixed fee [PLN],
UR-  unit rate determined pursuant to the Ordinance of the Council of Ministers
(Journal of Laws of 2017, item 2502),
T- time [days],

Qumax — Mmaximum transient quantity of discharged rainwater and snow water [m3/s].

VF=UR"-T- Qun (2)
where:
VF - variable fee [PLN],
UR-  unit rate determined pursuant to the Ordinance of the Council of Ministers
(Journal of Laws of 2017, item 2502),
T- time [years],

Qyr— annual quantity of discharged water [m3].
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Table 2. Analysed variants of the simulation of the amount of fixed and variable fee for discharging
rainwater and snow water to water

Variant Type of fee

Characteristics of the manner of calculating the fee

1 Calculated directly from the Q,,,,, Specified in water law permit
Calculated indirectly: Q.. calculated basing on Q.. Specified in the water law permit or statement
2 8 of water management conditions.
g (Qmax :Qmax h/3600*)
=
Calculated indirectly: Q4 calculated basing on Q. Specified in the water law permit or statement
3 of water management conditions.
(Qmmax =Qumaxy/31536000%)
Calculated directly, based on the assumption that Q,, correspond to the annual quantity of water
A discharged pursuant to the permit obtained or as specified in the statement of water management
conditions.
Qv.yr = er
Calculated indirectly, as the product of the average daily quantity of discharged water and the number
5 of rainy days (DP) specified in the statement of water management conditions.
Qv.yr = Qd x DP
Calculated as the product of the average total rainfall from the long-term period (Hm) and the drained
6 ) surface area (F). (Filipek et al., 2018).
< Quyr = Hy X F
s
8 Calculated as the product of the total rainfall from the preceding year (H) and the drained surface area (F).
7 (Filipek et al., 2018).
Qu =HxF
Calculated as the product of the average total rainfall from the long-term period (Hm), the drained surface
8 area (F) and the runoff coefficient (i) (Filipek et al., 2018).
Quye = Ho XF
Calculated as the product of the total rainfall from the preceding year (H), the drained surface area (F)
9 and the runoff coefficient (p) (Filipek et al., 2018)
Qe =HxFxp
10 Ej @ Feefor the use of environment binding until the 31st of December, 2017, based on the unit fee rate
ga = (M.Pof 2016, item 718) and the size of the drained surface area.

* conversion per second: day, year.

Source: author's own work.
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Table 3. Input data necessary for calculating the fixed and variable fee for discharging rainwater and

snow water to water

Item Parameter Unit Value Data source
1. Qua m3/s 3.004 Decision of 2016
2. Qq m3/d 689.9 Siwulski, 2016
3 Quaxh m3/h 378.97 Siwulski, 2016
4 Quayr md/r 1385757.7  Siwulski, 2016
5. Qyr ma/r 111588 Siwulski, 2016
6. Qu=HyxF m3 548020
7. Q=HxF m? 574340
Own calculations based on data by Siwulski, 2016
8. Qu=HmxFxgp m° 137693
9. Qu=HxFxgp m? 144306
10. I(r?]Z?éBi;Togg;Tit?;igfr? |\llVroc’raw*) m 0.583 Siwulski, 2016
8 (Rniieqfeillrgl]o%riiglegitg%gsa\l:lroc’raw*) m 0611 GUS, 2017
12. Number of rainy days 160 Siwulski, 2016
13.  Drained area ha 94.00 Siwulski, 2016
14.  Average weighed runoff coefficient 0.25 Own calculations based on data by Siwulski, 2016
15, Green areas ha 37.76 Siwulski, 2016
16.  Developed areas ha 50.3 Siwulski, 2016
17. Roads ha 594 Siwulski, 2016
18.  Runoff coefficient — green areas 0.1 Siwulski, 2016
19.  Runoff coefficient - developed areas 0.3 Siwulski, 2016
20.  Runoff coefficient - roads 0.8 Siwulski, 2016
21.  Rate per unit FF (equation 1) PLN permé/s 2.5 Journal of Laws of 2017, item 2502
22 Rate per unit VF (equation 2) PLN per m3 0.75 Journal of Laws of 2017, item 2502
23 Rate per unit — Marshall's fee PLN per m2 0.057 M.P. of 2016, item 718

* — meteorological station Wroctaw was used in the statement of water management conditions (Siwulski, 2016) as characteristic
for Strzelin

Source: author's own work.
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Results and discussion

The fees for water services connected with discharging rain water and
snow water should be charged only for discharging it to water. Pursuant to
art. 268, item 1, point 3 (a) of the amended Water Law (the new Water Law,
2017), discharging rain water and snow water to soil is free of charge. On the
other hand, Biatek et al. (2018) claim that the provisions of Art. 268, item 1,
point 3 (a), Art. 270, items 3 and 11, Art. 272, item 5, Art. 274, item 5 (the
new Water Law, 2017) may be interpreted as a lack of obligation to pay the
fees for water services connected with discharging rain water and snow
water to water units, as the cited provisions on charges do not list the water
units, although according to the definition of water services rain water and
snow water is discharged to water units. Capturing rain water or snow water
with the use of water melioration units is also exempt from charge, as it does
not constitute a water service and is an example of using water which does
not require obtaining a water law permit (Art. 395, item 13, new Water Law,
2017). However, one should bear in mind that not every ditch or reservoir is
classified as a water melioration unit, because pursuant to Art. 195 of the
amended Water Law (new Water Law, 2017), water melioration units consist
in regulating water relations in order to improve the production capacity of
soil and to facilitate its cultivation, and not every ditch or reservoir serves
that purpose.

The analysis of water law permits issued under the repealed Water Law
demonstrates that they are not homogenous in terms of the scope of the
rights provided therein connected with discharging rain water or snow water
to soil (figure 1).Water law permits that only specify the Q.. value, which
enables to determine the fixed fee directly, had the highest share (28%),
while permits specifying the Q. value that does not allow the calculation of
fixed fee accounted for 24%. On the other hand, permits specifying the values
of Qaxhr Qmaxyrr Qo Which may constitute the basis for calculating the fixed
fee indirectly, by converting Q,,x» and Qpaxr into Q. represented 26% of all
permits. 2% of the permits did not specify the amount of discharged rain
water and snow water at all. Altogether, 36% of the water law permits con-
tained information about Q,,,, value that enabled to calculate the fixed fee
directly, while 36% specified the Q.1 and 38% decisions specified Qpay yr
which may be converted to Q,,., to calculate the fixed fee indirectly (figure 2).
[t should be noted that only 8% of the water law permits contained any infor-
mation about the annual amount of discharged waters (Q,,), which would
enable to determine the amount of variable fee. On the other hand, 40% of
the permits contained information about the daily amount of discharged
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waters (Qq4), which may constitute the basis for calculating the annual amount
of such waters indirectly (table 2).

30% -
Figure 1.
059 | Share of water law permits
belonging to a category defined
. in Table 1 for the purposes
20% - of analysing the amount of
discharged wastewater (rain
15% - water and snow water)
Source: author's own work.
10% -
5%
0% -
Qc Qmax 04 Qac QAC Qother Qw
45% ~

40% -
Figure 2.
35% - Share of water law
30% permits specifying a value
characterising the amount
25% - of discharged rainwater that
enables to determine the fee
20% A for discharging rain water and
15% - snow water to water
Source: author's own work.
10% -
5% | I
0% - T T T T
Qs Q, Q

Qmax Omax h

max.yr

Among all analysed water law permits, 30% contained all information
(Q4 and Qs categories) required for the determination of fixed and variable
fee, provided that the Q. and Q,, values may be calculated indirectly,
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by converting them, respectively, from Q. , OF Qpaxyr and Qq. 6% of the water
law permits (Q,¢ category) specified Q,,,, thus enabling to calculate the fixed
and variable fee indirectly, by converting Qq into Q,,,, 8% of them (Qqeer cate-
gory) Contained information that enable to determine the fixed fee indirectly
(by converting Q,,.«h into Q,..) and to calculate the variable fee indirectly or
directly, respectively by converting Qq and Q,, into Q. 44% of the water law
permits altogether contained information that enable to simultaneously cal-
culate the data required for the determination of fixed and variable fee,
directly or indirectly, without the need to use additional information from the
statement of water management conditions. It should be noted that none of
the water law permits provided information about facilities for water reten-
tion in sealed areas or their capacity, which is necessary to determine the
amount of unit rate for discharging rain water and snow water to water.
In such event, the maximum rate is applied.

Depending on the adopted calculation variant (table 2), the amount of
fixed fee may range from PLN 40 to PLN 2823 (figure 3). The highest fixed fee
is charged if the Q,,,, specified in the water law permit (Decision of 2016) is
applied directly, while the lowest one is obtained if Qp,,,, is converted into
Qumax In the analysed case it is obligatory to apply the Q,,,,, as it is specified in
the water law permit constituting the basis for calculation of the fee for dis-
charging rain water and snow water to water (Art. 271, item 4, new Water
Law, 2017). If the permit does not specify the Q.. value, only the Q.1
and/or Q. instead, one may consider determining the Q,,,, value indi-
rectly by converting Quaxn OF Qpuaxyr (Filipek et al., 2018). However, this may
resultin a significant underestimation of the fixed fee, which might not reflect
the fixed costs of discharging rain water and snow water to water. The amount
of fixed fee calculated by converting Quaxn OF Qpaxyr May constitute, respec-
tively, 3.4% and 1.4% of the fixed fee calculated basing on Q,,,,.

The judgments of administrative courts will become an important ele-
ment in determining the fixed fees for water services. In the case concerning
the fixed fee for using water services, the Voivodeship Administrative Court
in Szczecin (II SA/Sz 514/18) stated that the legislator had not specified,
which of the indicators provided in water law permits issued pursuant to the
repealed Water Law (Quaxh Qmaxd OF Qmaxyr) should be used to calculate the
fixed fee. According to the Court, the application of the Q. indicator is
incorrect, as its use of waters is not constant, because it is limited by the
value of Qyax - The application of Q. results in charging a fee that does not
reflect the costs of the actual, permitted and legal use of water services. Addi-
tionally, the water management authority, which calculated the fixed fee for
using water services based on the Q,,.,,, indicator of such use, as foreseen in
the water law permit, contrary to the provisions of Art. 7a § 1 of the Code of
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Administrative Procedure - “If the subject of administrative proceedings
consists in imposing an obligation on a Party or depriving it from an entitle-
ment or limiting the scope of its rights, and the case leaves any doubts regard-
ing the content of the legal standard, these doubts shall be settled to the ben-
efit of the party (...)", (Code of Administrative Procedure, 1960) failed to settle
the doubts concerning the interpretation of the provision of Art. 271 item 2
of the amended Water Law (new Water Law, 2017) to the benefit of the party
obliged to pay the fee and assumed a result that does not reflect the costs of
actual, permitted and legal use of waters on an annual scale. However, in a
similar case, the Voivodeship Administrative Courtin Kielce (I SA/Ke 134/18)
expressed a different opinion, arguing that the fixed fee is a subscription fee,
payable for the Q. Which is assumed to be the maximum value in m3/s,
converted, respectively, from Qpaxn Qmaxd OF Qmaxyr and the fact that Qpay gy
was exceeded, is insignificant, as the fixed fee is by definition a permanent,
lump-sum fee, i.e. a fee in a predefined amount and it is not related to the
actual extent of use of waters.

Figure 3.
Amount of fixed fee (variants
Thousands 1-3) and variable fee (variarjts
PLN 4-9) and Marshall's fee (variant
500 - 5 = 10) for discharging rainwater
= 2 to waters, according to the
~ adopted calculation
400 ~
Source: author's own work.
300 +
200 ~
100 -
8 2 3
o~ (=) (=)
0 T T T

Variants 1 2 3 4 5 6 7 8 9 10

The authors prefer the interpretation adopted by the Court in Szczecin,
because applying hourly indicator (Q,..) during calculatinos leads to
increasing the amount of fee, whereas annual indicator (Qp.yy,) reflects the
real level of the usage of water service. Moreover, exceeding annual (as well
as hourly) level of usage is liable to a fine (art. 476 item 1 of the new Water
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Law 2017, 11 SA/Sz 514/18). However, the absence of a uniform jurisdiction
of the Voivodeship Administrative Courts and interpretation of Art. 271 of
the amended Water Law (new Water Law, 2017) may lead to a chaos in the
interpretation of the amount of the fixed fee calculated basing on the Q,,.,
specified in water law permits issued under the repealed Water Law. Due to
that, the judgments of the Supreme Administrative Court will be decisive.

The analysis of the amount of variable fee for discharging rain water to
water depending on the adopted calculation variant (table 2) demonstrates
that the fee may vary to a significant extent, falling into the range from PLN
83 691 to PLN 430 755.

The base variant adopted for the purposes of this study was the case, in
which the amount of variable fee is calculated basing on the average amount
of rain water discharged to water annually (table 4). As not all water law
permits issued pursuant to the repealed legislation contain such information
(which is missing, e.g. in the analysed case of Strzelin (Decision of 2016)),
it became necessary to use the water low documentation (Siwulski, 2016).
The lowest values of the variable amount were obtained when it was deter-
mined basing on the annual average (variant 4) and daily average (variant 5)
amount of discharged rain water and snow water, although the difference
between variants 4 and 5 is only 0.2%. On the other hand, definitely the high-
est variable fee was obtained for variants 6 and 7, where it was calculated
basing on the rainfall intensity and the actual surface of the drained area
(table 2). For variants 6 and 7, the amount of the variable fee exceeds PLN
410 thousand/year, and it is, respectively, 4.5 and 5.1 times higher than in the
base variant. Still, it seems that these variants should not be applied, as only
some of the rainwater from the total area will be discharged to the collector,
while the rest will infiltrate to the ground or evapotranspirate (Liu et al,,
2010; Walsh et al,, 2012; Hasenmueller, Criss, 2013; Tokarczyk-Dorociak et.
al,, 2018; Zhang et al,, 2018). Using the actual size of the total area at a spe-
cific rainfall volume for calculations results in an amount of the fee for dis-
charging rain water and snow water to water that is disproportionately high
in comparison to the amount of water that is actually discharged.

A better solution consists in using the reduced size of the total area (var-
iants 8 and 9) that takes into account the runoff coefficient depending on the
type of the drained area (Thompson, 2006; Krélikowska, Krélikowski, 2011;
Kim etal., 2016; Szewranski et. al., 2018; Wang, Wang, 2018), and the amount
of discharged water calculated in this way is more similar to the actual
amount. In the analysed case, the amount of the variable fee calculated with
the use of reduced area (variants 8 and 9) will be approx. 4 times lower than
the fee based on the actual area (variants 6 and 7), but, respectively, 23.4%
and 29.3% higher than the base variant 4. For variants 6-8, the volume of
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rainfall plays a smaller, but still important role. The use of long-term period
rainfall (variants 6 and 8) result in a value of fixed fee that may be lower than
in the event of using the rainfall from the preceding year (variants 7 and 9) if
it was higher than the long-term average. For variants 6 and 7 the difference
is 23.6%, and for variants 8 and 9 by 5.9%.

It should also be noted that variants 6 and 8 refer to average long-term
data, which results in the fact that the variable fee will remain constant for
the whole validity period of the water law permit. What is important is the
fact that the variable fee should not remain the same for the whole period of
the water law permit. Such situation will occur as a result of applying vari-
ants 4, 5, 6 and 8, as they are based on the average values (variant 5 - Q,
variant 4 - Q,,) or on the average long-term precipitation (variants 6 and 8).
These variants should be put aside because they do not meet the “variability”
criterion. Additionally, it seems problematic to determine the number of
rainy days, which are not specified in the water law permit, and are often
missing from the statement of water management conditions as well. The
free choice of the relevant (closest) meteorological station to determine the
rainfall volume also seems questionable. The analyzed statement of water
management conditions for the city Strzelin used data from the Wroctaw sta-
tion, although station IMGW No. ID 95341 is located in Strzelin (Jawecki,
Burszta-Adamiak, 2014; IMGW-PIB, 2018). It seems more justified to use the
rainfall from the preceding year to calculate the amount of variable fee, as it
allows to set the fee for a near to actual amount of rain water and snow water
discharged to water, and the fee will vary in the subsequent years of validity
of the water law permit.

Table 4 presents the total annual amount (sum of the fixed and variable
fee) for discharging rain water and snow water to water. The intersection of
each column and row contains the total amount of fee constituting the sum of
the calculation variants. The total fee varies significantly in the range from
PLN 83731 (variant 3 + wariant 4) to PLN 433578 (variant 1 + wariant 7).
The comparison of the sum of base variants (1+4) with the amount of the
Marshall’s fee paid until 2017 allows to determine that the value of the latter
accounts for only 3.9% of the sum of base variants.

According to the analysis of the adopted base variants (table 2), the avail-
ability and scope of input data (table 3), the potential amount of the fee for
discharging rain water (table 4) and the statutory requirements concerning
the necessity of using data from water law permits (Art. 271, item 4, new
Water Law, 2017), it seems that some of the calculation variants should be
put aside. Variants 2 and 3 that constituted the basis for determining the Q..
value and the amount of the fixed fee result in significantly underestimated
fee amounts. However, if it is impossible to apply Q.. directly, it is recom-
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Table 4. Sum of the fixed and variable fee for discharging rain water and snow water to
water in the analyzed variants

Fixed fee
Variant 1 Variant 2 Variant 3

Variable fee
Variant 4 PLN 86514 PLN 83787 PLN 83731
Variant 5 PLN 86691 PLN 83964 PLN 83908
Variant 6 PLN 413838 PLN 411111 PLN 411055
Variant 7 PLN 433578 PLN 430851 PLN 430795
Variant 8 PLN 106093 PLN 103366 PLN 103310
Variant 9 PLN 111053 PLN 108326 PLN 108270
Variant 10 PLN 3386

Source; author's own work.

mended to calculate this value indirectly from Q. according to the inter-
pretation of the Voivodeship Administrative Court in Szczecin
(I SA/Sz 514/18). On the other hand, variants 6 and 7 lead to a significant
overestimation of the variable fee, as they do not take into account the infil-
tration and evapotranspiration of some of the rainwater. On the other hand,
variants 4 and 5 calculate the amount of variable fee based on the average
daily (Qq) or annual (Q,,) volume of discharged water, and as a result, the
variable fee becomes “fixed” for the whole period of the water law permit,
losing its “variable” characteristics. Variants 6 and 8 may be criticized simi-
larly, as they use the average long-term rainfall to determine the amount of
rain water and snow water discharged to water. Basing on the conducted
analyses it seems reasonable to suggest that the optimum method of calculat-
ing the fee for discharging rain water and snow water to water will be the
method specified in variants 1 and 9, where, for the analyzed facility, the total
annual amount being the sum of fixed amount in variant 1 and the variable
amount in variant 9 equals PLN 111053. It should be noted that in the ana-
lyzed case the amount of the fee due for water services connected with dis-
charging rain water and snow water to water will be 33 times higher than the
Marshall’s fee paid until the end of 2017 for discharging wastewater from
rain and snow to the environment.
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Conclusions

The conducted research allowed the Authors to formulate the following

conclusions:

1.

The water law permits issued under the repealed Water Law do not con-
tain all the information required by the amended Water Law that is nec-
essary to calculate the fee for discharging rain water and snow water to
water. Due to that, pursuant to the new legal regulations, there is a need
to use data from statements of water management conditions or data of
the Institute of Meteorology and Water Management to determine the
amount of the fee.

Only 36% of the analysed water law permits issued pursuant to the
repealed Water Law provided the information about maximum tempo-
rary amount of discharged rain water and snow water (Q,,,, in m3/s) that
enables to calculate the fixed fee for such water services directly.

8% of the analysed water law permits issued under the repealed Water
Law contained information about the annual average (Q, in m?/yr)
amount of discharged rainwater and snowmelt, while 40% contained
information about the daily average (Qq4, in m3/d) amount of discharged
waters, which enables to determine the variable amount for this type of
water services indirectly.

The analysis of variants, which were used for calculations, showed cru-
cial meaning of those variants while considering evaluation of aggregate
fee for discharging rain water and snow water. This may lead to underes-
timating or overvaluing the amount of fee or - in extreme cases - the
amount of the fixed fee can constitute 1,4% of a base variant or the
amount of the variable fee can be 5,1 times as big as the base variant.

As a result of using average values (Qq, Q,, H,,) to calculate the annual
amount of discharged rain water and snow water, the variable fee will
remain constant for the whole period of validity of the water law permit,
losing its “variable” characteristics, nevertheless it can change per every
year.

As a result of the differences in the scope and form of data (m3/s, m3/d,
m3/yr) related to the amount of the discharged rain water specified in
water law permits issued pursuant to the repealed Water Law will have
to develop a uniform methodology of calculating the fee for discharging
rain water and snow water to water for the whole country.

In the opinion of authors, it seems reasonable to use the method that uses
Qmax directly (fixed fee — variant 1) and the algorithm considering the
rainfall amount for the long-term period from the nearest meteorological
station as well as the reduced size of the drained area (variable fee -
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variant 9) to calculate the total fee for discharging rain water, because it
includes requirements related to the new legal provisions and it doesn’t
overvalue or underestimate the amount of the fee.
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holder value in the long term. This is a new way of looking at the organisation, i.e. that looks at how
innovation should be used for strategic advantage.

KEY WORDS: ecological innovations (eco-innovations), organization strategy
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Introduction

Changing economic conditions underscore the growing importance of
environmental protection. What's more, economic development often means
negative consequences for the environment, which with increasing concern
for the natural environment contributes to the growing need for eco-innova-
tions. The aim of these innovations is to reduce the burden on the environ-
ment by human activities (Oslo Manual: Rules ..). Together with these
changes, the natural environment degrades, which in turn leads to the crea-
tion of many barriers to economic development, and thus to changes in the
organization’s strategy. One of such changes is the application of eco-innova-
tions in the context of the organization’s strategy. In view of the growing pol-
lution and depletion of natural resources, currently ecological investments
are of interest to both researchers and decision-makers. In all (highly) devel-
oped countries it is emphasized that without the implementation of eco-in-
novations in the economy, it is not possible to effectively solve the growing
ecological problems.

The aim of the article is to indicate the essence and growing importance
of eco-innovations in enterprises’ operations as well as the achievable bene-
fits resulting from the use of eco-innovations. The study presents a theoreti-
cal review of selected aspects of ecological innovations and their analysis and
evaluation.

General characteristics of eco-innovations

The literature on ecological innovations is quite limited. What's more
important, due to the greater complexity and different hierarchy of objec-
tives an eco-innovation is largely different from innovation in the general
sense. The very concept of innovation is understood as introducing a new
commodity, a new production method, opening a new market, acquiring
a new source of raw materials or semi-finished products, and introducing
a new organization in a specific field of industry (Schumpeter, 1960). The
goal of innovation is to enable the dynamic development of the company.
Taking into account the ecological context of the management indicates that
ecological innovations are one of the key areas of economic activity that
meets the requirements of sustainable development.

Some of the exemplary definitions of eco-innovations presented below
show that they can take different forms in practice. The term “eco-innova-
tion” is anew concept. The prefix ‘eco’ comes from the word ‘ecology’, whereas
‘innovation’ means everything that is new. By eco-innovation, according to
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the classic definition, one should understand a new product that provides
value for the client and business, while significantly reducing the negative
impact on the environment (James, 2001). Eco-innovations can also be
defined as: “creating or modifying processes, products, techniques or meth-
ods of operation that are perceived as a new by given company and as being
progressive in a given field and leading to increased efficiency in the use of
resources at their disposal” (Penc, 1999, p. 102).

The aim of eco-innovations is to develop new products and processes
that significantly reduce the negative impact on the environment resulting
from human activity. Ecological innovations lead to integrated solutions that
aim to reduce the resources and energy inputs, which at the same time
improve the quality of the product and service. One of the methods of eco-in-
novation is technological innovation (Carley, Spapens, 2000). The study
assumes that ecological innovations are important for the organization’s
strategy, which can be understood as a changes in technology, organizational
structure and business management that reduce or prevent negative impacts
on the natural environment (Witkowski, 2008, p. 319). Ecological innovation
(product) is an innovation that integrates ecological features of the product
and technology throughout the entire life cycle (from “cradle to grave”), thus
distinguishing the product from the competing products. Its aim is to imple-
ment the requirements of “ecological quality” (Chodynski, 2003).

The Central Statistical Office examines the benefits of implementing
eco-innovation at the time of their introduction. (Activity.., 2010). As bene-
fits that arise during the production of a product or service, it lists:
¢ reduction in material consumption per unit of product,
¢ reduction of energy consumption per unit of product,
¢ reduction of carbon dioxide emissions by the company,
¢ use of less polluting or less hazardous materials for the environment,
¢ reducing soil, water, air or noise pollution,
¢ reduction of the share of energy obtained from fossil fuels in favour of

renewable sources,
¢ re-use (recycling) of waste, water or materials.

During the use of the product or using the service, the use of eco-innova-
tion allows:
e reduce energy consumption,
¢ reduce soil, water, air or noise pollution,
* improve the recyclables of the product after use.

In the literature, the most popular division of eco-innovations is the divi-
sion into (figure 1): product, process, organizational and marketing eco-in-
novations (Matejun, 2009; EIO..., 2013; Oslo Manual, Rules..., 2008).
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e Product eco-innovation, like the general category of innovation, is the
introduction of products or services that will help to better achieve envi-
ronmental goals. The main purpose of their introduction is to reduce the
consumption of materials throughout the product’s life cycle (that is from
the process of its production, through use to utilization after the end of its
usage life). This is made possible through the ability to repair products,
regenerate or use recyclable materials.

e Process eco-innovations involve the improvement or introduction of new
production technologies or new devices that serve to limit the negative
impact on the environment, e.g. reducing the energy consumption of
energy-efficient refrigerators.

¢ Organizational eco-innovations are changes in the company regarding
company organization and management, aimed at increasing ecological
awareness and implementation of eco-development, e.g. implementation
of the ISO 14000 environmental management system.

¢ Eco-innovations in marketing concern the introduction of a new market-
ing method in the company that draws attention to changes in the prod-
uct or packaging, distribution or promotion with particular emphasis on
ecological principles, e.g. eco-labelling.

ECO-INNOVATIONS

Product
eco-innovation
(products and
services)

Process
eco-innovations
(technigues and
instruments)

Organizational
eco-innovations
(organisation and
management)

Eco-innovations

in marketing
(eg. eco-tags)

Figure 1. The Division of Eco-innovations
Source: author's own work based on Matejun, 2009.

Innovative Strategies

Sustainable development of an economic entity is based on the premise
of strategic thinking. The concept of strategy is used to formulate a set of
long-term organizational goals and their modification depending on changes
taking place in its environment. The strategy is a set of coherent actions
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aimed at achieving a good competitive position. Organizations develop their
overall strategy and determine how various functions, such as marketing,
finance or R&D, are to support the implementation of this strategy. However,
they rarely use the strategy to reconcile innovative activities with their busi-
ness strategy (Pissano, 2015). The article assumes that the strategy is a man-
agement process, consisting of three stages: strategic business analysis, stra-
tegic planning and strategy implementation. Implementation of the strategy
is “a series of decisions at the tactical and operational level, deciding the key
problems in the field of investment, marketing, structures, procedures,
finances, which goal is to create conditions for the implementation of the
chosen strategy variant and ensuring the efficient course of its implementa-
tion” (Romanowska, 1996, p. 3). Organizations that do not have an innova-
tion strategy have little chance of successfully implementing innovations,
including eco-innovations.

Often, the reaction of enterprises to the changes taking place in the envi-
ronment and on the market are innovations. Therefore, they should be con-
sidered in various strategic areas, with particular emphasis on the environ-
mental management context, in accordance with the idea of sustainable and
long-term development. Currently, due to the growing preoccupation with
the protection of the environment and raising social environmental aware-
ness, the implementation of eco-innovation has become important and
desired essential and purposeful. Ecological innovations have been distin-
guished among innovations on the basis of domain and purpose, and, as a
result they constitute a specific group of innovations. Ecological innovations
are used to achieve the desired environmental effects by the company. From
the point of view of the company’s strategy, the effect is compliance with reg-
ulations, increasing profits (thanks to reduction of fees and environmental
fines) as well as improving the image of the company. From the tactical point
of view, the goal is to reduce the ecological risk, improve the functioning of
production processes, increase environmental efficiency, and better manage-
ment of resources. However, at the operational level, the quality of the prod-
uct or the implementation of the project objectives is important, e.g. the
development of an environmentally friendly product (Leszczynska, 2011).
Eco-innovations should be implemented in a well-thought-out way in accord-
ance with the company’s strategy. They can be an element supporting the
greening of management.

The basic division of the innovation strategy has been made on the basis
of the amount of expenditure on research and development in a given eco-
nomic entity. Six types of strategies in the sphere of research and innovation
activity are related to this (Freeman, 1982):
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¢ The offensive strategy is aimed at achieving the leading position through
innovations consisting of the introduction of a new product and improv-
ing the functional features of existing products. The strategy must be
based on one of the following factors or a combination of them: contacts
with representatives of special knowledge or having their own research
facilities.

¢ A company that uses a defensive strategy does not seek to gain a leading
position in the production of a new product or the use of a new method,
but at the same time does not lag far behind the wave of technical innova-
tion. A defensive strategy, like an offensive one, has an active attitude
towards innovation. A company using this strategy follows the leader
with some delay, because he believes that it will keep him from mistakes
and allow him to take advantage of the market opening for new products
and even take over part of the market by introducing a new product sub-
stitute (at least as good as the initiating product).

¢ The imitating strategy consists in following the producer using the offen-
sive strategy, and often with a long delay, depending on the specific condi-
tions in which the imitating company or the entire industry operates. The
activity is based on the relatively quick implementation of other people’s
solutions. Patents are not an important element as in the previous strate-
gies. The imitator can achieve an advantage with lower costs.

¢ The dependent strategy is also known as the satellite strategy and stands
that the company adopts the function of a cooperative or in some other
way subordinated (or satellite) role to the stronger producer. Its own
R&D works play here a very minuscule role. A company using this strat-
egy does not try to imitate or initiate changes made by others. The co-
operator will use technical services or plan production of his partner.

e The product produced as part of a traditional strategy changes little or no
at all. The company usually adopts this strategy when, in his opinion,
there is no reason to change the product, because it is neither demanded
by customers nor forced by the competition. This situation can only lead
to product improvement through innovations that better meet the needs
of customers.

* The opportunistic strategy is based on the skilful exploitation of a certain
gap which has occurred in the ever changing sphere of production and
which has not been yet fulfilled by someone else. The gap allows the first
one to discover and fulfil it to prosper for long. The strategy is based on
intensive research and development works and striving for product
changes or methods of its production, but first of all on good scientific
and economic information, long-term planning and entrepreneurship.
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Innovative actions, without innovation strategies, will only be a set of
activities or best practices. The organization’s ability to innovate is closely
related to the existence of an innovative and coherent system consisting of
processes and structures that define:
¢ how the company looks for solutions,
¢ how it turns ideas into a business strategy,
¢ how he chooses solutions for implementation.

Innovative actions, without innovation strategies, will only be a set of
activities or best practices. The organization’s ability to innovate is closely
related to the existence of an innovative and coherent system consisting of
processes and structures that define:
¢ How will innovation create value for potential customers?
¢ How will the company capture a share of the value its innovations gener-

ate?

¢ What types of innovations will allow the company to create and capture
value, and what resources should each type receive?

The map of innovation can help to create innovation strategies (see figure
2). Innovation is seen here along with two dimensions: the degree to which
innovations entail changes in technologies and the extent to which they influ-
ence the business model. By creating an innovation strategy, organizations
get the choice concerning how much to focus on technological innovation
and how much to invest in innovation within their business models.

The Matrix shows how a potential innovation fits the company’s business
model and its technical capabilities and can help in deciding what categories
of innovation to choose. The business model identifies four categories of
innovations (Pissano, 2015):
¢ routine innovation, which is based on the existing technological compe-

tences of the company and fits in with the existing business model,

¢ disruptive innovation, which requires changes in the business model, but
does not necessarily demand technological changes,

+ radical innovation, which is the opposite of disruptive innovation, thus it
does not require changes in the business model, but requires technologi-
cal changes,

¢ architectural innovation, which requires changes in both the business
model and technology.

One of the significant distinguishing factors of innovative strategies is the
Ecological Criterion. This criterion takes into account human values and
should be considered together with the other criteria. Since ecological inno-
vations are considered one of the most important elements of the strategy of
all enterprises, it is justified to present the typology of innovative develop-
ment strategies (table 1). It shows that there are specific connections between
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particular types of innovation strategies. Including innovation strategies in
the company’s strategy helps to focus efforts on building the foundations for
the future position of the company.
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Figure 2. The Innovation Landscape Map

Source: Pissano, 2015.

Conclusions

REQUIRES NEW TECHNICAL COMPETENCES

The ecological management relies on introducing ecological aspects into

the management strategy of the enterprise. The complexity and uncertainty
associated with the implementation of eco-innovation pose a major chal-
lenge to the strategic management of companies involved in the development
of environmental innovations. An important element of the business strategy
is the selection of strategies for acquiring innovation, because it can deter-
mine the result of innovation in the field of environmental protection.
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Table 1. Typology of innovative development strategies

Classification criteria  Types of strategies Characteristics

. _— Product, process, organiza-
Innovation objectives P g

New products, new functional features, new processes, modernisation of
old processes, implementation of new organisational systems, increase

tional ) .

in management efficiency.
R&D Development of own R&D base, cooperation with external R&D units.
Purchase of licences Purchase of domestic and foreign licences.

Factors of innovation

Training of workers ing the innovation cycle.

Creating one’s own intellectual potential, occasional education, shorten-

Ways of implementing _Pioneering Insulated, bonded, market leader.

innovation Imitating Insulated, bonded, market leader.

Cost reduction

Reduces costs at the manufacturer's and operating costs at the custom-

. er's site.
Reference to environ-
mental problems Improvement of quality Production of organic products.
Ecologization Ecologization products, processes, packaging.
Customer education
. Permanent education, occasional, constant contact with the customer,
Market Searching for new markets

Maintaining old markets

convenience in purchasing consumer goods, shares of “eco” products.

Source: Biafor, 1999, p. 21.

The dynamic changes currently taking place in the environment and mar-
kets, the growing globalization processes and the rising social and ecological
requirements result in the more and more frequent involvement of economic
entities in pro-ecological activities. Eco-innovations are the response to these
changes.

The contribution of the authors:

Jolanta Pakulska - 50% (concept and objectives, literature review, research etc.).
Matgorzata Rutkowska - 50% (concept and objectives, literature review, research etc.).
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ABSTRACT: In the process of tree stand parameter estimation based on data from airborne laser scan-
ning ALS, the detection of a single tree is an important starting point.

The aim of this work is to develop optimal values of parameters in the process of detection of tops and
segmentation of stands on the basis of ALS data analysis. The research was carried out on the basis
of ALS data from raids carried out in 2007 and 2017 on a fragment of the Zajma forest district in the
Zednia forest inspectorate (north-eastern Poland). Parameters analyzed included: Ground Sampling
Distance [m], the level of smoothing of the Canopy Height Model (CHM) with the Gaussian filter (the
size of the moving window, the value of standard deviation), the filtration of the output point cloud, as
well as the application of the additional interpolation algorithm CHM based on the analysis of raster
cells neighborhood.

The research has shown that it is possible to indicate detection parameters that ensure a very high
correlation between the number of automatically detected treetops and the number of trunks found
during fieldwork. Importantly, the optimal detection parameters developed for remote-sensing materi-
als from the years 2007 and 2017 differ slightly, which ensures generally high accuracy of ALS data
and the possibility of implementing the values of these parameters in other research objects.
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Introduction

Forest management as a field of science deals with the knowledge of
environmental and economic features of forest production - combining the
achievements and knowledge of forest management, forest protection, and
use as well as geomatics, nowadays strongly supported by remote sensing.
In the area of practical applications, forest management deals with the organ-
ization of the production process in a forest holding and the development of
forms that ensure a constant increase in the productivity and social utility of
forests. In the area of practical applications, forest management deals with
the organization of the production process in a forest holding and the devel-
opment of forms that ensure a constant increase in the productivity and
social utility of forests. Forest management serves to improve the technique
of organizing production over usually ten-year periods and includes it syn-
thetically for each forest inspectorate in a project for all economic activities,
known as the Forest Management Plan (FMP) (Molenda, 1980).

The key issue in the management planning process, and especially in
forecasting the development of resources in a very long period of time, is the
accuracy of estimation of several dozen stand parameters, and among them,
the most important — forest stand volume and their growth in the period
under study. The accuracy of their determination directly influences the
results of modeling the development of resources in the planning period and
thus the possibility of using forests in the scope safe for their sustainability
(Dawidziuk, Zajgczkowski, 2013). The current inventory of forest resources
supported by remote-sensing techniques is based on the use of traditional
methods based on instrumental measurements and visual estimation aimed
at collecting information on each stand (stand description) in the basic spa-
tial unit, which is the forest division (or subdivision). In this context, particu-
lar importance shall be attached to the obtaining of as precise data as possi-
ble on stand volume in any spatial unit e.g. division or forest area (growing
stock) or unit of area e.g. 1 ha (volume). Especially in recent years, in the area
of instrumental methods of measuring environmental features, technological
progress provides modern tools enabling remote and very fast measurement
of many features of forest phytocenosis. These include Airborne Laser Scan-
ning (ALS), which makes it possible to collect information in a short time and
for very vast areas, which corresponds to the production conditions in the
State Forests holding SF and the needs of forest management in Poland. The
confirmation of this fact is reflected in the national (Zawita-NiedZwiecki et
al., 2008; Myszkowski, Ksepko, 2010; Zasada et al., 2011; Stereniczak et al.,
2018) and foreign literature (Hyyppa et al., 2006; Vastaranta et al,, 2011; Yao
etal,, 2012; Hayashi et al,, 2015). At the same time, the availability of tools for
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data acquisition, analysis and ready-made sets of data collected for other
purposes (IT System of the Country’s Protection against extreme hazards,
[SOK) is constantly improving on the domestic market. In the current Forest
Management Manual (IUL, 2012) there are no provisions regulating the pos-
sibility and method of using ALS data for the estimation of selected stand
features. Therefore, it is necessary to conduct intensive research on the pos-
sibility of using the data obtained remotely in the forest practice in Poland,
which allows to optimize the economic aspect of forest management work
and to conclude on the impact of the use of objective instrumental data on
the planning of human activity and the quality of functioning of the forest
environment in the country.

Precise determination of selected stand features allows for more precise
planning of their use or protection. This is important for all strategic deci-
sions related to forest environment management in Poland and worldwide,
including those directly related to their economic dimensions. The aim of this
worKk is to develop optimal values of parameters in the process of detection
of tops and segmentation of stands on the basis of ALS data analysis.

/' LEGEND

j Sample plot from inventory:
® 2007 [52 5P]
'''' LTHLNE r © 2007 (14 5P removed]
o U/« 2017 oz sP)
studly area

Zednia forest district

Figure 1. The location of the studied area and location of sample circular surfaces inventoried during field

works of stages I and Il of the experiment
Source: author's own elaboration based on Open Street Data.
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Study area

The research was carried out on a selected fragment of the Zajma forest
district in the Zednia forest inspectorate, located in north-eastern Poland and
within the range of the Regional Directorate of SF in Bialystok. The research
area is located within the range of a large forest complex of the Knyszyn For-
est and covers a total area of 51 km?, which constitutes more than half of the
area of the forest district. The location of the research area against the back-
ground of the administrative division of the SF is presented in figure 1
together with the location of sample plots SP from field inventory part of
experiment. The characterized area was the subject of a 2-stage scientific
experiment aimed at determining the possibility of remote acquisition of
data on forest environment, including information on the growing stock vol-
ume and growth of stands. In 2007 the first stage of the experiment was car-
ried out, which was then continued in 2017 (stage II).

Research methods

The study used remote sensing materials and other spatial data, as well
as data collected during the field inventory works carried out within the two
stages of the project. The main source material in this analysis were ALS
point acquired in 2007 and 2017 (table 1). The remote data acquisition was
carried out twice at an interval of ten years and there was a significant tech-
nological progress within this period of time, but result point clouds are
characterized by similar high density. However point cloud density of
remote-sensing material used can have reflection in differences in optimal
values of tree detection parameters.

Table 1. The comparison of selected characteristics of ALS data from 2007 and 2017

Feature Point cloud - 2007 Point cloud - 2017

Flight date August 2007 August 2017

Scanner model Optech ALTM 3100 Riegl LMS-Q680i

Plane model Cessna 404 Cessna 402

Number of registered returns 820,97 min pts 1178,27 min pts

Scanning density 14,08 pts/m2 19,64 pts/m2

Number of registered returns 4 discrete returns Full-waveform registration

Source: author's own work.
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In both missions, simultaneously with scanning, aerial photos in the visi-
ble and spectro-zone range were obtained, from which orthophoto maps in
CIR (ColorInfraRed) and RGB (RedGreenBlue) compositions were generated.
The intensity of laser beam reflection (intensity channel) was also recorded
and RGB values were assigned to points in the point cloud on the basis of CIR
photos. The obtained point clouds, apart from the different character of the
return wave recording, also differ in scanning density (table 1). The raw LAS
data has been classified using Terrascan software from TerraSolid package in
accordance with the ASPRS standard. Apart from remote sensing materials,
the study also used data collected in the SILP SF system (LAS module), as well
as data from a soil and settlement study by BfFMaG in Bialystok concerning
trophic differentiation of habitats and forest soils of the studied area.

In the context of research carried out in this work, reference data col-
lected on SPs during the fieldwork of stages I and II of the experiment are the
carrier of, particularly important information. In this respect, a wide range of
information has been collected on individual trees located within circular
SPs, such as the location of trees (x, y coordinates), species, diameter at
breast height DBH, height relative to the ground, height of the base of the
crown, visibility, health and other additional information. Among these key
parameters for the survey are: GPS stabilized geodetic location of the plot
center and coordinates of individual tree trunks, their species affiliation, vis-
ibility of the tree top, as well as natural disturbances observed on the sample
plot, i.e. tree crowns with multiple tops, which may result in an incorrect
number of trees detected by the algorithm on the SP.

In the first stage of the experiment (2007), a total of 52 circular SP with
aradius of r=20 m (n=7) and r=25m (n=45) were established. On 47 Sps the
dominant species was the pine, while on 5 SPs the dominant component was
the spruce. The determinants for the selection of the size of SP were the ver-
tical structure and age of the stand, as well as the possibility of the measuring
equipment used, based on the use of the ultrasonic signal. On the analyzed 52
plots a total of 5485 trees were measured, of which 4268 were a component
of the upper floor (trees with visible tops) (Myszkowski et al., 2009).

In the period from January to the end of March 2018, field works of stage
II of the experiment were carried out. The SPs established during the stage I
of the project have been revisited (38 z 52 SPs on which no treatments, e.g.
thinning, were carried out in the last 10 years). Pine pine in subclasses IIb to
Vlla was the dominant species on 37 SPs, while spruce in the age of Vlla dom-
inated on 1 SP. Apart from the repeated 38 SPs from of stage I of the experi-
ment, additional 102 SPs were selected. The main criteria in the selection of
their location were the prevailing species and its bonitation (as an indicator
of the use of trophic properties of habitats). The aim was to locate circular
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areas in groups of the most numerous stands, characteristic for the Zajma
forest district in the Zednia forest inspectorate. Among these areas, the most
numerous representations are the areas where the dominant species was
pine (53 SPs). The next position is taken by SP with the dominant spruce
(24 SPs). The remaining 25 SPs included stands not included in the stage I of
the project (with black alde., birch and oak.), including stands typically for
hydrogenic habitats (alder trees of I and II class of bonitation). In stage 11
a reduced radius of SP was adopted (in relation to stage I). The radius was
calculated according to the methodology contained in the IUL, by one age
class upwards than according to SILP-LAS data.

Out of 38 SPs from the first stage of the experiment with a radius of 20-25 m,
a total of 5149 trees were inventoried, of which 929 (18.04%) were removed
as aresult of economic operations and natural phenomena, while 964 objects
(18.72%) are trees which in the last decade reached the minimum DBH of
70 mm, adopted in the IUL (ingrowth). Out of the 4220 trees of the 38 SPs of
stage I, 2699 (63,95%) were classified as trees with a visible top. On 102
sample plots established additionally in the second stage of the experiment,
a total of 2357 trees were inventoried, of which the most numerous group
was spruce in the number of 1159 occurrences (49.17%) and pine in the
number of 682 trees (28.94%). In this case of trees with full top visibility,
1425 trees were recorded, which constitutes 60.46% of all observations.
To sum up, the total number of trees with top visible in remote sensing,
on 140 circular plots of the first stage was 4124 (62.70% of trees).

Selection of optimal (closest to field observations) parameters for tree
crown segmentation and tree top detection process depends on selected fea-
tures of stands, which include the dominant species and its age class. Taking
into account the characteristics of data collected during the fieldwork of
stages [ and II of the experiment, it was decided to list 7 species-age catego-
ries for which the optimal range of detection parameters will be indicated:

e category 1 a - pine in age classes up to I1Ib (< 60 years),

e category 1b - pine trees in age classes [V-V (61-100 years),

e category 1 c - pine in age classes VI and above (>100 years),

e category 2 a - spruce in age classes up to IV (< 80 years),

e category 2 b - spruce in age classes V and above (>80 years),

e category 3 a - deciduous species in age classes up to IV (< 80 years),

s category 3 b - deciduous species of age classes V and above (>80 years).

This automatic procedure was performed within 52 SPs of stage I with
the use of the point cloud obtained in 2007, while the remote-sensing mate-
rial from 2017 became the basis for the implementation of the process within
140 SPs of stage II, in accordance with the diagram in figure 2. The selection
of optimal parameters consisted in consideration of the influence of various
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conditions having a potential impact on the correctness of tree crown seg-
mentation and tree top detection, to which they were included: Ground Sam-
pling Distance GSD [0.3-0.7 m, with a pitch of 0.05 m], the level of smoothing
of the Canopy Height Model (CHM) with the Gaussian filter depending on the
size of the moving window (1x1, 2x2, 3x3, 4x4 pixels) ang the standard devi-
ation value (1, 2, 3), the filtration of the output point cloud (the filtration of
single or first of many returns or all returns), as well as the conducting addi-
tional 2-stage interpolation of empty cells within the CHM on the basis of
raster cell neighborhood analysis. In the case of Gauss filter smoothing,
option 0, assuming no smoothing, was also considered.

Filtered and
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¢ Normalization i normalized g |
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Figure 2. The flow chart of tree tops detection and tree crown segmentation with input data and with
the indication of calculation environments

Source: author's own work.

The procedure considered a total of 351 parameter configurations within
each species-age category, in three variants:

e VariantI - consideration of all point returns with the use of single empty
cell filling within CHM.

e VariantII - consideration of single or first of many point returns with the
use of a proprietary algorithm of 2-stage interpolation of empty cells
within CHM on the basis of pixel neighborhood analysis.

e Variant III - consideration of all point returns with the use of the propri-
etary algorithm of 2-stage interpolation of empty cells within CHM on the
basis of neighborhood analysis.

The starting point for this analysis was the extraction from a point cloud
within the range of SPs. The point cloud was cut with polygons representing
circular surfaces with a radius of 1.5 times the radius of individual SPs. This
approach was aimed at minimizing the boundary effect and avoiding errors
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in the segmentation process in the boundary zone of SPs. Remote sensing
material prepared in this way was subjected to the process of normalization
of height in relation to the ground surface. The calculations were performed
directly on the input point cloud in RapidLasso’s LASTOOLS software, which
allowed the transformation of above sea level coordinates to relative alti-
tudes (relative to the ground surface, the height of which was reduced to 0)
(figure 3).

Figure 3. The cross-section through point cloud before (top) and after normalization
process

Source: author's own work.

In the next step, the normalized point cloud was filtered in order to opti-
mize the tree detection process by removing the redundant output data for
further calculations. It was assumed that the threshold height for distin-
guishing the tree layer from the lower vegetation layer is 2 m. The remaining
points were removed from the cloud.

The next stage was the construction of CHM as a result of the conversion
of points height in the cloud to a raster with a spatial resolution appropriate
for the considered species-age tree stand category. The resulting picture ele-
ment value was assigned a relative altitude value based on the point repre-
senting the maximum height. In such CHM, empty cells may appear (without
altitude value) in the absence of at least one point return. This phenomenon
occurs in areas where the point cloud is characterized by a lower density
parameter and in stands with visible defoliation due to pathogenic factors.
In this paper, two ways of solving this problem have been applied. The first
one is to fill single empty cells with the average height of its closest 8 neigh-
bors. The second method is the application of a computational model devel-
oped in the Model Builder ESRI environment for the needs of the presented
method, consisting of 2-stage interpolation of CHM on the basis of an in-depth
analysis of the neighborhood (figure 4). The main assumption in the con-
struction of the calculation model was to avoid the phenomenon of artificial
“growth” of tree crowns in the edge zone of the crown. This is particularly
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important in the case of the later use of the developed crown models for the
analysis of gaps in stands or in the calculation of tree crown biomass for the
purpose of forest fire protection (Inan et al., 2017).

Figure 4. The comparison of CHM on a selected surface: A — non-interpolated model; B — CHM with closed
single cells; CHM - subject to 2-stage interpolation

Source: author's own work.
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Figure 5. The result of the automatic process of crown segmentation and detection of tops
in stands with common pine in age class (IV-V)

Source: author's own work.
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Crown models without empty cells were smoothed with a Gaussian filter.
They were then subjected to the process of tree crown segmentation and tree
tops detection with the use of an inverted watershed algorithm. The result of
this operation is a vector layer of local extremes of the height of the crowns
model (identified with tree tops) and a raster image presenting the range of
crowns. At the final stage, on the basis of the CHM generated directly from the
filtered and normalized point cloud, the height values assigned to the tops of
trees from the smoothed CHM were corrected. The aim was to avoid under-
estimation of the height of individual trees in further analyses, e.g. related to
estimating the growing stand volume. The result of an exemplary, automatic
tree detection and crown segmentation in a stand with pine trees in age
classes 60-100 years is presented in figure 5.

Results of the research

The selection of optimal parameters of tree crown segmentation and
single tree detection was carried out through comparative analysis of the
number of detected treetops in relation to the actual number of trunks in the
field inventory. The criteria for the selection of optimal parameters were: the
ratio of the number of tree tops identified remotely to the number of tree
trunks with a visible top within the range of the sample plots [%)], as well as
the coefficient of determination of the model of relations between these val-
ues within each of the analyzed species-age categories. The analysis assumes
that the optimal solution will be characterized by no more than 10% absolute
detectability of the number of trees.

Analyzing the results of the automatic detection process on the basis of
remote sensing data from stage I of the experiment, where only categories
representing coniferous stands were analyzed (categories 1 a, 1 b, 1 ¢, 2 b),
it can be concluded that 15.81% of the detection variants are optimal solu-
tions. The highest number of optimal occurrences was found in categories 1 b
(23.08%) and 2 b (17.66%), while the lowest number of such solutions was
found in category 1 c (9.40%). Considering the variants including initial fil-
tration of the point cloud and additional interpolation of the crown model,
it can be stated that in the case of stands with the prevailing pine trees, auto-
matic detection was the most effective when using variants I1I (38.13%) and
II (36.88%). In relation to stands with the prevailing spruce, the highest
number of occurrences of the optimal solution was recorded with the use of
variant II (41.94%).

In addition, it can be concluded from the results obtained that, in general,
the highest number of optimal solutions occurs in the pixel size range of
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0.40-0.55 m (figure 6), although these relations are less pronounced than in
the case of stage Il data. In the case of the smoothing level with the Gaussian
filter, there is a clear decrease in the number of optimal solutions as the size
of the smoothing window increases. This trend is particularly noticeable in
the case of pine in category 1 a, where optimal solutions are only found in the
size range of the smoothing window 1x1 and 2x2 (figure 7).

N W s o o

number of occurrences
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pixel size [m]

mla mlb mic m2b

Figure 6. The number of occurrences of the optimal solution in particular species-age
categories depending on the pixel size based on data from stage |

Source: author's own work.
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Figure 7. The number of occurrences of the optimal solution in particular species-age
categories depending on the smoothing level with the Gaussian filter on the basis
of data from stage I

Source: author's own work.
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On the basis of the analysis of the results of the segmentation process,
carried out on the basis of LiDAR data from stage II of the experiment, it was
found that the total number of optimal solutions constitutes 13.31% of all
cases. The highest percentage of optimal solution occurrence was recorded
in categories 1 b (21.65%) and 3 a (17.09%), while the lowest number of
such occurrences was recorded in the case of the category representing
younger age classes with the prevailing spruce (category 2 a - 4.84%). On the
other hand, comparing three variants related to point cloud output filtration
and the application of different approaches to additional interpolation within
the CHM, it can be stated that in the context of the applied data, the best
results were obtained using the proprietary algorithm of 2-stage CHM inter-
polation. Of all optimal solutions, 39.14% concern this variant. A large num-
ber of occurrences at the level of 34.86% was also noted in the case of the
variant assuming no filtration of the reflection character and filling of single
empty cells in the crown model. In the case of variant I, assuming filtration
of single or first point returns with the use of 2-stage interpolation, 85 opti-
mal solutions (25.99%) were obtained. This can be explained by a lower den-
sity of points from which the CHM is built, which results in worse detection
results as a result of the presence of empty spaces in the CHM.

: ‘I || ||
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number of occurrences

5 0,50 0,55 0,60 0,65 0,70
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Figure 8. The number of occurrences of an optimal solution in particular species-age
categories depending on the pixel size based on data from stage |l

Source: author's own work.

Figure 8 presents a comparison of the number of occurrences of the opti-
mal solution in particular species-age categories of the analyzed stands
depending on the used pixel size. On the basis of the analysis of the contents
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presented in this figure, it can be stated that the highest number of optimal
solutions occurs in the pixel size range of 0.40-0.55 m, while characteristic
relations can be noticed.

Larger pixel sizes (especially in the case of coniferous stands) cause the
underestimation of the total number of trees, which is caused by the over-
generalization of CHM. On the other hand, pixels in the 0.30-0.35 m range
require a high-density point cloud (>25 points/m2), otherwise, these sizes
tend to overestimate the results. Another characteristic feature of the pre-
sented distribution is the tendency to increase the pixel size with the age of
the stand, as well as the fact that in the case of deciduous stands the use of a
larger pixel size gives better results (20.60 m), while coniferous stands have
different characteristics. On the other hand, when analyzing the influence of
the smoothing level with the Gaussian filter on the correctness of detection,
it can be stated that the variant assuming no smoothing is definitely not
applicable, leading to a significant (max. 400%) overestimation of the
obtained results. Moreover, a general tendency can be stated that with the
increase in the degree of smoothing expressed by the size of the window in
pixels, the quality of detection decreases in the case of coniferous stands. The
opposite is true for the analysis of deciduous stands in higher age classes

(figure 9).
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Figure 9. The number of occurrences of the optimal solution in particular species-age
categories depending on the degree of smoothing with the Gaussian filter on the
basis of data from stage I

Source: author's work.
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A total analysis of all variants of automatic detection parameters allowed
to indicate proposals for specific sets of parameters on the basis of which the
final process of crown segmentation and tree tops detection is the closest to
the data obtained directly in the field. When selecting these parameters,
apart from the degree of tree detection [%], the values of the determination
coefficient determined on the basis of comparison of the number of tops
detected automatically to the number of trunks inventoried in the field in the
SPs for particular species-age categories (table 2) were also taken into
account. The indicated optimal detection parameters reflect the previously
indicated conditions concerning the influence of the species (coniferous and
deciduous stands) and its age on the selection of these parameters. On the
basis of the comparison of the selection of optimal detection parameters
developed for the data from the first and second stage of the experiment, it is
characteristic that in the case of the data from the stage I, a larger raster cell
of the CHM and a lower smoothing level is generally recommended. This
trend may be justified by a lower point cloud density in 2007.

Table 2. Summary of proposed (optimal/expected) sets of detection parameters, taking into account the
specificity of ALS data from Stage | and Il of the experiment

Point cloud EI Point cloud Ell

Cat.

Detection parameters R2/detection

H 1 0y
of trees [%] Detection parameters R2/detection of trees [%]

Ta  Variant[; 0,50 m; G1x7;std 1 0,96/100,06 Variant I1l; 0,40 m; G2x2; std 1 0,98/100,31
b Variantlll; 0,55 m; G1x1; std 2 089/100,07 Variant Il 0,45 m; G2x2; std 1 0,98/101,65
1c  Variantlll; 0,50 m; G1x1; std 3 096/101,84 Variant |11 0,65 m; G1x1; std 3 0,94/96,26
2a - - Variant 111 0,45 m; G1x1; std 2 0,77/91,43
2b  Variantll; 0,55 m; G3x3; std 1 0,88/97,06 Variant |11 0,45 m; G3x3; std 1 0,78/99,48
3a - - Variant 111 0,45 m; G4x4; std 1 0,79/99,49
3b - - Variant 111 0,55 m; G4x4; std 1 0,21/106,43

Source: author's own work.

Taking into account the data presented in table 2, the process of treetop
detection and crown segmentation within 140 SPs on remote-sensing mate-
rial from stage Il was again performed. The results are very promising. On
4124 trunks inventoried on trial surfaces in the field, the automatic segmen-
tation algorithm indicated the occurrence of 4125 tops. Figure 10 compares
the number of tops detected remotely with the number of trunks measured
in the field.
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Figure 10. Comparison of the remotely detected number of treetops against the number
of tree trunks from field inventory in the spatial extent of 140 circular plots from
stage 2 of an experiment

Source: author's own work.

Comparing the results obtained on all 140 SP, the determination coeffi-
cient is very high at the level of R2 (0.97), which indicates a very high match-
ing of automatic detection results with empirical data collected on SPs.
Slightly weaker relationships were observed within 102 circular surfaces
established in the second stage of the experiment (surfaces with a radius r in
the range of 5.64-12.62 m). In this case, the determination coefficient R2=0.42
was obtained and after the rejection of areas with the prevailing deciduous
species the coefficient increases to 0.49. The mean absolute MAPE (Mean
Absolute Percentage Error) was recorded at the level of 22.17% (102 areas of
stage II) and 8.26% (38 areas of stage I) (table 3). It can be concluded that the
detection algorithm was wrong by an average of 6 tops (with the average
number of trees detected in the field at the level of 70) within 38 circular
sample plots of stage I and by an average of 3 tops (the average number of
trees on the plot - 14 items) in relation to 102 plots.

The highest absolute percentage error was obtained at the level of 340%,
(22 tops detected automatically in relation to 5 trunks found in the field) on
the circular surface with the prevailing pedunculate oak in the age class Vb.
It was a specific area on which spreading crowns formed a heterogeneous,
very variable area, extremely difficult for the segmenting algorithm. On other
plots with oak (in younger age classes) the results obtained were much bet-
ter, with an average absolute percentage error of 22.80%.
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Table 3. The summary of basic metrics showing the conformity of the automatic detection
process in the different trial categories of circular surfaces

sample plot category

Metric 2 02. coni- .
all El 38 Ell 102 (coni- decidious

ferous) ferous
Minimum absolute percentage error 0,00 0,00 0,00 0,00 0,00 0,00
Maximum absolute percentage error 340,00 28,21 340,00 183,33 183,33 340,00
Mean absolute percentage error 18,39 8,26 2217 19,48 15,67 29,29

R2 097 092 0,42 0,49 097 0,51
Mean tree count (field inventory) 29,46 69,68 14,48 14,78 33,00 13,68
Mean detection error [tree tops] 5,42 5,75 3,21 2,88 517 401

Source: author's own work.

Conclusions

On the basis of the results obtained, it can be concluded that laser scan-
ning techniques (LiDAR) are very useful in detecting trees with visible tops
(trees of the upper floor and visible trees of the lower floors), which confirms
the results of the work of other research teams. Precise determination of the
number of trees in the upper floor is a key element in the economic use of
stands, as practically the entire volume of wood is concentrated in this part
(Stereniczak, 2013). The purpose of this work has been achieved. The results
obtained indicate that it is possible to select a set of detection parameters
that provides a very high fit to empirical data, with a coefficient of determi-
nation greater than 0.90, which in general is a better result compared to sim-
ilar studies conducted in this field (Hyyppa et al., 2001; Persson et al.,, 2002;
Koch et al,, 2006; Kaartinen, Hyypp4a, 2008; Tompalski et al., 2009; Wang et
al., 2008; Myszkowski et al., 2009; Wezyk et al., 2010; Stereniczak, 2013). It
has been shown that there is more than one optimal solution from the point
of view of the selection of several important parameters, which reduces the
risk of errors resulting from not carrying out earlier calibration works and
uncritical assumption of parameter values. The conducted research also indi-
cates that the optimal values of detection parameters differ slightly depend-
ing on the characteristics of the remote-sensing material used. In this case,
the higher density of the point cloud makes it possible to use a smaller cell
size of the raster cell for the construction of CHM. This fact significantly
extends the possibility of using laser scanning data in historical analyses
(data reanalysis) or in studies based on data of unknown accuracy.
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The conducted research also indicates some solutions from the point of
view of the problem of selecting the size of the sample area so as to minimize
the cost of fieldwork and at the same time ensure the representativeness of
the research. It is worth mentioning that apart from increasing the radius of
analysis (1.5 radius), no special measures were taken in the study to reduce
the impact of the boundary effect. Such a state of affairs may be influenced by
several factors of different nature. The first factor is the significantly reduced
size of test surfaces (in comparison to the inventory from stage I), which
means that the accuracy of the obtained results is more influenced by the
boundary effect resulting from the higher values of the ratio of circumference
to test surfaces of circular surfaces (figure 11). In addition, on smaller circu-
lar areas, far fewer observations are recorded (sample size), due to a drastic
increase in the circular area from a radius of approx. 15 m. With a smaller
circular area, the effect of the measurement error of the position of the centre
of the circular area may be more pronounced.
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Figure 11. The relationship between the ratio of circumference and surface values on
circular surfaces depending on the size of the radius of the circular surface

Source: author's own work.

The proposed methodology can be successfully applied for the automatic
detection of treetops and crown segmentation in large areas (e.g. a range of
the entire forest inspectorate covered by the forest management plan). The
results obtained in this way can be an important starting point for other
studies of different aspects of forest management, including those related to
its economic, social or protective dimension.
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Introduction

Very important for the proper development of the agricultural produc-
tion space and the possibilities of effective management is the development
of the proper area structure of farms, as well as the land distribution within
these farms. The means leading to this purpose are consolidation and inter-
change work. In Poland, the related issues are regulated by two legal acts,
which are: the Act on Merging and Exchange of Lands and the Act on Real
Estate Management.

The rank of problems concerning the shaping of the area structure of
agricultural land and the land distribution and their impact on the efficiency
of management are perceived by many researchers, which is reflected in var-
ious publications on this subject. As examples, mention may be made of such
studies as: (Harasimowicz, 2001; Sobolewska-Mikulska, Putecka, 2007; Sza-
franiska, 2011; Wierzchowski, 2007; Woch 2007).

In any case, the starting point for planning the consolidation work should
be the assessment of the current area structure of farms, which allows assess-
ment of needs and opportunities in this area. This problem was analyzed,
among others by the authors of this article at work (Kobryn, Tekien, 2016),
the subject of which was to identify the needs and possibilities in the field of
consolidation works in the Moniecki county, located in the Podlaskie District.
Among other studies dealing with this type of issues, mention may be made
in works: (Banat, Janus, 2002; Gniadek, 2013; Jedrzejek et al., 2014; Len,
Noga, 2010; Len, 2013).

An inseparable element of research aimed at optimization of spatial
structures in rural areas are analyses and methodological proposals concern-
ing the development of procedures and tools to facilitate solving problems
related to the planning of consolidation and changeover works. Various pro-
posals in this area have been described, among others in the works: (Ayranci,
2009; Cay, Iscan, 2006; Harasimowicz et al., 2009; Janus, 2011; Len, 2013;
Noga, 1990; Woch, 2008).

This study is also part of the above research trend. This work is a deve-
lopment of the threads undertaken by the authors in the study (Kobryn,
Tekien, 2016). The area structure of agricultural holdings in the Moniecki
county and the merits of changing it through consolidation works were ana-
lyzed there. Currently, the authors intend to propose appropriate analytical
tools that may be useful at the level of planning of merging and exchange
work by facilitating decisions regarding determining the urgency of these
works in a given area.

At this point it can be mentioned that similar problems were taken up at
work (Len, 2013). It proposes appropriate solutions for agricultural lands in
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the Brzozowski county, located in the Podkarpackie Voivodeship, using tools
derived from taxonomic methods in the analysis. In the opinion of the authors
of this article, multi-criteria decision analysis (MCDA), also known as mul-
ti-criteria decision making (MCDM), can be very useful in solving such prob-
lems.

MCDA / MCDM methods constitute a very intensively developing field of
research, which is supported by broad application possibilities in solving
multi-criteria decision problems in various areas. This is confirmed in many
publications describing various practical applications of these methods.
Many MCDA / MCDM methods are known from the literature (Figueira et al.,
2005; Hwang, Yoon, 1981; Triantaphyllou, 2002; Tzeng, Huang, 2011;
Zopounidis, Pardalos, 2010), the most popular ones include the following
methods:
¢ AHP (Analytic Hierarchy Process) (Saaty, 1980, 2005),
¢ PROMETHEE (Preference Ranking Organisation METHod for Enrichment

Evaluations) (Brans 1982; Brans et al., 1984),

e TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)

(Hwang, Yoon, 1981).
their popularity is evidenced and developed by (Behzadian etal., 2010, 2012;
Sipahi, Timor, 2010), providing an overview of the different uses of these
methods.

Below, the proposal of a methodology for determining the urgency of
consolidation works using the AHP method will be described, which will be
illustrated on the example of the Moniecki county. This choice results from
the fact that agricultural activity within the analyzed area is an important
production base for Polish dairy moguls, which are ,Mlekovita” and ,Mlek-
pol” production cooperatives.

Identification of decision-making criteria

An important role in solving any decision problems is played by the adop-
tion of a coherent set of criteria that should guarantee a comprehensive
evaluation of the alternatives considered, and should be characterized by
transparency and precise definition of their scope of avoiding redundancy.
It should be added that individual criteria can be used to evaluate alterna-
tives in terms of benefits or costs. They are referred to respectively as a stim-
ulant (criterion of the nature of an advantage) or a deterrent (a criterion of
a cost nature).

In establishing a set of decision criteria in relation to the analyzed deci-
sion problem, which is to determine the urgency of consolidation works in
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a given area, the provisions contained in the Instruction No. 1 of the Minister

of Agriculture and Food Economy on land consolidation and exchange (dated

March 24, 1983) may be helpful. According to them, the classification of vil-

lages for consolidation should result first of all from the analysis of the state

of land management, and when undertaking consolidation works, the vil-

lages which are characterized, among others, should be taken into account:

¢ aparticularly arduous checkerboard of land for both family farms and the
inconvenient land development of the Agricultural Property Agency,

¢ arelatively high average area of farms,

¢ an extensive checkerboard of land between villages,

¢ high level of saturation with means of production,

¢ awide range of needs and possibilities of making necessary accompany-
ing investments in the field of after consolidation development,

¢ the need to adjust the holdings to disruptive production conditions of
line investments (motorways, express roads, pipelines, gas pipelines,
canals, railway lines, windbreaks, anti-erosion devices, etc.),

¢ asignificant possibility of concurrent consolidation of the enlargement of
existing family farms at the expense of land of the Agricultural Property

Agency or land obtained from persons who agree to sell all or part of

their land.

Additional information that may be helpful in adopting the appropriate
set of criteria, is included in Appendix 2 to the above instruction, which indi-
cates how to analyze the land integration needs of a given village. Factors
of significant importance included:

e total surface area,

e number of farms,

¢ total number of plots,

e average farm area,

e average plot area,

e average number of plots on the farm.

There is no doubt that - in addition to the substantive correctness of the
set of decision criteria - it is important to have the necessary data to assess
the decision alternatives in the light of the adopted criteria. Therefore, guided
by the possibility of obtaining the necessary data on the basis of public
records (such as land and building records), the authors of this study pro-
posed a set of 6 criteria describing the area structure of agricultural land and
thus characterizing the quality of agricultural production space. A summary
of these criteria is provided in table 1.
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Table 1. Decision criteria for determining the urgency of consolidation work

Criteria Name Nature

K1 Area of the precinct stimulant
K2 Number of plots stimulant
K3 Number of land registry units stimulant
K4 Average area of the plot deterrent
K5 Number of the plots per 1 land registry unit stimulant
K6 Area of the land per 1 land registry unit stimulant

Source: author's own work.

AHP as analysis method

The description of the AHP method has been included in many studies,
including in works (Saaty, 1980; Kobryn, 2014), therefore it will be omitted
in this publication. Only the most important issues related to the use of the
AHP method will be indicated here. As is known (Saaty, 1980), the AHP method
is based on the mutual comparison of the pairs of considered alternatives.
The results of pairwise comparisons are determined using the so-called
a relative, 9-grade rating scale. An integral part of the AHP analysis is the
assessment of the coherence of the pairwise comparison matrix. Obtaining
the required level of consistency is quite problematic for a greater number of
compared items. Therefore, an important practical recommendation in the
AHP method with regard to the compared elements is the Miller rule, accord-
ing to which the number of these elements should be in the range of 7 +2
(Miller, 1957). This rule is related to the limited human information process-
ing abilities, and its consequence is the fundamental principle that is in force
in the AHP method and is based on the hierarchical structuring of any deci-
sion problem.

This does not mean that - using the algorithm of the AHP method - it is
not possible to consider a greater number of elements at a given hierarchical
level, which is especially true for the compared alternatives. Limitations
resulting from the Miller rule become less important if the pairwise pairing
procedure is based on the use of appropriate mathematical formulas. The use
of the following formulas gives this possibility (Sztapczynska, 2009):
¢ in case of stimulant (benefit nature criteria)

0-0)" ) - )
pi,j:W'8+1, for Q" =Q;

max

(1)

min
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¢ in case of deterrent (costs nature criteria)

0f9-q *) ~ o)
Zharomroab AR I ©)
and
1 Kk k
pij = - for Ql-( ) > Q](' ), (4)
where:

QM, QM - alternative result (i-th and j-th) in the light of the k-th criterion.

The result of the implementation of the above formulas are the elements
of the pairwise comparison matrix P, which assume values corresponding to
the Saaty scale.

In the assessment of the consistency of the matrix of comparisons in
pairs, the so-called Consistency Index (CI) and consistency ratio (CR). Accord-
ing to (Saaty, 1980), the consistency index is calculated using the formula:

s -n
CI — max
n-1 ' (5)
where:
n- dimension of the matrix P (corresponding to the number of criteria or alter-

natives being compared),
Amax— the maximum custom value of matrix P.

On the basis of the CI index, the CR is calculated, which is the quotient:

CI
CR =% (6)
where:
RI- is a reflection of the non-conformity rate of assessments, being the average

value of CI for a large number of randomly generated comparison matrices.
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[t should be added that few literature sources provide RI values for larger
comparison matrices (n>15). Such a need may arise when comparing more
alternatives using equations (1)-(4). A valuable proposal in this respect is
presented in the paper (Alonso, Lamata, 2006). Using the randomly gene-
rated values A,,,,, the following function was determined as a result of the
least-squares estimation:

Xmax (W) = 2,7699n — 4,3513, 7
which allows RI index circumscribing as:

RI = ‘max(=n (8)

n-—1

Analysis of the urgency of consolidations in the area
of the Moniecki county with the use of the AHP method

In the first place, global preferences were defined. The weight of accepted
criteria, reflecting their mutual validity. The starting point for calculations
was the comparison matrix in pairs of criteria, the elements of which were
determined using the relative Saaty rating scale:

[1,0000 0,2500 2,0000 0,2000 0,3333 0,5000]
4,0000 1,0000 5,0000 0,5000 2,0000 3,0000
0,5000 0,2000 1,0000 0,1667 0,2500 0,3333
5,0000 2,0000 6,0000 1,0000 3,0000 4,0000
3,0000 0,5000 4,0000 0,3333 1,0000 2,0000
2,000 0,3333 3,0000 0,2500 0,5000 1,0000

P=

Based on the above matrix P, using the matrix column averaging method,
the vector w was determined containing the weights w; of the adopted crite-
ria:

w=[0,0655 0,2488 0,0434 0,3794 0,1604 0,1024].

An integral part of this phase of calculations was the control of matrix P
consistency, which resulted in:

Amax = 6,169, CI1 = 0,034, CR = 0,027.

max

As you can see, this control showed the consistency of the initial pairwise
pairing matrix, as the CR does not exceed the permissible value 0.10.
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As mentioned in the title and in the introduction to this study, the area
covered by the analyses in the Moniecki county, located in the Podlaskie Dis-
trict. In this connection, it should be added that the Moniecki county includes
seven communes, which are: Goniadz, Jasion6wka, Jaswity, Knyszyn, Krypno,
Monki, and Trzcianne.

The entire area is divided into land and building records for a total of 204
precincts. Three of them are urban areas: Gonigdz, Monki, Knyszyn, which
were excluded from the analyses presented in this study. Further analysis
based on the AHP method covered the remaining registration precincts in the
number of 201.

The purpose of these analyses was to determine the urgency of consoli-
dation works in the analyzed precincts, and in other words - the alignment of
these enclaves in accordance with the urgency of consolidation works in
their area, resulting from AHP obtained synthetic assessments of individual
areas. The starting point for the conducted analyses were the parameters of
individual precincts in the light of the adopted decision criteria. Due to edito-
rial restrictions regarding the preferred volume of the text, it was not possi-
ble to provide these parameters in the article (this would increase the vol-
ume of the article by a factor of 2). However, if you are interested in these
source data, the authors of the article will be happy to share it.

On the basis of the above data, in relation to each of the criteria, the
so-called local preferences that reflect the mutual positions of the analyzed
precincts. Appropriate matrices of pairwise comparisons of these ranges in
the light of subsequent criteria were created using formulas (1)-(4).

Each of the six pairwise comparison matrices created in this way was
subjected to consistency assessment, where formulas (5) and (6) were used
to determine the RI. The resulting value for n = 201 is Rl = 1,7570. The appro-
priate values A,,,,, CI and CR are shown in table 2. As it results from the per-
formed control, for each of the criteria, the CR of the relevant pairwise com-
parison matrix turned out to be significantly lower than the permissible
value.

Table 2. Evaluation of consistency matrix comparisons in pairs

Criteria

K1 K2 K3 K4 K5 K6
Amax 201,1936 203,5657 203,7845 201,0248 206,2895 201,1054
Cl 0,00097 001283 001392 0,00012 0,02645 0,00053
CR 0,00055 0,00730 0,00792 0,00007 0,01505 0,00030

Source: author's own work.
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Then, on the basis of local preferences (which were defined in relation to
subsequent criteria) and the weights of the criteria, synthetic estimates of
individual precincts were calculated. Using synthetic assessments and organ-
izing the analyzed ranges in order from highest to smallest value of the syn-
thetic evaluation, it is possible to indicate the cadastral areas that most
urgently require consolidation works. The list of prefabricated areas with the
greatest urgency of consolidation works, together with the obtained syn-
thetic assessments, is given in table 3.

Table 3. Listing of precincts with the greatest urgency of merging works

Precint Synthetic evaluation
200801_5.2101.Wdlka Piaseczna-t gki Réznych Wsi 0,01533
200803_2.0021.Zabiele 0,00997
200805_2.0004.Dtugoteka 0,00965
200807_2.0006.Giefczyn 0,00947
200802_2.0007 Kalinéwka Krélewska 0,00886
200807_2.0013.Nowa Wies 0,00886
200807_2.0131.Nowa Wie$-Bagno-taw 0,00861
200807_2.0017.Szorce 0,00848
200803_2.0005.Dolistowo Stare 0,00837
200801_5.0006.Klewianka 0,00801
200802_2.0013 Krasne Stare 0,00796
200806_5.0026.Przytulanka 0,00769
200805_2.0005.Géra 0,00762
200806_5.0016.Kulesze 0,00760
200807_2.0418.Budy-Dz.Dtugoteka 0,00749
200801_5.0311.0lszowa Droga 0,00746
200807_2.0015.Bajki Stare 0,00745
200804_5.0003.Grady, Poniklica, Wodzitéwka 0,00743
200807_2.0019.Wilamdwka 0,00724
200803_2.0020.Szpakowo 0,00708
200801_5.2108.Wélka Piaseczna-Kalindwka K. 0,00702

Source: author's own work.
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The summary in table 3 shows that the precinct, which most urgently
requires taking appropriate actions related to the consolidation and replace-
ment of land, '200801_5.2101.Wélka Piaseczna-Laki Réznych Wsi’. In the
case of this area, the synthetic evaluation, obtained by the AHP method,
by over 50% exceeds the assessment of the next three ranges, located at the
top positions in the ranking (‘200803_2.0021.Zabiele’, 200805_2.0004.
Dtugoteka’ oraz 200807_2.0006.Gietczyn’). The importance of the problem
in the case of the area’200801_5.2101.Wélka Piaseczna-taki R6znych Wsi’ It
also proves that its synthetic evaluation is more than twice as high as the
assessment of the thirteenth division in this ranking, which is ‘200805_2.0005.
Gora’.

For similar reasons, as in the case of parameters of individual registers in
the light of accepted decision criteria, in this study it was not possible to cite
synthetic assessments for all 201 registers of them, as well as their assess-
ments in the light of subsequent criteria. However, as in the previous case,
the authors of the article will be happy to share it in case of possible interest.

At this point, you can only pay attention to the synthetic assessment of
the area’200801_5.2101.Wélka Piaseczna-Laki R6znych Wsi'. It is more than
five times higher than the estimates of four precincts, which are located at
the end of the ranking (‘200807_2.0420.Budy-Dz.Kole$niki’, 200807_2.0421.
Budy-Dz.Guzy’, 200801_5.2107.Wélka Piaseczna-Bagno II’ and the ‘200807_
2.0711.Gugny-Dz.Dtug.Roma’) and which obtained synthetic ratings not
exceeding the value 0,00300.

Conclusions

One of the reasons that prompted the authors to undertake analyses
aimed at implementing the AHP method to determine the urgency of consol-
idation works in the area of the Moniecki county was the fact that this method
is one of the most popular methods of multi-criteria decision analysis. As the
review of various applications of the AHP method presented in the study
(Sipahi, Timor, 2010) shows, it found many of applications in solving various
decision problems. In the opinion of the authors of this study, the AHP method
can be also useful in solving problems related to determining the urgency of
merging works. The experience of the authors of this work has shown that
a very useful tool proves to be an Excel spreadsheet.

The approach adopted by the authors, according to which all reference
sections in the area of the Moniecki county were subjected to simultaneous
analysis, does not exclude the possibility of performing similar analyses in
a smaller area, as for example in any municipality. In this case, the analysis
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algorithm used would be analogous. In the case study, presented in this
research the sensitivity analysis of the final ranking to the change in the
weightings of criteria, which is an integral part of the multi-criteria analysis,
was omitted. However, this was not the main goal of the research, because the
authors focused on the implementation of the AHP method to solve the deci-
sion problem.

Issues that would require additional research are the possible establish-
ment of a universal set of decision criteria so that it can be applied regardless
of the location of the analyzed area. There is no doubt that the key issue,
which is of crucial importance from the point of view of a possible extension
of the set of criteria, should be the availability of data, enabling the compari-
son of precincts in the light of all criteria.

According to the authors of this study, the subject of further research
with regard to determining the urgency of merging works can and should be
other methods of multi-criteria analysis, especially the PROMETHEE and
TOPSIS methods, which - as mentioned in the introduction - can be consid-
ered as popular as the AHP method.

The contribution of the authors

Andrzej Kobryn - 50% (concept and objectives, literature review).
Tomasz Tekien - 50% (concept and objectives, research).
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Introduction

The issues of urban sensitivity to climate change are addressed in numer-
ous expert studies and strategic documents of the European Union (Gorgon
etal.,, 2014b). They are of various forms and the first time they appeared was
in 2007, when during the COP16 conference the framework for adaptation
activities was established. In Poland these activities started almost simulta-
neously, i.e. in 2009 with the implementation of the KLIMADA project. Works
carried out in the previous years resulted in the adoption of a ,Strategic
Adaptation Plan for Sectors and Areas Sensitive to Climate Change by 2020”
in 2013 (‘SPA, 2013). This most important Polish document points out to the
necessity of preparing adaptation plans or strategies addressed to Polish cit-
ies. These documents have been referred to by the Ministry of the Environ-
ment as Urban Adaptation Plans (MPAs).

In Poland the process of developing Urban Adaptation Plans (MPAs) to
climate change in large cities (i.e. cities with more than 100 thousand inhab-
itants) was launched in 2017. This is the first such a large project covering 44
Polish cities. The aim of these plans is to prepare urban areas for potential
impacts related to climate change. This is the result of the European Union’s
policy, which points out the need to implement adaptation measures at an
urban level (Perks, 2013).

The basis for the development of adaptation plans is the analysis of the
vulnerability of a given city to potential impacts resulting from climate
change. A characteristic of potential impacts to Polish cities was worked out
by the Institute for Ecology of Industrial Areas in the document entitled
JAssessment of the sensitivity of urban areas to potential threats posed by cli-
mate change” (Gorgon et al., 2014b). Together with the above-mentioned
assessment ,Guidelines for the development of an urban adaptation strategy
for cities with more than 100 thousand inhabitants” (Gorgon et al.,, 2014a)
were prepared. On the basis of this the “Urban adaptation handbook - guide-
lines for the development of urban adaptation plan to climate change”
(‘Podrecznik MPA, 2015) was developed. The aim of these documents is to
support the process of establishing MPAs in Polish cities.

Although the aforementioned documents have been developed, there is
still an urgent need to continue and expand the activities that could signifi-
cantly influence the effectiveness of the MPA process. One of the very impor-
tant elements of such activities is to determine the range of data and informa-
tion necessary for developing MPAs. Their aim is to support the process of
raising the awareness and understanding of the potential impact of climate
change and the possible adaptation options. The collected data and informa-
tion will constitute the basis for further analyses related to MPAs. Therefore,
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the quality of work, its accuracy and reliability will depend on the proper
selection of data. In addition, it may influence the choice of the adaptation
options at the final stage of the process, and ultimately its final success.

The main aims of the paper is establish the minimum requirement for
gathering data to allow some level of quality of MPAs and to avoid the mis-
takes.

Material and Method

This section sets out the methods for reviewing literature and conducting
research.

Research related to the data collection process was initiated during stat-
utory work titled “Methods of identifying areas of the city’s sensitivity to cli-
mate change and preliminary assessment of the effectiveness of measures
aimed at reducing the city’s sensitivity to the above-mentioned changes”. The
statutory was conducted in 2016. These studies have led to the conclusion
that the first step to conduct the sensitivity analysis is to collect and verify
the necessary climate data and information. This stage of work on adaptation
plans is of great importance to their result.

Than the research about this issue was began. A literature search was
carried out using the terms “input data”, “climate change”, “adaptation plans”
via scopus.com, webofknowledge.com and springer.com or sciencedirect.
com. The research was conducted in peer-reviewed journals, books, and con-
ference proceedings which were published in English between 1999-2016
mainly. This literature included a European policy, guidelines, methodologi-
cal papers, best-practice examples and adaptation plans reviews issued by
international organizations, donors and development cooperation agencies.
The resulting citations were screened in order to isolate ‘input data’ that per-
tained to European and urban/cities adaptation plans. In this stage of work
The EU-ClimateAdapt (http://climate-adapt.eea.europa.eu) portal was
searched for items tagged “urban adaptation plans” and “data collection”
also.

The next step was to review Polish experiences in this area. Two items
were helpful in creating the data list of source for adaptation plans of polish
cities:
¢ Wytyczne do przygotowania miejskiej strategii adaptacyjnej dla miast

powyzej 100 tys. mieszkancow (Gorgon et al,, 2014a),
¢ Podrecznik adaptacji dla miast wytyczne do przygotowania Miejskiego

Planu Adaptacji do zmian klimatu (‘Podrecznik MPA, 2015).

As for Polish experience in collecting and using data for adaptation plans,
it was in that stage of work rather poor.
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In the text was used abbreviation MPA which means Miejskie Plany Adap-
tacji in Polish language and Urban Adaptation Plan in English.

What data should be collected? Review of English-language
literature

The key element is collecting and reviewing the necessary data concern-
ing climate change and the related hazards of potential impacts within the
city area. The data obtained will constitute the basis for all further analyses
aimed at the city adaptation (Gorgon et al,, 2014a; ‘Podrecznik MPA, 2015;
Snover et al., 2007). The problem of data collection, selection of their sources
and quality control has so far been discussed mainly in foreign language lit-
erature. The largest in this area is the experience of American and European
countries, regions or cities which have initiated the process of creating docu-
ments related to the adaptation of cities. Taking this into account, it is
extremely important to use the acquired knowledge and expertise while
starting work with the cities (Giordano, Capriolo, Mascolo, 2013). The analy-
sis of the available materials concerning preparation for urban adaptation or
the adaptation itself may be the useful step, especially if it is accompanied by
similar climate change experiences. However, it should be emphasized here
that solutions which are good in one city do not necessarily work in another
(Cortekar et al., 2016).

It is obvious that while collecting the data the existing resources will be
used (Basher, 1999; Giordano et al., 2013). It is not expected that new data-
bases will be developed because it is a time-consuming and cost-intensive
process. It should also be stressed here that the amount of data required for
the development of MPAs may have some limitations, i.e. lack of data, their
unavailability, low quality or invalidity. It should also be borne in mind that
during the work the state-of-the-art should be monitored for new informa-
tion to supplement those previously collected.

Quoting Snover et al. (2007), the process of collecting data and informa-
tion will be connected with finding an answer to the following question: how
does climate change affect the region and does it pose an impact to the local
community? Van de Ven (van de Ven, Buma, Vos, 2014), on the other hand,
addresses the issue in the form of four questions:

1. What can be vulnerable to climate change and where (facilities, networks
and groups)?

2. What climatic risks appear, where, and to what extent? Where is the high-
est risk?

3. Where can you find opportunities connected with climate change?
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4. Which of the recent extreme weather conditions may be the benchmark
in the research analysis?

Adaptation of cities to future climate change will depend on a number of
factors, independent or interacting with each other. However, as already
mentioned above, the key element in the adaptation of cities to future climate
change is to understand and manage the current climate fluctuations so as to
make them predictable (Basher, 1999). For this purpose, relevant data and
information will be required. They can be divided into several categories
(according to Basher, 1999; Burton, Malone, Huq, 2005; Giordano et al,,
2013):
¢ climatic factors (temperature, precipitation, wind, etc.),
¢ non-climatic factors (environmental and socio-economic conditions i.e.

population, land
e use, ecosystem data, etc.),

e sector vulnerability to present climate change and other changes, and
their impacts,

¢ interactions between the various elements of the system and the result of
these interactions,

e adaptation actions, plans and policies.

Climate phenomena and their derivatives, which are, in some way, a caus-
ative factor that can affect particular sectors of the city and its components.
These, are the first from the above-mentioned data categories. Generally,
most of foreign language literature focuses on collecting information related
to: air temperature, atmospheric precipitation, solar radiation, wind speed
and humidity. The availability and quality of this data is relatively better than,
for example, than those relating to the environment or socio-economic fac-
tors. They have been gathered for many years, if not decades, as this is popu-
lar data, which constitutes the basis for many processes and is used in many
sites. In addition, their measurement is relatively simple. Monitoring and
collection of data related to climatic issues factors is conducted on a global
scale, with the cooperation of international and regional centers. Problems
connected with meteorology, operational climatology and hydrology are
dealt with by the World Meteorological Organization (WMO). It was estab-
lished, among others, to coordinate the network of meteorological and
hydrological stations and to ensure data consistency. In turn, the Global Cli-
mate Observing System (GCOS) is responsible for systematic data collection
for global monitoring system, prediction and monitoring of the climate
change effects.

Collection of data is just the beginning of the process of gaining knowl-
edge on the climatic phenomena. Based on the obtained data, climate trends
are identified and estimated. This can be done using statistical methods, i.e.
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analysis of time series from meteorological monitoring stations. Such data
should meet the following criteria: the data series should cover a longer
period of time (at least 40-50 years), should be continuous over time, and
tested for completeness and quality. In addition, the series of data is sub-
jected to homogenisation (Aguilar et al., 2003; Kuglitsch et al., 2009) and
statistical processing, including the recognition of linear and nonlinear
trends (Seidel, Lanzante, 2004; Tomé, Miranda, 2004) in order to provide
reliable results. Subsequently, properly prepared data is interpolated in
a regular grid to a larger area using geostatistical methods (Giordano et al.,
2013).

Another very important step in the development of the database is the
review of environmental and socio-economic conditions as they may include
elements sensitive to climate change. Proper identification of impacts will
contribute to the selection of the best adaptation option. Nowadays, it can be
observed that there are cities which have already been struggling with some
environmental or socio-economic problems which are not related to climate
change. These problems are sometimes so serious that the cities are not will-
ing to solve any other problems. However, it must be borne in mind that the
potential climate change may exacerbate the existing ,non-climatic” prob-
lems or generate new ones. At this stage of research areas systematically
exposed to climatic hazards and showing the highest exposure level should
be identified. There is also another factor that raises the level of uncertainty,
namely the fact that volatility of the so called ,non-climatic” data is some-
times much higher than the observed climate change (Basher, 1999).

In most cases at this stage a list of indicators, i.e. parameters characterise
a given receptor (sector of the city) (Burton et al., 2005), is prepared. They
will help define the sector sensitivity level. The indicators should meet three
criteria — they should: a) aggregate, calculate and simplify relevant informa-
tion, b) capture the key problem, and c) provide relevant information. They
may be qualitative, quantitative or mixed. An ideal situation is when the indi-
cators characterise a given receptor in a qualitative manner. There are many
publications and there are adaptation tools that offer ready-made lists of
indicators, such as, for example THE FUTURE CITIES ADAPTATION COMPASS.
Below, an exemplary fragment of the table from the above-mentioned tool is
presented (table 1).

When selecting the indicators, one should also refer to the manual: “The
Vulnerability Sourcebook. Concept and guidelines for standardized vulnera-
bility assessments”, which describes how to identify and select the indicators
(‘GIZ’, 2014).
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Table 1. Sample list of indicators for population-related receptors. Fragment of the table
from THE FUTURE CITIES ADAPTATION COMPASS tool

Indicators

Receptors . .
P Select one/or more indicators per receptor to describe core areas

Spatial distribution of vulnerable groups

Age structure of different groups in the city

Population density

S . .

S Public health/vulnerable Capacity of medical system

S groups* Capacity of emergency system
Amount of green spaces

Distribution of air corridors

Degree of air quality

* (Smit, Wandel, 2006) According to this authors, vulnerability is a function of sensitivity and exposure of a recep-
tor to the hazardous conditions/climate or weather impact and the capacity to adapt towards those conditions.
This definition is different than in the IPCC is, which refers to climate change impacts instead of integrating actual
and observed climatic or weather related impacts (compare IPCC, 2007)

Source; The future cities..., 2013.

Another very important element of the above-mentioned list of data cat-
egories is to understand the impact of current climate changes on the sectors
and their vulnerability to these changes. In literature there are a number of
variants which propose a proper course of action. In the tool “THE FUTURE
CITIES ADAPTATION COMPASS. A guidance tool for developing climate-proof
city regions” (“THE FUTURE CITIES..., 2013), starting from the list of recep-
tors, which are a set of local physical properties and socio-economic condi-
tions, their current sensitivity to weather events and their distribution can be
investigated. This is one of the methods, and there is not one tried and tested
course of action in this case.

Interactions between the various elements of the system and the result-
ant of these interactions is a category of data that is much more difficult to
put into any frame. It requires understanding and combining many scientific
disciplines and data (Basher, 1999). It would be advisable here to refer to the
IPCC reports (Pachauri, Mayer, Intergovernmental Panel on Climate Change,
2015).

The last step is to review the existing adaptation measures, plans and
policies which operate within or on the part of the investigated area, as well
as the effects of the actions already taken. The range of the data is limited to
the region or city. It largely depends on funds and local policy. Conducting the
data analysis on a local scale will be helpful in taking further actions.
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Proposed range of data for adaptation of Polish cities

The presented thematic range and principles of procedure at the stage of
spatial data collection was developed on the basis of research and develop-
ment works (including expertise and studies for the Ministry of the Environ-
ment), which have been carried out in the Institute for Ecology of Industrial
Areas since 2014.

Currently, a lot of information on the environment, urban structure, cli-
mate and its influence is available in Poland and worldwide. It can be obtained
from various sources, such as:

1. Publicly available web portals, such as those of the European Environ-
ment Agency: http://climate-adapt.eea.europa.eu/, https://www.eea.
europa.eu/data-and-maps.

2. Institutions dealing with the collection and dissemination of such data, in
particular: Geodesic and Cartographic Documentation Center (CODGIK),
National Water Management Authority (KZGW), The General Directorate
for Environmental Protection (GDOS), Chief Inspectorate of Environmen-
tal Protection (GI0S), and regional representatives of these institutions.

3. City resources, which are an essential element of the knowledge about
the city due to their accuracy of details and adequacy (of course, pro-
vided that they are updated).

The above mentioned institutions have databases and information which
are also available on their web portals. An example may be the KZGW hydro-
portal where, for example, under the project: “National Information System
for Protection against Extreme Hazards (ISOK)” flood hazard and risk maps
as well as Flood Risk Management Plans for the Odra and Vistula River Basins
have been published. The maps are available on the portal in pdf format, but
they are also in the possession of the administrative units.

When collecting data for MPAs, particular attention should be drawn to a
few details. The first important thing in creating the MPA document, espe-
cially in analyses of the sensitivity of city sectors and their vulnerability, is
the data collection date and data quality. The collection date does not, of
course, relate to historical data and studies. The validity of data collected
nowadays is often different. It is important, especially when dealing with, for
example, models related to future climate change. Current data and informa-
tion take into account the state-of-the-art on climate change in many areas,
as well as adaptation methods or complex systems and interactions between
particular elements. This knowledge is dynamic and based on the experience
gained in this field. As mentioned before, the validity of data can significantly
affect the final outcome of the analyses. Data obtained under international
projects are generally updated and also reviewed.
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Thus, it can be assumed that the quality of both input and output data is
quite good. In many cases this quality is determined and known to the user. It
should be remembered, however, that they do not always translate into real
problems in the city. The situation is different in terms of data coming from
the city resources. Planning documents, which are one of the main sources of
information about the city, show different validity, and what may become
even a bigger problem - they may be of various quality. It depends on the
period in which the document was developed and on the applied cartographic
tools. Cities updated or created such documents, depending on the needs or
changes of the law.

Another important thing to pay attention to in creating the MPA docu-
ment is the scale and coverage of data and information. Regardless of whether
they are statistical, mapping or descriptive, the data usually have a specific
coverage and scale. Most often, those from international portals represent
a global scale (world, continent or country). The rest are regional (voivode-
ship) or local (county, municipality, city). For broader context analyses, less
accurate global or regional data will be used. However, this will be rather rare
and used to support the work, the overwhelming majority of which will con-
cerns the city, i.e. the local scale.

In order to systematize the data and information on urban adaptation to
climate change, they were divided into groups. A similar situation is in the
case of English-language literature - Basher et al. (1999) Burton et al. (2005)
and Giordano et al. (2013) cited above, where the collected data and informa-
tion are assigned to different categories (groups). As far as MPAs for Polish
cities are concerned the following groups of data and information are pro-
posed:
¢ elements of urban structure and the environment,

e causative factors, i.e. natural climatic phenomena and their derivatives,

¢ Internet portals, which are a good source of knowledge or basic and
complementary information on both climate change and adaptation
methods,

¢ manuals, good practices, and plans for the applied world-wide examples
of urban adaptation to climate change,

e own, strategic, spatial planning and other studies developed at a city or
municipal level, and other data collected by local or regional institutions,

¢ reports developed under bilateral and / or international projects,

¢ research projects and studies.

The first group of data includes information about the elements of the
urban structure and the environment, which constitute the receptors poten-
tially vulnerable to natural hazards, exacerbated by climate change. They can
be further systematised by dividing into the following thematic subgroups:
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¢ land use pattern,
¢ administrative units and special borders,
o digital terrain model (DTM),
¢ hydrography / hydrology,
¢ technical infrastructure of the city,
¢ functional structure of the city including development and its structure,
* division of the city into districts, area of the city,
¢ share of biologically active areas,
¢ soil sealing degree,
+ functional-spatial relationships with the surrounding,
¢ demography, health and safety of the population,
¢ habitats and natural areas, protected areas and species,
¢ historical background,
¢ natural hazard zones including flood plains,
e soil
The second group includes data on causative factors, defined as stress-
ors, i.e. natural climatic phenomena and their derivatives, which have a par-
ticular influence on the elements of the urban structure and the environment.
These phenomena are related to three areas that may pose a potential threat
to the city. These are:

e water,
e temperature,
e wind.

The third group covers Internet portals. They are a good source of knowl-
edge, basic and additional information on both climate change and adapta-
tion methods. This group is so large and dynamic that it is difficult to gather
all the available portals. However, when using this information to avoid mis-
understandings and ambiguities, it is important to pay attention to the pur-
pose for which it was created, who is the recipient and what is the source of
funding.

The fourth group of data and information sources includes manuals, good
practices and examples of urban adaptation to climate change. It is also a
very broad and dynamically developing group. Many cities, especially Euro-
pean and American ones, have already implemented urban adaptation plans.
This enables the exchange of experience in adaptation of cities located in dif-
ferent climatic zones in the world.

The fifth, but very important group, consists of the data collected by indi-
vidual cities, including those which are publicly available but also studies and
documents of the municipality. These are their own, strategic, spatial plan-
ning and other works developed at the city or municipal level. This group
also includes supra-municipal documents, such as city functional areas or
studies on a voivodship scale.
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A good source of data may also be reports prepared under bilateral and/
or international projects. They may address issues related to climate change
or urban adaptation. Such projects are often carried out by the municipal
offices and other municipal entities. Many studies on urban adaptation to
climate change emerged in scientific circles under various research projects
and studies. They were developed by universities, scientific and research
institutes and state environmental protection institutions. They contribute
a lot to the development of the state-of-the art in this field.

As it has already been mentioned at the beginning of this paper, the list of
sources should be updated during the work on MPAs immediately after a new
document appears. Within the city, however, the list should include addi-
tional documents depending on the city specificity. During the work on the
MPAs ready and standardised list of data necessary for carrying out analyti-
cal and diagnostic work should be used. This can ensure correct and uniform
analytical procedure in the carried out city sensitivity and vulnerability
assessment. In addition, the use of similar data sources allows obtaining
a result of comparable quality and value. It is also important to use adaptive
solutions tested in a specific city to avoid errors. This is why it is so important
to refer to the experience of other cities having similar problems connected
with the urban adaptation.

Conditions ensuring correctness of geostatistical analyzes

In order to ensure that the above-mentioned data provide measurable
effects, the method of their processing is also very important. For this pur-
pose, calculations and statistical inference in these research methods should
be performed at the significance level of a = 0.05 and in the case of short
measurement series at a = 0.01. Calculations and inferences will take into
account the nature of the statistical distribution, and depending on this dis-
tribution parametric and / or nonparametric methods will be used. The
analyses will cover the latest data collected from the official holders of such
data, e.g. Chief Inspectorate for Environmental Protection, Institute of Meteo-
rology and Water Management, Central Statistical Office, etc. In the case of
multi-criteria analyses, the correctness of the results should be ensured by
conducting the sensitivity analysis.

In the case of map and computational data obtained from various reliable
sources, the consistency analysis should be performed. If there is a lack of
consistency, the data which are more reliable (i.e. those the accuracy of which
is the highest, data error is known and represents the lowest value) should
be taken into account. Spatial analyses should be performed wherever pos-
sible on large scale materials (local scale) e.g. 1:10 000.
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An important element that will improve the transparency of results is
“enclosing” the result maps with metadata in a format consistent with the
INSPIRE Directive. In the case of Internet portals providing statistical and
spatial data (e.g. the European Environment Agency portal), the following
data should be taken into account (if possible): data that are reviewed, relia-
ble, possibly the most recent ones, worked out by renowned institutions,
foundations or experts and originating from sources recognized by experts.
The last element to be highlighted in the case of information sources or tools
is the applied methods, which should take into account the current state-of
the-art.

Results and Discussion

The article shows haw to develop data base for adaptation plans of polish
cities. The knowledge how data we need for adaptation plans has a decisive
impact on the result. In the Poland large project covering 44 has just been
completed. Therefore, we have some experience in this area but growing
knowledge is very desired. It is extremely important to use the experience
and knowledge of other countries. In this range, the available literature is
impressive. Using this knowledge one should, however, remember about the
specificity of Polish cities. In Poland we have a slightly different data resource
than it is, for example, in America or in Europe. Largely, of course we can use
the data collected by the European Union especially if were created for adap-
tation purposes, but one should remember that the basic source of data are
gathering from Polish institutions and cities.

In this article, we organize knowledge about the collection of data, indi-
cate the source of which to use and on what we should pay special attention
to. The information provided in the article will contribute to broadening the
knowledge on the data needed to create plans for adapting to climate change
in Poland. The purpose of this article is also to draw attention to the aspect of
data collection for the plans for adapting Polish cities. Therefore, it aims is
not only to systematize knowledge about data collection but also the correct-
ness of data selection and their range. This is one of the key elements in cre-
ating such a plans and can not be belittle.

Conclusions

In the first part of this paper experiences in collecting data described in
English-language literature have been presented. The topic has been addressed
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in a very general way in order to demonstrate the most important branches
of knowledge concerning the adaptation of cities to climate change. A set of
questions supporting the collection of data has been developed. In addition,
the provided data have been presented according to thematic categories.
In the case of climatic data, the way in which they are processed before they
reach the final user has been described. This method is very important.
It helps realize that climate scenarios are based on data already processed in
some way in order to eliminate measurement errors. The English-language
literature referred to in this paper brings the whole process of data collection
together and should be very helpful in the development of MPAs.

In the next part of the paper the sources from which data and informa-
tion on urban adaptation will come from have been identified. There are also
groups that define the thematic range of data and information necessary for
the adaptation of Polish cities. The development of a fixed list of sources,
defined for cities at the beginning of the document creation process, should
ensure high quality and uniformity. This data may be of different character,
e.g., statistical, map or descriptive. Their validity may also vary. Particular
attention should be paid to the date of their creation, the latest literature and
to the current data. Obviously, this does not apply to historical data, which
also affects the understanding of future climate change. Their quality, how-
ever, may vary. It may also happen that due to their doubtful reliability they
will become useless. When new research results on information appear dur-
ing the studies the data should be updated on a regular basis. Such a “moni-
toring” of the latest data or information should be carried out until the final
stage of the MPA development process.
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Introduction

Environmental taxes are a primary economic instrument of environmen-
tal policy and are widely used in many countries including the European
Union (EU) member states. They minimize the total cost of pollution abate-
ment, provide a constant incentive for pollution reduction and are a source of
government revenues (Ekonomia srodowiska..., p. 231). The cost-effective-
ness of environmental taxes is similar to that of tradeable emission allow-
ances and higher than the cost-effectiveness of emission standards.

Environmental taxes, through providing disincentives to consumption,
are sometimes called taxes which destroy their own base. According to the
European Commission (2018, p. 266-267), environmental taxes are selected
by analysing their tax base which has a negative impact on the environment.
As a consequence, such taxes should influence prices and costs of products
and activities which have a harmful effect on the environment. They are
divided into four groups in the category of indirect taxes (excluding VAT,
which is selected as a consumption tax in general): energy, resource, pollu-
tion and transport (excluding fuels) taxes. The division is conventional as
some of the taxes could be classified in two or more groups.

Environmental tax reform (ETR), visible on a larger scale in the 1990s in
countries such as Denmark, Finland, Sweden, the Netherlands, Germany and
the UK, involves gradual changes in the national tax system, where the fiscal
burden shifts from economic functions such as labour (personal income tax),
capital (corporate income tax) and consumption (VAT and other indirect
taxes) to activities that lead to environmental degradation and the use of nat-
ural resources (Withana etal.,, 2014). Furthermore, environmental tax reform
can be defined as the action of state authorities to increase the role of envi-
ronmental taxes in the tax system of the country.

The purpose of the article is to analyse if - according to ETR assumptions
- an increase in environmental taxes and concurrent reduction of other taxes
are observed in the EU member states. Conducted research based on selected
examples of EU Member States is to lead to general conclusions on the fur-
ther role of environmental taxes in tax systems.

The environmental tax reform differs from the environmental fiscal one.
The latter is a broader term encompassing additionally the removal of envi-
ronmentally harmful subsidies (Dresner et al., 2006, p. 896). The analysis
focuses on environmental tax reform as part of wider measures, i.e. environ-
mental fiscal reform, which also includes public spending to protect the envi-
ronment, and those contributing to further deterioration of the environment
(energy subsidies, environmentally harmful subsidies and wasteful govern-
ment expenditures). Environmental tax reform is a part of a fiscal reform
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package to response to budgetary necessities or to support wider economic,
environmental and social objectives (Withana et al., 2014). To date only some
member states adopted a real environmental tax strategy while others only
minor changes in tax policy.

General assumptions concerning environmental tax reform

The ETR that increases or introduces new environmental taxes is based
on three principles (Deroubaix, Léveque, 2006, p. 940-949; Cottrell et al,,
2016, p. 2):

1. tax neutrality connected with shifting the tax burden mainly from per-
sonal income tax (or, more broadly, labour costs, i.e. also social insurance
contributions paid by the employer) to environmental taxes and, as a
result, rewarding the contribution of top earners and boosting low-
income employment,

2. the polluter pays principle - through the internalization of external
effects in the form of environmental pollution which results in significant
costs for society, it contributes to more fairness by pricing in the negative
externalities of polluting or other damaging activities and helps to incen-
tivise behavioural change,

3. double dividend - favourable effects from the environmental and econo-
mic perspective visible in the improved quality of the environment, eco-
nomic growth and increased employment (revenues from environmental
taxes could be used to reduce distorting taxes on capital and labour and
thus reduce the excess burden of the tax system, with positive conse-
quences for employment, investment and innovation).

Environmental policy in the EU is implemented, among others, by sup-
porting market-based instruments (MBI) such as: subsidies, grants, indirect
taxes, tradable emission rights. The EU has set clear policy objectives in the
areas of energy and climate change and is committed to achieving ambitious
targets with respect to energy savings, reductions of greenhouse gas emis-
sions and deployment of renewable energy sources by 2020. Kosonen and
Nicodéme (2009) note that the main advantage of MBI in relation to regula-
tory instruments is efficiency. The shift from taxes with a broader tax base to
those with narrower tax breaks creates the danger of or rather the need for
increasing taxes. As a result, double dividend effect (higher employment and
more effective environmental protection) may not occur. It may also be
worthwhile to point out the opposite effect of ETR, when a decline in envi-
ronmental tax revenue is observed due to less environmentally-damaging
activities (a tax base will decrease).
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Research on the negative consequences of ETR, that is, on income distri-
bution between the households and on the international competitiveness of
enterprises, shows that the effect is rather neutral (Kosonen, Nicodeme,
2009, p. 7-9). In the COMETR project, authors proved, using mainly macroe-
conomic modelling and case studies, that in seven EU countries (Denmark,
Germany, Netherlands, Finland, Slovenia, Sweden and UK) the shift towards
carbon-energy taxes had a positive impact on selected energy-intensive
industries.

It should be stressed that the effects of double dividend are quite modest
and depend on the specifics of the reforms in a given country (Bosquet, 2000;
Patuelli, Pels, Nijkamp, 2002). When ETR is constituted by shifting of the tax
burden from conventional taxes to environmental ones, attention should be
paid to the issue of social inequalities and possibilities of tax preferences for
the poorest taxpayers (Cottrell et al., 2016, p. 2). Social compensation mecha-
nisms should aim to stimulate ecological behaviour, for example by financing
the acquisition of low-emission, energy-saving or resource-efficient technol-
ogies, such as solar stoves, and exploiting the synergies and benefits of social
and environmental policies.

ETR differs in the EU member states also with respect to the use of the
environmental tax revenues (ten Brink, Mazza, 2013). Three approaches can
be observed (Clinch, Dunne, Dresner, 2006, p. 960-970; Garnier, Gyorgy,
Heineken et al., 2014): first, recycling all the revenue through tax reductions
elsewhere, second, using part of the revenue to support environmental initia-
tives, and the last one, consolidating public finance by reducing a general
government deficit. Consequently, in the tax reform, three options can be
considered:

e allocation of all additional income to reduce personal income tax (an
equivalent decrease in labour taxes, resulting in no overall change in the
tax burden),

¢ earmarking leading to expenditure on environmental protection,

¢ the choice of an indirect solution, i.e. a partial reduction of personal
income tax and a partial allocation for environmental purposes.

The transfer of taxes from labour to environmental or consumption taxes
remains a political recommendation of the European Commission at the end
of each European semester (country-specific recommendations) cycle,
although some member states choose opposing fiscal solutions to increase or
reduce environmental taxes (Garnier et al., 2014).

In the literature, there is an increase in social acceptance of raising taxes
for environmental protection or other environmental reasons, e.g. improving
energy efficiency and developing renewable energy (earmarking). However,
a generally accepted view in public economics is that the allocation of income
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is a source of potential ineffectiveness in tax decisions (Cottrell et al., 2016).
Requiring that environmental tax revenues are earmarked for a given pur-
pose would mean that the amounts spent for these purposes would change
over time in line with the trend in environmental tax revenues rather than in
line with the cost-benefit estimates associated with the allocation of income.

According to Cottrell etal. (2016) therefore, such taxes should be assessed
to alesser extent on the basis of their specific environmental impact (although
they are obviously still valid), and more on their ability to provide public
income in the most effective and socially acceptable way. The effectiveness of
large taxes related to environmental protection should be less compared to
the environmental performance of other environmental regulation instru-
ments, and more so with the effectiveness of income from other types of tax-
ation.

Research methods

The following EU member states were chosen for the analysis of the pre-
sumptive shift from income to environmental taxation: Bulgaria, Croatia,
Cyprus, Denmark, Estonia, Greece, Italy, Netherlands, Poland and Slovenia.
These states were selected by taking into consideration more significant
changes in the tax structure and basing on “old” and “new” EU membership.
The research is based on the European Commission (Eurostat) data and cov-
ers the period 2003 to 2015 due to the data availability.

The significance of changes of taxation structure in the periods tand t -1
has been analysed by means of structural change degree measure €
(Kukuta, 1986):

kK Nai—a;
Erpor = EL=1|"‘zt2 al(t—l)l’ (1)

where:
«a; — share of structure component i.

The more diversified structures, the higher the value of structural change
degree measure.

The direction of these changes has been examined using structural
changes monotonicity measure, 77,, (Kukuta, 1986):

NMm = “md (2)
- )
thz -1
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If n,,, equals zero, the structure in the period m is identical with the struc-
ture in the starting (first) period. If the nm equals one, the shares of all struc-
ture components form monotonic sequences and the structure evolves in the
steady direction.

Results of the research

The share of environmental taxes in total taxation in the EU member
states in 2003-2015 is diversified and varies from 4.5% to 10.1% on average
(figure 1). France, Belgium and Spain belong to the states with the lowest
share and Croatia, Bulgaria and Malta have the highest share in the EU. The
share of environmental taxes in total taxation in “new” EU countries is slightly
higher than in the “old” ones (8.1% and 7.2% on average respectively).

France
Belgium
Spain
Sweden
Austria
Germany
Luxembourg
Slovakia
Finland
Lithuania
Czech Republic
Hungary
United Kingdom
Italy
Romania
Greece
Estonia
Portugal
Poland
Ireland
Latvia
Slovenia
Denmark
Netherlands
Cyprus
Malta
Bulgaria
Croatia

Figure 1. The average share of environmental taxes in total taxation in the EU member
states in 2003-2015 [%]

Source: authors’ own work based on European Commission (2017).
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The detailed data on taxation structure (broken down by personal
income, corporate income, environmental and other taxes) in ten selected EU
member states are presented in table 1. The revenues from personal income
taxes are higher than those from the corporate income ones except for
Cyprus. Denmark distinguishes itself from other analysed countries by the
high PIT share in taxation structure exceeding 50%.

The share of environmental taxes in total taxation in the particular mem-
ber states was changing during the years 2003-2015 (table 1). Taking into
account the first and the last year of the analysed period, we can distinguish
six countries with a growth in the share of environmental taxes (Greece,
Estonia, Slovenia, Bulgaria, Poland and Italy, by 3.6, 2.0, 1.9, 0.5, 0.5 and 0.4
percentage points, respectively) and four countries with a decrease in this
share (Cyprus, Denmark, Netherlands and Croatia, by 3.0, 1.9, 0.5 and 0.2
percentage points, respectively).

In order to determine if the shift from income taxes to the environmental
ones took place in the analysed EU member states, a two-element taxation
structure was analysed using the g, , ; and nm measures. The results are pre-
sented in table 2.

Significant changes of income and environmental taxation structure were
observed in:

e Bulgaria in the period 2006/2007 (g, .1=0.075, structure change in favour
of income taxes) and in the next period 2007/2008 (g, ,=0.054, in favour
of environmental taxes),

¢ Croatia in the period 2009/2010 (g,,.,=0.059, in favour of environmental
taxes) and in the next period 2010/2011 (g, 1=0.040, in favour of income
taxes),

¢ Cyprus in the period 2003/2004 (g,,=0.055, in favour of environmental
taxes) and in the next three periods (g,,,=0.055, €,,,=0.051, &;,1=0.045
respectively in favour of income taxes),

¢ Estoniain the period 2008/2009 (g, ,=0.054, in favour of environmental
taxes),

e Greece in the period 2009/2010(g,,.;=0.063, in favour of environmental
taxes),

¢ Slovenia in the period 2008/2009 (g, ,=0.053, in favour of environmen-
tal taxes).
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Table 1. Taxation structure in selected EU member states

Taxes 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Bulgaria

PIT 102 95 8.7 8.4 9.5 9.0 102 109 107 107 102 11.3 106
CIT 8.9 78 5.9 6.8 131 98 8.8 74 6.9 6.3 7.3 7.1 7.3
Environmental 9.5 9.8 9.6 9.5 101 107 105 106 106 100 99 9.6 10.0
Other 714 729 759 754 673 706 705 711 718 730 726 719 721
Croatia

PIT 9.8 101 96 9.8 105 104 106 96 9.8 103 106 106 9.6
CIT 5.2 5.0 6.3 7.7 8.3 79 7.0 54 6.6 56 5.6 4.8 50
Environmental 111 110 106 102 99 9.3 9.3 101 94 89 9.6 105 109
Other 739 739 735 723 713 723 731 749 742 753 742 740 745
Cyprus

PIT 128 97 9.9 119 148 123 104 108 11.0 112 88 8.0 8.3
CIT 137 115 134 154 170 184 185 174 195 181 205 191 179
Environmental 120 123 106 96 8.7 8.7 8.8 8.7 8.7 8.2 8.7 9.2 9.0
Other 615 665 661 630 595 606 624 631 608 625 620 637 648
Denmark

PIT 535 537 536 517 520 537 657 553 553  B51 560 589 568
CIT 6.2 6.3 72 8.0 6.8 57 4.2 50 4.8 5.7 6.0 57 5.6
Environmental 105 108 103 101 102 93 8.9 8.9 8.9 8.7 8.9 8.1 8.6
Other 298 293 290 303 310 313 312 307 310 305 291 273 290
Estonia

PIT 209 201 184 181 184 195 160 159 161 164 172 176 172
CIT 51 53 47 438 5.1 5.1 52 4.0 3.8 44 55 54 6.2
Environmental 6.1 6.7 76 7.2 7.0 74 8.4 8.8 8.6 8.6 8.1 8.3 8.1
Other 678 679 693 699 695 680 704 714 714 705 692 687 684
Greece

PIT 129 134 137 140 142 143 145 124 141 195 167 164 149
CIT 8.7 8.9 102 82 72 6.7 8.2 79 6.1 3.1 32 5.2 59
Environmental 6.7 6.9 6.5 6.3 6.3 6.0 6.3 79 8.2 9.0 100 102 103
Other 716 708 696 715 723 730 711 718 715 684 700 681 689
Italy

PIT 265 257 260 262 263 275 270 274 269 274 215 278 283
CIT 5.6 58 58 7.1 76 7.1 57 5.5 53 54 5.8 50 47
Environmental 75 72 74 7.1 6.6 6.2 6.7 6.7 74 8.0 79 8.3 7.9
Other 614 612 608 596 595 592 606 604 605 592 588 589 591
Netherlands

PIT 176 160 175 177 187 181 220 214 207 193 187 186 204
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Taxes 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
CIT 8.1 8.8 9.7 9.5 9.5 9.1 6.1 6.4 6.1 59 6.0 6.9 7.2
Environmental 9.5 9.8 100 100 94 9.6 9.9 9.8 9.6 9.1 9.0 8.9 9.0
Other 649 653 627 629 623 633 620 624 636 656 663 656 634
Poland

PIT 128 124 130 137 149 155 145 138 136 139 140 143 144
CIT 54 6.1 6.5 7.1 7.9 7.9 72 6.2 6.3 6.5 55 55 5.7
Environmental 7.1 85 8.1 79 79 77 8.0 8.7 8.3 8.1 7.6 8.1 8.2
Other 741 729 725 713 693 689 703 713 718 716 729 722 77
Slovenia

PIT 150 1560 143 150 147 157 156 150 152 1563 139 138 139
CIT 4.6 5.0 72 7.7 8.6 6.7 49 50 4.5 33 3.3 39 4.0
Environmental 8.7 8.7 8.3 79 8.0 8.1 9.6 9.7 9.4 103 107 106 106
Other 718 713 703 694 688 695 698 703 709 711 721 717 714

Source: authors’ own work based on European Commission (2017).

Table 2. Changes in income and environmental taxation structure in selected EU member states

Taxes 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Bulgaria

PIT&CIT [%] 667 640 603 616 691 637 645 633 624 630 639 657 642
Environ. [%] 333 360 397 384 309 363 355 367 376 370 3671 343 358
€111 - 0.027 0037 0013 0075 0054 0.008 0012 0008 0.005 0009 0018 0015
N - 1.000 1.000 0.656 0155 0148 0104 0151 0182 0155 0113 0.037 0088
Croatia

PIT&CIT [%] 574 581 599 630 653 662 656 596 636 641 628 595 572
Environ. [%] 426 A9 401 370 347 338 344 404 364 359 372 405 428
€111 - 0.006 0.019 0031 0023 0009 0.006 0059 0040 0.005 0013 0033 0023
N - 1.000 1.000 1.000 1.000 71.000 0.865 0144 0320 0336 0255 0.086 0.007
Cyprus

PIT&CIT [%] 688 633 688 739 785 779 767 765 779 782 772 746 744
Environ. [%] 312 367 312 261 215 221 233 235 221 218 228 254 256
€1 - 0.0565 0055 0051 0.045 0006 0.012 0002 0014 0004 0010 0.026 0.002
N - 1.000 0000 0317 0466 0428 0351 0338 0375 0384 0330 0208 0.199
Denmark

PIT&CIT [%] 860 848 86 8.6 852 84 8.1 871 8.1 875 874 88 879
Environ. [%] 150 1562 144 144 148 136 129 129 129 125 126 112 121
€1 - 0.002 0.008 0.000 0.004 0012 0.007 0000 0.000 0.004 0001 0.014 0.009

N - 1.000 0.603 0.608 0.167 0572 0659 0662 0642 0.685 0.6561 0.746 0.487




123

EKONOMIA | SRODOWISKO 1 (68) * 2019 Environmental policy and management

Taxes 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Estonia

PIT&CIT [%] 810 791 754 762 771 770 715 692 697 708 737 735 742

Environ. [%] 190 209 246 238 229 230 285 308 303 292 263 265 258

e - 0.019 0.037 0.008 0.009 0001 0.054 0023 0005 0.010 0029 0.002 0.007
N - 1.000 1.000 0746 0530 0538 0732 0773 0713 0609 0371 0376 0.328
Greece

PIT&CIT [%) 762 764 785 778 771 778 782 719 711 715 666 679 670

Environ. %] 238 236 215 222 229 222 218 281 289 285 334 321 330

€1 - 0.002 0021 0.008 0.007 0.007 0.004 0063 0008 0.004 0049 0.014 0.010
N - 1.000 1.000 0509 0235 0352 0404 0387 0428 0381 0557 0442 0469
Italy

PITRCIT [%] 805 813 810 83 838 847 830 830 8.4 803 808 798 808

Environ. [%] 195 187 190 177 162 153 170 170 186 197 192 202 192

€t - 0.008 0.003 0013 0015 0010 0.0177 0000 0016 0.011 0005 0.010 0.010
M - 1.000 0491 0770 0859 0888 0383 0380 0105 0025 0023 0071 0.022
Netherlands

PIT&CIT [%] 729 716 730 732 749 740 739 740 735 735 732 740 755

Environ. [%) 2711 284 270 268 251 260 261 260 265 265 268 260 245

€111 - 0.013 0.014 0002 0017 0.009 0.001 0001 0004 0001 0003 0.008 0014
N - 1.000 0.041 0097 0437 079 0169 0.182 0097 0.087 0042 0.152 0.291
Poland

PIT&CIT [%) 70.1 685 705 725 743 751 729 098 706 715 720 T71.0 709

Environ. [%] 299 315 295 275 257 249 271 302 294 285 280 290 291

e - 0.0177 0021 0019 0.018 0008 0.022 0032 0008 0.009 0005 0017 0.001
N - 1.000 006 0408 0.550 0595 0265 0.029 0031 0091 0119 0049 0.046
Slovenia

PIT&CIT [%] 693 698 721 743 745 735 683 672 676 643 615 625 628

Environ. %] 307 302 279 257 255 265 317 328 324 357 385 375 372

€1 - 0.005 0023 0.022 0002 0010 0.053 0011 0004 0.033 0028 0.010 0.003
N - 1.000 1.000 71.000 1.000 0687 0092 0172 0133 0309 0411 0338 0.321

Source: authors” own work based on European Commission (2017).

According to the value of n,, measure, the changes of income and environ-
mental taxation structure in favour of environmental taxes show a weak (in
case of Greece) or a very weak (in case of Estonia and Slovenia) tendency to
keep a steady direction. On the contrary, the evolution of the observed struc-
ture in Denmark evinces a weak trend to decrease in the share of environ-
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mental taxes. In other six analysed member states incidental fluctuations of
tax shares in the long period do not lead to consequent changes against the
structure of the first period.

Conclusions

In recent years, countries have implemented some forms of ETR unilater-
ally according to their own needs, capabilities and political benefits of gov-
ernments. Only in some cases it existed coordinated action in the European
Union, positive inspiration or reaction on negative behaviour of other states.

The environmental tax reform can be defined as the action of state
authorities to enhance the role of environmental taxes in the tax system of
the country. It consists in increasing environmental taxes and reducing con-
currently other taxes. In this study the significance of changes in taxation
structure in selected EU member states has been analysed by means of struc-
tural change degree measure. The direction of these changes has been exam-
ined using structural changes monotonicity measure. A weak trend to shift
slightly from income taxes to the environmental ones has been observed only
in three out of ten analysed member states. It can therefore be concluded that
ETR has not been implemented so far in sufficiently satisfactory terms to
fully assess its effects. In general, reductions in rates for payroll taxes and the
introduction of new tax credits or extension of the existing ones have only
been partially offset by a transfer to other forms of taxation. The average
level of environmental taxation in the EU remains at a similar level in relation
to GDP or to total taxes as compared to 2003.

It should be emphasized that this study focuses on examining the rela-
tionship between specific types of taxes. Due to the limited scope of the study,
the broadly understood fiscal instruments related to environmental protec-
tion have not been included, i.e. subsidies and tax expenditures such as tax
credits and allowances in income taxes. It focuses closely on specific types of
taxes.

The implementation of ETR requires the emphasis on both fiscal and
environmental purposes to focus public discussions on key themes, such as
the advantages and disadvantages of environmental taxation, as compared to
other types of taxation and the relationship between general taxation and
expense demands. ETR and, more broadly, the EFR must be implemented
prudently, without succumbing to pressure from the business or industrial
lobby and not in order to derive political benefits. Otherwise, the effects of
the reform will be destroyed by arbitrary rebates and tax exemptions, as well
as subsidies granted to energy-pressure industries at the expense of low-in-
come households.
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ABSTRACT: The aim of the research was to select soil improver which will enhance the soil fertility and
to assess the effect on the growth and yielding of lettuce. Algal biomass from the species Scenedes-
mus acutus, Chlorella vulgaris and soil supplement — zeolite was used in the laboratory experiment.
Four fertilizing combinations were used for each plant three times. Doses of fertilizers were estab-
lished according to the content of nitrogen. Physicochemical analysis of the soil, tested substrates
and plant growth parameters were examined. Algal biomass had the greatest impact on the improve-
ment of soil fertility and plant productivity. Fertilization with Scenedesmus acutus caused the increase
of almost all soil parameters, e.g. an increase in total organic carbon by 3694 mg kg-1, Kjeldahl's
nitrogen by 1287 mq kg-1. It was found that algal can be used in organic farming, in which the use of
soluble mineral fertilizers is impermissible.
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Introduction

By the year 2050 the world population will reach 9.6 billion and genera-
tions are expected to be much wealthier and urbanized than nowadays (PRB,
2017). These changes result in rapid increase in food and feed demand and
as a consequence may lead to environmental risks such as soil depletion.
Approximately 52% of the land used for agricultural purposes worldwide is
moderately or severely affected by soil degradation (FAO, 2015). Economic
data indicates that since 2008 land degradation affects as much as 1.5 billion
people on the world.

The value of the agricultural market is strongly dependent on the quality
of soil which is assessed in Poland as one of the lowest in EU countries.
Organic matter content in Polish soils oscillated between 0.5-10% (RDP,
2017). Soil acidity is another problem to face it because approximately 50%
of soils are highly acidic (Staficzyk-Mazanek et al., 2012). Over 50% of arable
land belongs to unfavorable farming conditions (OPR, 2017). Diminishment
of soil fertility is caused by overusing of chemical fertilizers and its improper
use. In Poland the consumption of mineral fertilizers is constantly increasing
as in 2015/2016 amounted to 1895.4 thousand tons and it is projected to
achieve in year 2025 approximately 2300 thousand tons (Sroka, Musial,
2015). Additionally, there is maintained unfavorable ratio of nitrogen, phos-
phorus and potassium in mineral fertilizers (NPK-1.00:0.30:0.48) with too
high share of nitrogen content. Therefore, surplus nitrogen leakage from
agriculture is the main reason of surface and groundwater pollution (CSO,
2017).

Considering the above facts it should be stated that sustainable agricul-
tural approach is highly desirable to eliminate the adverse effect of chemical
fertilizers for human health and the environment while ensuring increase the
yield and quality of crops. Global programs such as those involved in Sustain-
able Development Goals and the Post-2015 Agenda confirm that sustainable
management of natural resources provide opportunities to combat with land
degradation (US, 2015). Also, the 7th Environment Action Programme
adopted by the European Parliament, assumes that by 2020 soil will be man-
aged in a sustainable way and soil remediation will be carried out at an
advanced stage (GIOS, 2014).

Sustainable manner of agricultural practices consists in transition from
conventional to organic farming which reduces negative impacts on the envi-
ronment and as a key point prevents loss of organic matter content. There is
increased financial support within Rural Development Program 2014-2020
which allocates near EUR 700 million for ecological farming. Sobczyk (2014)



-I 30 Studies and materials EKONOMIA | SRODOWISKO 1 (68) + 2019

confirm that number of organic farms keeps constantly increasing, therefore
sustainable development of rural areas in Poland may attain high level in
future years. The sustainable fertility management may be achieved not only
by popular organic fertilizers but by means of algal biomass which has great
potential to provide nutritional requirements in ways similar or better than
traditional green manures such as lupine, phacelia, wheat or barley (Walden-
stedt, 2003). It is well documented by scientific research that algal biomass
may be applied as biostimulant, biofertilizer, seed primer and stimulate
growth and yield of different plants (Boghdady et al., 2016; Badry, Salim,
2016; Garcia-Gonzalez, Sommerfeld, 2016), improve nutrients availability
and nutrients uptake from the soil (Turan, Kose, 2004), enhance tolerance to
environmental stresses (Lichner et al., 2013; Abdel Aziz et al., 2011). The
wide range of benefits of algal biomass used as organic fertilizer has been
evidenced by high content of micronutrients (e.g. Fe, Cu, Zn) and macronutri-
ents (N, P, K, Ca, Mg), plant growth promoting substances, amino acids and
vitamins (Blunden et al.,, 2010; Challen, Hemingway, 1965; Khan et al., 2009;
Stirk et al.,, 2004; Zabochnicka-Swiqtek, 2017). Unlike chemical fertilizers,
algal biomass and their extracts are natural, fully biodegradable, non-pollut-
ing the environment, possible to use in sustainable and organic farming.
Moreover, removal of heavy metals can also be achieved by algal biomass
(Zabochnicka-Swiatek, 2013).

The objectives of the present study were to take into investigation the
following: (i) the influence of adding algal biomass in dry (dry biomass) and
liquid (living biomass) phase on growth and yielding of butterhead lettuce,
(ii) assessment of physicochemical characteristics of fertilized soil.

Research methods

Study site and soil characterization

The study area is located within the city of Czestochowa in the province
of Silesia in Poland on Polish Jurassic Highland. The Czestochowa region is
characterized by average vegetation period - 212 days, 60-80 days of snow
cover in the wintertime and annual precipitation around 650-700 mm. Soils
typical to this area are podzolic soils, brown soils, moor soils and carbonate
soils. Most agricultural soils are characterized by periodic or permanent
water scarcity (66.4%). The quality of soils within this region is relatively
low. Most of arable land belongs to IV and V valuation class (EKO-LOG, 2017).
Predominant soils are light or very light that occupy about 64% of arable
land. Approximately 63% of soils are acidic or highly acidic. Statistical data of
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the Czestochowa region indicates on very low usefulness of agricultural pro-
duction.

The soil used for the experiment is classified as podzolic soil and is
assessed as low-productive and inhomogeneous. Alkaline character of the
soil is probably caused by the human activity in this regions e.g. liming.
According to grain size analysis dominant fraction occurring in the tested soil
is sand. Sources as FAO/WRB (2006) and USDA (2006) allow classifying soil
as sand; in turn other sources PTG (2008) and PSSS (2008) classify the soil as
loose sand. Based on granulometric analysis the agronomic class was estab-
lished as very light soil. Due to The Act from 12th September 2012 on soil
classification the soil is classified as VI valuation class.

Materials and experimental procedure

The pot experiment was conducted in April 2017 under laboratory con-
ditions at Institute of Environmental Engineering, Technical University of
Czestochowa. The experimental soil samples were taken from the area of
Steelworks and prepared for physicochemical analysis The experiment were
performed under sandy soil conditions to study the effect of organic and
inorganic improvers on growth of lettuce and mineral changes of soil. Butter-
head lettuce, variety ‘Attractie’ was used as the object of the research due to
short growing period of this plant ant its high popularity as green vegetable
in Poland. The strains of unicellular green microalgae Chlorella vulgaris were
obtained from the Culture Collection of Baltic Algae (CCBA) in Poland and
had been cultivated in laboratory till the exponential phase and then har-
vested. Dry biomass of Scenedesmus acutus were obtained from University of
Kentucky, USA.

Prior the main experiment, physical and chemical properties of soil and
materials were subjected to analysis. Parameters of soil and materials were
determined by following methods: pH was determined by means of norm
PN-ISO 10390:1997 using ph-meter CyberScan 11, the analysis of dry matter
content in compliance with PN-ISO 11465:1999. Total carbon (TC) was
determined by using Multi N/C 2100 Analytik Jena, the results of Total
Organic Carbon (TOC) was achieved on Spectrophotometer HACH DR/4000
V with wavelength of 600 nm. Kjeldahl’s nitrogen was determined based on
PN-ISO 11261:2002, using Biichi apparatus for mineralization K-435 and
Biichi Labortechnik A6, Model K-355 for distillation with water vapour.
Macro and microelements: P - phosphorus, K - Potassium, Ca - Calcium, Mg
- Magnesium, Fe - iron, Zn - Zinc, Cu - copper were determined in accord-
ance to PN-ISO 11047:2001 by using plasma spectrometer, Spectro Arcos
ICP-OES. For the soil, determination of available forms of phosphorus and
potassium was applied, in compliance with Egner-Riehm method. The avail-
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able content of magnesium was also determined, using Schachtschabel
method. Soil improvers used in the experiments are varied in terms of phys-
icochemical properties and nutrients (table 1). Due to different state of mate-
rials of dry and liquid algal biomass, parameter of TOC was determined for
Scenedesmus acutus, while DOC was tested for Chlorella vulgaris. The values
of pH measured in H,O of all soil improvers are placed within the range of
slightly acidic and neutral values (pH from 6.0 to 7.0). Among organic based
soil improvers the Scenedesmus acutus has relatively high organic matter
content 254 390 mg kg. Dry biomass - Scenedesmus acutus is characterized
by relatively high Kjeldahl’s nitrogen content - 70 387 mg kg'. Chlorella vul-
garis contained significantly increased nitrogen content in the amount of
222 564 mg kgl. Zeolite as representative of mineral additive is especially
rich in potassium and calcium content - 15 444 and 14 064 mg kg™*.

Table 1. Physicochemical properties of soil improvers

Results
Parameter Unit

Scenedesmus acutus  Chlorella vulgaris ~ Zeolite
pH H,0 - 6.0 7.0 6.7
Kjeldahl's nitrogen mg kg’ 70387 222564 106
ToC mg kg’ 254390 nd* nd*
DoC mg kg’ nd* 179074 nd*
P mg kg’ 30529 7901 49
K mg kg’ 3116 16926 15444
Mg mg kg’ 4644 10103 3558
Ca mg kg’ 44484 19553 14064

*not detected

Source: author's own work.

The experiment was arranged in block consist of 4 combinations of ferti-
lization with three replicates. There were planted 12 plants in 0.5 L plastic
pots filled with previously mixed soil with appropriate fertilizer dose. The
pots contained holes at the bottom to provide drainage and were lined with
agrofabric avoiding the undesirable soil run-off. The doses of soil improvers
were determined on nitrogen content which on mineral soils should be at the
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level of 3500 mg kg 1. As the result of different physicochemical composition
of each improver, the doses are varied.

Treatments were as follows:

» dry algal biomass Scenedesmus acutus in the dose of 35.5 g kg,
o living algal biomass Chlorella vulgaris in the dose of 11.6 g kgt
e zeolite in the dose of 35.5 g kg™,

¢ control - tap water without fertilization.

The soil improvers were applied in time of plants transplantation. The
whole fertilization procedure was conducted in accordance with good agri-
cultural practice in order to avoid over-fertilization and its side effects.

Plants were cultivated thought the entire experiment in greenhouse con-
ditions by means of phytotron chamber. They have grown in the period of one
month with conditions such as 12 h daytime with temperature around 18°C
and nighttime 12°C. The irrigation of plants was done regularly by hand. The
plants were harvested at the end of experiment and growth parameters were
measured. Also, physicochemical analysis of the soil subjected to fertilization
was performed.

Results of the research

Determined pH analysis indicated that soil is alkaline. The Kjeldahl’s
nitrogen in the examined soil amounted to 806 mg kg* which ranks the soil
below the average value of nitrogen for Polish mineral soils - 1200 mg kg.
Similarly, total organic carbon in the soil is as low as - 7493 mg kg'! in com-
parison to the average value occurring in the soils - 11 200 mg kg1. Carbon
to nitrogen ratio of tested soil (C/N = 9.64) is similar to the other soils of
Poland. The nutrients levels of phosphorus, potassium, calcium and magne-
sium in the soil are lower than the average level of nutrients of Polish soils.
The values of available phosphorus and potassium ranks the soil in the aver-
age fertility class for which range of limit numbers are 10.1-15.0 mg P,05 100
gland 7.6-12.5 mg K,0 100 g7, respectively. The available magnesium con-
tent of the soil with the amount of 5.88 mg Mg 100 g'! is reported as high due
to limit numbers for high fertility class which are: 4.1-6.0 mg Mg 100 g.
Humic acids content extracted from the tested soil on the level of 4.75 g kg!
is indicated as low. Most of above mentioned results point out that examined
soil is characterized by low quality and low agriculture suitability. Therefore,
fertilization is required to recover soil productivity and provide nutrients
necessary for plants growth. The effects of fertilization on the soil are varied,
depending on applied soil improvers (table 2).
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Table 2. Effect of organic and mineral additives on the soil (Mean £ SD)

Parameter Unit Control ggz?:sdesmus Sg/ggfﬁa Zeolite
pHKCI mg kg 7.640.02 7.74¢0.01 7.6£0.01 7.410.02
pHH,0 mg kg’ 7.810.02 7.910.02 7.7£0.01 7.640.01
Kjeldahl's nitrogen  mg kg’ 939161 22264135 996435 82847

TC mg kg'! 17806+859 2598411244 19010£788 nd*

TOC mg kg 85271836 122214317 12411 1451 939311384
C/N ratio - 9.08 549 13.12 11.34

P mg kg 140411 561470 17645.6 143413

K mg kg’ 57417 61179 716£10 1651+160
Mg mg kg 89518 973164 1079432 1242+ 99
Ca mg kg 4278 +38 4675231 4967 +144 5389125
Cu mg kg 20.5+0.4 17.4+0.2 244410 20.81.4
Zn mg kg’ 403 15 305148 494 £15 409136

Fe mg kg 138414111 113594624 1569041034 134324680
Available P mg P,0;100g" 12041 160.35 15141 12.310.5
Available K mgK,0100g"T  9.0+0.8 16.8 +1 83103 21.540.8
Available Mg mgMg 100g" 64103 126109 6.140.1 6.7t0.5

*not detected
Source: author's own work.

The use of zeolite caused decrease of pH from 7.60 to 7.40, while algal
based soil improvers maintained pH on similar range. However, the soil after
treatment with different soil improvers maintained alkaline character. There
was observed increase of Kjeldahl’s nitrogen content among soil improvers
excluding zeolite. The greatest increase was noticed after addition of dry
algal biomass Scenedesmus acutus - 2.4 fold increase compared to control.
The analysis of the soil pointed out that algal based soil improvers are rich in
organic carbon content to similar degree. Among them, Chlorella vulgaris
caused the greatest increase of organic carbon content, namely 1.4 increase
compared to control soil. Carbon to nitrogen ratio decreased in case of using
Scenedesmus acutus while addition of Chlorella vulgaris, and zeolite caused
increase of C/N ratio at similar degree. As a result of fertilization, the content
of macronutrients: phosphorus potassium, calcium and magnesium were
changed in comparison to control soils. After application of Scenedesmus acu-
tus the total phosphorus content increased up to 561 mg/kg which constitute
4 fold increase compared to control soil. The zeolite is considered to be the
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best additive in terms of enrichment the soil in potassium content - 1651 mg
kg1, while control soil include only 574 mg kgl. The greatest increase of
magnesium and calcium content was recorded after zeolite treatment. Rela-
tively high content of magnesium was observed in the soil when Chlorella
vulgaris was added - 1079 mg kg%, Given data of microelements showed that
Chlorella vulgaris applied to the soil caused the considerable increase of cop-
per, zinc and iron content compared to control and other soil improvers. For
each type of applied treatment the content of available phosphorus increased.
The range of limit numbers for available phosphorus content for average,
high and very high fertility class are respectively: 0.1-15; 15.1-20.0 and from
20.1 mg P,05 100 g*. The significant increase was observed in the soil treated
with Scenedesmus acutus for which the value amounted to 160.3 mg P,05 100
g1 and soil fertility class changed from average to very high. In case of fertili-
zation with Chlorella vulgaris the soil fertility class changed from average to
high. The zeolite fertilization resulted in the highest increase of available
potassium content (21.5 mg K,0 100 g'1) which caused change fertility class
from average to very high. Limit numbers for average, high and very high
fertility class for available potassium content are following: 7.6-12.5 mg K,0
100 g'1; 12.6-17.5 mg K,0 100 g and greater than 17.6 mg K,0 100 g?,
respectively. The application of Scenedesmus acutus caused change of the soil
fertility class from average to high, while the use of Chlorella vulgaris caused
slight decrease of available potassium, maintaining the fertility class at aver-
age level. The highest increase of available magnesium was found in case
of application of Scenedesmus acutus for which the value was 12.6 mg Mg
100 g1, respectively. The soil is regarded as highly rich in available magne-
sium content when the values are greater than 6.1 mg Mg 100 g1

The soil improvers differently influenced on growth parameters of let-
tuce (table 3). The pot experiment showed that generally all treatments influ-
enced positively on growth of lettuce. Among all of soil improvers the great-
est amount of leaves was recorded for Chlorella vulgaris treatment - 1.4 fold
increase compared to control. Leaves length after treatment with zeolite and
Chlorella vulgaris was the same (8.93 cm). It was observed that roots length
in fertilized plants were better developed and branched compared to control.
The longest roots and the best developed was characterized for plants ferti-
lized with Chlorella vulgaris. The effects of applied Scenedesmus acutus are
not presented in the table because plants did not survive the experiment. The
probable factors could be physiological stress of plants in reaction for trans-
plantation and overwatering which caused damage to plants, however
over-fertilization is excluded.
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Table 3. Effect of natural and organic soil improvers on growth parameters of lettuce

(Mean £ SD)
Number Leaves length Leaves width Roots length
Treatments
of leaves [-] [em] [cm] [cm]
Control 5.00+0 7.4010.4 2.300.1 8.9710.7
Chlorella vulgaris 7.000 8.9340.1 2.80+0.2 9.2740.6
Zeolite 6.33t0.9 8.93+0.2 2.230.1 7.6741.3

Source: author's own work.

Discussion of the results

The experiment revealed that natural and organic amendments effi-
ciently improved properties of low-productive and sandy soil. The literature
sources confirm that optimum range of pH suitable for proper plants growth
and development is: 5.5-7.2 (Dysko et al.,, 2014) hence the studied soil is
beyond this range. Soil improvers applied to the soil did not exhibit consider-
able changes of pH compared to control. Addition of zeolite caused decreased
of pH while in other literature sources was found that zeolite usually is
responsible for increase of pH levels (Ming, Boettinger, 2001). Algal based
materials used for fertilization due to organic matter content and buffering
properties allow for counteracting pH changes (Tiessen et al., 1994). The
study results found out that algal biomass constitute big reservoir of nitrogen
content-as much as 2.4 fold increase of Kjeldahl’s nitrogen in the soil treated
with Scenedesmus acutus compared to control soil. Addition of zeolite is
favourable due to falling trend of nitrogen loss which was reported by Wang
etal. (2017).

Algal based soil improvers incorporated similar and also significant
amounts of total organic carbon to the soil. Addition of organic matter con-
tent is strongly associated with cation exchange capacity which was observed
within study of Habashy and Abdel-Razek (2011) where cation exchange
capacity increased the most in the soil treated with seaweed extract and zeo-
lite. C/N ratio was subjected to changes in all of treatments. The narrowing of
C/N was recorded when Scenedemsus sp. was applied. The increase of C/N
occurred after treatment with Chlorella vulgaris and zeolite. The all soil
improvers enhanced mineralization processes in the soil because it is
reported that C/N ratio smaller than 15.0 favours mineralization while
C/N>20.0 s cause immobilization processes (Fertilizers Europe, 2016). The
applied natural and organic amendments resulted in increase of macro- and
micronutrients to varying degrees. The highest increase of total P content
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was recorded for soil treated with microalgae Scenedesmus acutus which is
4 times more than result obtained for control. Similarly the available Mg and
P content was the highest for Scenedesmus acutus which caused change of
soil fertility class from average to very high. It was observed that high P con-
tent influenced on decrease of content of micronutrients - Cu and Zn com-
pared to control soil. Such obtained data are in agreement with literature
which reported that surplus of PO* ions cause immobilization of Zn and Cu
and additionally may be the reason of formation sparingly soluble calci-
um-phosphate salt when pH>7 (Fang et al., 2012; Wandruszka, 2006).

Compared to other soil improvers, the application of zeolite resulted in
the considerable increase of total K, Mg and Ca content. Also, the value of
available potassium content for zeolite was the highest (21.52 mg K,0 100
g1) which placed the soil in the very high fertility class. The calcium content
was at similar level at fertilized soils. Taking into account the results of micro-
nutrients: Zn, Cu and Fe, it can be concluded that the use of Chlorella vulgaris
had the greatest impact on the increase of given nutrients in the soil followed
by zeolite and Scenedesmus acutus. The stimulatory effects of dry and living
algal biomass was tested in the experiment conducted on Lectuca sativa by
Faheed and Abd-El Fattah (2008) and revealed that application of 2 and 3 g
kg of dry microalgae - Chlorella vulgaris significantly increased growth
parameters of lettuce and content of chlorophyll. The other experiments
used urea, poultry compost, dry and living blue green algae - Anabaena sp. as
organic fertilizers and then recorded the highest increase of P, Zn and Fe con-
tent and all lettuce growth parameters for dry biomass of algae (Abuye,
Achamo, 2016). The above results are in line with this experiment where dry
algal biomass - Scenedemsus acutus achieved the highest nutritional values.
The vast majority of literature sources focused of using algal extracts or algal
compost as organic fertilizers and achieved favorable results concerning high
plants growth and considerable improvement of physicochemical properties
of soil (Michalak et al., 2016; Garcia-Gonzalez, Sommerfeld, 2016). The inor-
ganic but of natural origin soil amendment - zeolite is proved to be good
quality mineral fertilizer. For instance, the application of zeolite in the
research of Eprikashvili et al. (2016) and Wang et al. (2017) resulted in
increase of germination index and the nutrients content.

So far, the combination of mixed organic and chemical fertilizers were
examined in different literature sources and resulted in the high yield of agri-
cultural crops (Islam et al.,, 2017; Priyadarshani, 2013). Based on those results,
the range of this experiment may be broaden by combining zeolite with algal
based materials to sustain soil fertility and obtain high yields in a sustainable
way without using chemical fertilizers. What is more, study of Habashy and
Abdel-Razek (2011) revealed that application of algal extract is beneficial
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from the economic point of view because of the highest net income 4554 LE
fed-1 compared to other fertilizers.

Itis recommended to conduct further experiment under field and labora-
tory conditions to fully exploit high potential of algal based additives as
organic fertilizers. Encouraging farmers to transition from conventional to
organic farming is a key point in diminishment of environmental pollution
and reduction of chemical fertilizers and hence practices sustainable agricul-
tural approach (Mieszajkina, 2016). Data collected by Bryta (2015) indicates
that Poland has a high place - 4th in terms of organic food producer and 5th
place regarding the area of organic crops in Europe. Implementation of new
methods of organic fertilization is crucial due to intense and dynamic growth
in the market value of organic food in developed countries.

Conclusions

According to the obtained results the following conclusions can be drawn:

1. Algal based soil improvers are valuable source of organic matter content
and may replace chemical fertilizers.

2. Organic and mineral soil improvers of natural origin significantly
increased growth parameters of examined plants.

3. The application of Scenedesmus acutus considerably improved physico-
chemical parameters of soil, increasing its fertility.

4. In soil, increase of total organic carbon by 3694 mg kg1, Kjeldahl’s nitro-
gen by 1287 mg kg'!, total phosphorous by 421 mg kg, available phos-
phorus by 148.3 mg P,0:; 100 g* was found after application of Scened-
esmus acutus.

5. Application of Chlorella vulgaris resulted in the greatest increase in the
soil parameters: total organic carbon up to 12 411 mg kg, Kjeldahl’s
nitrogen up to 996 mg kg and C/N ratio up to 13.12.

6. Zeolite as mineral additive caused great contribution of macro nutrients
in the soil: potassium - 1651 mg kg'!, magnesium 1242 mg kg, calcium
- 5389 mg kg! and available potassium content - 21.5 mg kg%, Simulta-
neously, after the application of zeolite, no improvement in lettuce growth
was observed.

7. The most beneficial effect on lettuce was observed after fertilization with
Chlorella vulgaris due to the observed increase number of leaves up to 7,
leaves length up to 8.93 cm, leaves width up to 2.80 cm and increase of
roots length up to 9.27 cm.
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Introduction

One of the most important infrastructures in the urbanized area is the
rainwater drainage system, which drains excess rainfall from the catchment
area to a natural watercourse like a river or a lake - away from urban areas.
The construction of rainwater drainage systems is one of the most expensive
investments in infrastructure. Such systems are usually designed to last at
least 50 years or even 100 years.

Rainwater drainage should protect against the effects of extreme rainfall
causing significant economic and social losses. However, it is not possible to
achieve its fully reliability, neither now nor in the future, due to the stochastic
nature of precipitation. Safe design of sewerage systems is aimed at ensuring
an adequate standard of drainage of the area, which is defined as adapting
the system to accept forecasted maximum rainwater streams with a fre-
quency equal to the allowed (socially acceptable) frequency of their flooding
on the area (Kotowski, 2015). The standard EN 752 (2017) limits the permis-
sible frequency of sewer overflow to once every year for areas of very low
importance (e.g. roads and open spaces located away from buildings), to,
among others, once every 5 years for areas of medium importance (e.g. roads
and open spaces located near buildings), up to once every 50 years for areas
of very high importance (e.g. critical infrastructure). Examples of project cri-
teria for outflows according to EN 752:2017 are presented in table 1.

Table 1. Examples of design sewer flooding criteria for standing floodwater

Examples of design sewer

Impact Example locations flooding frequency, years
Very low Roads or open spaces away from buildings 1

Low Agricultural land 2

Low to medium Open spaces used for public amenity 3

Medium Roads or open spaces adjacent to buildings 5

Medium to high Flooding in occupied buildings excluding basements 10

High Deep flooding in occupied asements or road underpasses 30

Very high Critical infrastructure 50

Source: EN 752, 2017.

The issue of drainage of rainwater from urbanized areas has gained spe-
cial significance in recent years. On the one hand, the continuing sealing of
the surface area results in increased rainwater runoff coefficients, which in
turn leads to hydraulic overloading of rainwater drainage systems or com-
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bined sewer systems (Kotowski, 2015). On the other hand, more and more
attention is given to climate change, especially in the context of global warm-
ing and the increased occurence of extreme weather events (Schiermeier,
2011; Walsh et al,, 2016; Dai, 2011; Kundzewicz et al., 2012), although there
isno consensusas to their causes (Dgbrowski, Dgbrowska, 2012). The increase
in the average annual temperature on the globe causes increased water circu-
lation in the hydrological cycle and influences, among others, the frequency
of extreme precipitation. Due to global warming and anthropogenic activi-
ties, extreme precipitation will become more common and will have a nega-
tive impact on the functioning of rainwater drainage systems (Kazmierczak,
Kotowski, 2014; Fleig et al,, 2015). Potential problems with the functioning
of sewage systems related to climate change include flooding of surfaces and
basements, increased number and volume of stormwater, as well as increased
volume of sewage flowing into the sewage treatment plants (Saboia et al,,
2017; Ahmed et al., 2016; Kotowski, 2013).

Urban infrastructure planners and designers should use the forecasted
changes in the occurrence of intense precipitation to adapt urban drainage
systems as part of the reconstruction of aging infrastructure. To meet the
combined challenges of climate change and urbanization, carefully selected
adaptation measures that would require technical, economic and political
commitment are needed (Semadeni-Davies et al., 2008; Yazdanfar, Sharma,
2015; Arnbjerg-Nielsen et al., 2013). The technical adaptive solutions include
increasing diameters of sewers, constructing retention reservoirs and sepa-
rating sewage into domestic wastewater and rainwater (Fratini et al., 2012;
Kirshen et al., 2015). However, it should be noted that the current practice of
drainage of land involving the discharge of rainwater away from urban areas
is increasingly being put into question (Wong, Brown, 2009; Spatari et al,,
2011). Green infrastructure is mentioned increasingly as one of the adapta-
tion solutions aimed at utilizing rainwater at the place of intake (Fratini et al.,
2012; Hostetler et al., 2011). The adaptation of urban infrastructure deter-
mined by the changing climate will become increasingly important to enable
safe living in the cities in the future.

The aim of this work is to analyze the variability of daily precipitation
recorded in Wroctaw between 1960 and 2017. The frequency of daily precip-
itation in a year was classified from very weak (less than 1.0 mm) to disas-
trous (over 100 mm). In addition, the precipitation trends were determined
using linear regression and the Mann-Kendall test for predicting their future
frequency.
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Materials and methods

Daily precipitation records from the Institute of Meteorology and Water
Management (IMWM) meteorological station from the time span 1960-2017
were used as a research material. The meteorological station of IMWM in
Wroclaw is a part of national measurement and observation network at
hydrological and meteorological service. The station coordinates: 51-06 N,
16-54 E; terrain altitude: about 120 m above sea level. The classification of
daily rainfall was made using the Olechnowicz-Bobrowska criterion (Olech-
nowicz-Bobrowska, 1970), extended by the criteria presented in the paper
(Lorenc et al., 2012). As a result, daily precipitation was divided into 9 cate-
gories, depending on their sum (table 2).

Table 2. Criteria of daily rainfall

Rainfall criteria Daily sum, mm
Very weak 0.1-1.0

Weak 1.1-5.0
Moderate 5.1-10.0
Moderately strong 10.1-20.0
Strong 20.1-30.0
Dangerous 30.1-50.0
Constituting flood hazard 50.1-70.0
Flood 70.1-100.0
Disastrous 2100.1

Source: Lorenc et al., 2012.

The classic linear regression and the non-parametric Mann-Kendall test
were used to detect trends in the changes in precipitation time series. This
test answers the question as to whether the values measured in the time
series {x;, X,, ..., X,} have a tendency to gradually increase or decrease (Schier-
meier, 2011). The Mann-Kendall test analyzes the sign of the difference
between successively measured measurement values. The newly measured
value is compared to all previously measured values, which gives a total of
n(n-1)/2 of possible data pairs, where n is the number of observations.
Statistic S of the test is calculated using the following formula:
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S:nz_f i sgn (x; — x;). (1)

i=1 j=i+1

By substituting (x;- x;) = 6 we get:

1ford >0
sgn(@) =4 0for@ =0 - (2)
—1for6 <0

If the statistic S is positive, the newly measured values are greater than
those measured earlier, which indicates an upward trend in the measured
values x. Otherwise, there is a downward trend. The rate of the change of the
analyzed trend in time can be described by the directional coefficient of the
straight line expressed by Sen’s slope estimator:

J—1

f = mediana (u), (3)

calculated for every i<j, wherei=1,2, .., n-1andj=2,3, .., n.

Changes (increases or decreases) at a materiality level above 95% are
considered statistically significant. A change with the significance level from
90 to 95% is assumed to be close to statistical significance, while changes
with the significance level from 75 to 90% are considered as a tendency to
change. Changes at the level of significance below 75% are considered as
irrelevant and without a specific direction of change (Pinskwar, 2010).

Results

In Wroctaw in the years 1960-2017 a total of 8295 days with precipita-
tion were registered, of which 7491 were classified (according to the classifi-
cation presented in table 2) as very weak, weak or moderate. The number of
instances of daily precipitation with a volume exceeding 10 mm was much
lower (804 in total). The summary of the number of days with precipitation
in individual categories registered in Wroctaw in the years 1960-2017 is pre-
sented in table 3.
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Table 3. Number of days with precipitation according to criteria

Rainfall criteria I @6y TS [ G
with precipitation with precipitation

Very weak 2892 49.86

Weak 3497 60.29

Moderate 1102 19.00

Moderately strong 581 10.02

Strong 139 2.40

Dangerous 71 1.22

Constituting flood hazard 1 0.19

Flood 2 0.03

Disastrous 0 0.00

Source: author's own work.

The linear regression (y = ax + b) and the Mann-Kendall test were used to
determine the trends of the change in the number of days with precipitation
representing individual categories in the years 1960-2017. Due to the very
small number of days with daily precipitation exceeding 70 mm, the precipi-
tation representing the last three categories was grouped for further analy-
sis. The calculation results are presented in table 4 and in figure 1. The trend
line is marked red for linear regression and blue for the Mann-Kendall test.

Table 4. Trends in the number of days with precipitation according to criteria

Linear regression

Mann-Kendall test

Rainfall criteria

R2 a Iii\g,];iﬁcance s 8 ISei\glggliﬁcance
Very weak 0.010 0.054 54.8% 54 0.000 27.8%
Weak 0.001 0.021  225% -52 -0.028  26.8%
Moderate 0.017 -0.036  66.4% 147 -0.034  67.4%
Moderately strong 0.092 -0.056  98.0% -297 -0.044  955%
Strong 0.020 0.013  71.2% -194 0.000  81.4%
Dangerous 0.000 -0.000  1.7% 63 0.000  34.0%
Constituting flood hazard, flood 0.000 0.000 749 19 0000 13.7%

and disastrous

Source: author's own work.
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Analysis of the changes in the number of days with precipitation of par-
ticular categories (table 4) showed a statistically significant downward trend
for moderately strong precipitation (10.1-20.0 mm). In case of other catego-
ries of precipitation, the tests did not show statistically significant changes in
precipitation in Wroctaw in the years 1960-2017.

Summary and conclusions

The study analyzed daily precipitation recorded in Wroctaw in the years
1960-2017. In total, 8295 days with precipitation were recorded during this
period, of which 90.3% were days with very weak (0.1-1.0 mm), weak
(1.1-5.0 mm) and moderate precipitation (5.1-10.0 mm) that occurred 2892,
3497 and 1102 times, respectively. Consequently, such precipitation occurs,
on average, 50, 60 and 19 times a year.

Moderately strong precipitation (10.1-20.0 mm), strong precipitation
(20.1-30.0 mm) and dangerous precipitation (30.1-50.0 mm) occurred 581,
139 and 71 times respectively, i.e. 10, 2.4 and 1.2 times a year on average.
Precipitation constituting flood hazard (50.1-70.0 mm) and flood precipita-
tion (70.1-100.0 mm) occurred only 11 and 2 times, while disastrous precip-
itation (above 100.0 mm) was not recorded during the analyzed period.

Analysis of the variability of the number of days with precipitation of par-
ticular categories showed a statistically significant downward trend for mod-
erately strong precipitation (significance level of 98.0% and 95.5% - for lin-
ear regression and Mann-Kendall test respectively). A drop in the number of
days with moderately strong precipitation was approx. 0.5 per decade. In case
of other categories of precipitation, the tests did not show statistically signif-
icant changes.

It should be noted that for urban hydrology the most important is the
short-term precipitation, with duration spanning from several minutes to
several hours. These are the most intense rainfalls that can cause hydraulic
overloading of drainage systems. Analysis of the changes in the duration of
short-term rainfalls shall be the goal of further research that will comple-
ment this work.
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Introduction

The hydraulic and quality water supply network models are a huge
source of information about the system being operated. The dynamic models
of water distribution systems are particularly useful in diagnosing the state
of the operating system, developing the concept of expansion or moderniza-
tion of water supply systems (Haimes, 1998; Hallmann, Suhl, 2016; Mielcarze-
wicz, 2000; Zimoch, 2012; Zimoch, Lobos, 2012).

The failure in water supply network can disturb the operation of water
supply network (Blokker, 2006; Boryczko et al.,, 2014; Tchérzewska-Cieslak
et al. 2018; Tchorzewska-Cieslak, Pietrucha-Urbanik, 2014; Tchorzews-
ka-Cieslak, Rak, 2010). The failure occurrence of water pipes can influence
waterworks company and the water consumers. The emerging consequences
can cover the following spectrum of losses, from financial losses to losses
which are difficult to estimate, such as losses related to the decrease of life
quality or health loss due to lack of water or poor quality water (Iwanejko,
Wieczysty, 2001; Rak, 2004; 2008; Zimoch et al.,, 2007). In this case calculat-
ing the real value of losses in the monetary units can be the best solution for
the further implementation in risk management. However, obtaining such
values can constitute the extremely difficult issue, also related to criterial
reliability values of communal water supply systems (Roman, 1986).

A number of water supply systems and obtained results for almost whole
range of pipe diameters, distinguishing pipe age and material, operating con-
ditions and seasonality, were analysed (BS EN 15975-2:2013; Hotlo$, 2007;
Karamouz et al. 2010; Kowalski et al. 2015; Koztowski, 2018; Kroélikowska,
2011; Kutylowska, 2015), but the issue of losses resulting from failure of
water pipes still remains to be developed.

By conducting computer simulations it is possible to test various possible
solutions and to compare the effects between them (Bene, Selek, 2012;
Knapik, 2001; Wierzbicki, 2015). The effect of the study is that universal indi-
cators of losses resulting from the failure of waterworks pipes seem neces-
sary to be obtained.

Research methodology

Research object

In the work two water supply systems were distinguished.
Water supply system (A) is supplied from three independent water
intakes. The distribution of water to consumers takes place through water
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supply network, which has a ring-radial system, which positively affects the
assessment of the reliability of the water supply system. The total length of
the water supply network is approximately 400 km. The material structure of
the water supply network is as follows: grey cast iron 30%, steel 1%, PVC
34% and PE 35%. In terms of the age structure of the water supply network
pipes is as follows 5 years - 5%, from 6 to 10 years - 11%, from 11 to 20
years - 28%, over 20 years - 56%, where: from 21 to 30 years - 22%, from 31
to 50 years - 32%, over 50 years - 2%. Almost 50 thousand of inhabitants are
being supplied from distinguished water supply network with the average
daily water demand through the year equal to 13,3 thousand m3/d. The fail-
ure rate for distributional pipes in last year of observation equals to 0,38
km- year. The failure rates in the concerned system are below the 0,5 km-1
- year-, which can be considered as an average failure rate according to the
criteria presented in (Kwietniewski, Rak, 2010; Kwietniewski, et al., 1993).

Network of water supply system (B) is made almost entirely of PVC, pipe-
lines that have been damaged are converted into PE. The total length of the
network is 250 km. The intake of water is a set of four wells with a total
operating capacity of 110 m3/h. Distribution of water to users is conducted
through the water supply network system, which is ring-radial, which posi-
tively affects the water supply reliability. The average daily water consump-
tion is 500 m3/d. Comparing the determined failure rate of the tested net-
work (0,11 km - year) to the rigorous criteria related to the main network
and amounting to 0,3 km™ - year! (Rak, 2005). This is probably due to the
young age of the water supply network, the oldest sections of which are only
25 years old.

The Hydraulic Model of Water Supply Network

The hydraulic model of the water supply network was created in the
Epanet 2 program on the basis of real operational data received from the
water supply company.

The research methodology consists in determining the consequences of
failure of selected sections, including the water supply risk indicators pre-
sented in point 3.2. For each pipe in which the failure was simulated, the
duration and consequences of the failure were determined. In the work, the
hydraulic model of the water supply network was created using the EPANET
2.0 program. It is a program that performs extended hydraulic simulations
and simulations of water quality behaviour in pressure networks. The net-
work is made of pipes, nodes, pumps, valves and storage tanks or reservoirs.
During the simulation, the EPANET program enabled tracking water flow in
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pipes, pressure changes in individual nodes, changes in water level in all
tanks.

The purpose of the water supply failure analysis is to present the hydrau-
lic effects of failure of individual water supply network pipes of the consid-
ered water supply systems. The following factors such as range, duration of
failure and the number of inhabitants without water, were examined.
The hydraulic models created on the basis of the program Epanet 2 were
used for the analysis of failures of each distributional pipe by determining
the difference in pressure in the network nodes in failure-free conditions and
during failures. State of emergency was simulated by closing the individual
sections of the network.

Implementation of Water Pipe Failure Risk Indicators

The following water pipe failure risk indicators were implemented
according to the methodology presented in (Pietrucha-Urbanik, Studzinski,
2018) and adapted from (Kwietniewski et al., 1993; Wieczysty, Iwanejko,
1996).

The probability of pipes exclusion was calculated on the basis of opera-
tional data. It can be determined using the formula describing the empirical
probability (KwietniewsKi et al. 1993; Wieczysty, Iwanejko, 1996):

T

P=——2 (1)
Twi + Tci
where:
T (h) is the average working time without failures,
Towi=1/N

T, (h) is the average segment closing time during its repair.

T,=—F—, (2)

where:
2; is the failure rate (d1- km1),
lis pipe length (km).

The risk indicator is based on the expected value of water shortage R, -
the indicator which binds the probability of failure and resulting water short-
age.
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Itis determined according to the dependence (Wieczysty, Iwanejko, 1996):

_E®)

R =1 (3)
n
where:
Egs) is an expected value of water shortage during the relevant period [m?],
V, is total volume of water needed in the given balancing period, usually calcu-

lations are carried out for 1 day, hence Vn is assumed as a nominal daily
demand Q, [m3].

Index of Average Time of Water Not Supplied (ATWNS) distinguish the
time in which the water supply does not meet the requirements of the con-
sumer, below the acceptable standards, both in quantitative and qualitative
way and is expressed by time (hours) of exposure of the statistical water con-
sumer per year, determined as (Pietrucha-Urbanik, Studzinski, 2019) the
multiplication the duration of the i-th failure (h) - T,;and the number of inha-
bitants affected by the i-th failure - INH; per a number of residents supplied
by the water supply system - INH,.

The range of the failure consequences can be calculated as the expected
number of customers without water due to failure of the pipe. In this case the
risk indicator is the expected number of residents affected by water deficit
E(INH) (Pietrucha-Urbanik, Studzinski, 2019).

Failure consequences can also be expressed by the losses of the expected
number of water connections without water supply, as a result of the conse-
quences of water pipes failure.

The other risk indicators can distinguish interruption frequency and
length, as well as not supplied average water volume (Hotlos, 2007; Kroli-
kowski, Krélikowska, 2010; Marques, Monteiro, 2001, Mays, 1998).

Results

Hydraulic simulation of consequences of water pipes failures — a case study
concerning the most serious failures

Due to the large number of obtained results of the failure analysis, it was
decided to present only those that have the largest operating range and cause
the highest pressure drops in the distribution network.
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Water network (A)

Simulation of pipe failure No. 347 with a diameter of 160 mm and a length
of 716 meters. The failure caused the close of section 347 for 7 hours: 7:00 -
14:00. The pipe is located in the Polanka district on Sktodowska-Curie Street
(figures 1 and 2). During the renewal of the section without water will be 152
inhabitants.

P h:;:‘- e y . = - o E = D-rc::‘r- ]
e . i
o 1
Figure 1. Model of water supply system during Figure 2. Model of water supply network during
failure-free operation — no 347 failure operation — no 347
Source: author's own work. Source: author's own work.

The results of calculations of failure of section 347 regarding only selected
network nodes are shown to cause the following pressure changes in the
nodes:
¢ node 348 - pressure drop by 2,17 m H,0 to the level of 36,05 m H,0 at

11:00 a.m. (4th hours of failure) in relation to the work of a failure-free

model,
¢ node 353 - pressure drop by 1,96 m H,0 to the level of 31,75 m H,0 at

11 a.m. (4th hours of failure) in relation to failure-free operation,
¢ node 349 - pressure drop by 2,09 m H,0 to the level of 41,72 m H,0 at

11 a.m. (4th hours of failure) in relation to failure-free operation.



-I 58 Studies and materials EKONOMIA | SRODOWISKO 1 (68) + 2019

Water network (B)

The failure was simulated on section 226, it is the main power supply for
the commune, from water treatment plant towards city. The diameter of the
pipe is 225 mm and length of 100 m. Failure caused the section to be closed
for 7 hours from 7 a.m. to 2 p.m. During the renewal of the section, the major-
ity of the commune residents will struggle with large water problems. This is
the most serious failure, which covers a very large area of the commune, the
worse situation from the above is the damage of the main from the water
treatment plant, when the whole commune will remain without water for the
period of repair (figures 3 and 4).

Figure 3. Model of water supply system during failure-free operation — no 226

Source; author's own work.

Figure 4. Simulated failure of water pipe section no 226 - the first to the third hour of
failure-free operation — no 226
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During the first three hours, only one commune had access to the water,
the remaining part of the commune was without water. A significant drop in
pressure was noted compared to work without failure in places where water
was available, without water was in total 5274 inhabitants.

Comparison of Risk Indicators of Water Networks Operation

On the basis of formulas presented in point 2.3 the risk indicators of the
consequences of failure in water pipeline in two concerned water supply sys-
tems were calculated.

The results are summarized in figures 5-10.
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Figure 5. Summary of risk calculations for
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Source: author's own work.
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Source: author's own work.
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Figure 7. Summary of risk calculations for the Figure 8. Summary of risk calculations for the
water networks (A) and (B): the average water networks (A) and (B): the risk
working time without failures — Tw indicator — Rt
Source: author's own work. Source: author's own work.

The results confirm the specificity of the considered systems. Water net-
work (A) is characterized by lower values of average time of water not sup-
plied (ATWNS), with median value in this system 0,0099. In comparison to
water network (B) with median value of ATWNS 0,99, such difference is a
result of water-ring network in (A) case, and cause smaller consequences of
failures. The branch structure of water network (B) influence dependent
indicators, such as risk indicator and the expected number of residents
affected by water deficit.

The obtained values indicate the necessity of providing the calculations
as to propose the criteria values of risk indicators.
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Source: author's own work. Source: author's own work.

Discussion of results

Water network (A)

The largest decreases in pressure were recorded on the other seven sec-
tions: 281, 265, 617, 149, 368, 475 and 45. The range of effects of failure of
individual pipes is local. It results from the fact that the analyzed water sup-
ply network has in the majority of cases ring structure, which significantly
affects the minimization of the failure consequences of a single section. The
following results were obtained: pressure drop to 0 meters H,0: 95 sections,
pressure drop above 5 m H,0: 3 sections, pressure drop 2-5 m H,0: 8 sec-
tions, pressure drop 1-2 m H,0: 14 sections, pressure drop below 1 m H,0:



-I 62 Studies and materials EKONOMIA | SRODOWISKO 1 (68) + 2019

100 sections. After analyzing the pressure drops in the distribution network
and the minimum value of the economic pressure (depending on the number
of buildings floor), it was stated that the limit values were not exceeded.
All the more so considering the required pressure will be maintained during
fire on the outside hydrant of 0,1 MPa (Journal of Laws No. 121 item 1139).
It can therefore be concluded that failures on individual sections will not
have a significant impact on the supply of water to residents of other streets.

Water network (B)

During the failure-free operation, it was noticed that the water supply
network is considerably oversized, the flow velocities are almost lower than
0,2 m/s in almost entire water supply network. This is due to the need to
adapt the water supply network to the fire regulations, the water network is
extensive and during fire distribution oversized diameters allow to reduce
pressure losses and keep the required pressure on the head of the hydrant in
accordance with applicable regulations. The negative effect is the significant
time of water remaining in water network and the possibility of its secondary
contamination. Counteract this phenomenon requires frequent flushing of
pipes, which at the extent of the water supply network generates significant
water loss. Oversizing the water pipes forming the ring: 58, 64, 69, 76, 84, 86,
89, 90 helps to maintain high pressure in the event of failure of one of them.
The consequences of the failure only affect the recipients supplied from this
section. The sections whose failure influences the largest number of water
consumers are aforementioned section 226, the remaining sections deprive
the water to a smaller number of residents 2937 and 2391, respectively, dur-
ing the most unfavorable conditions on the network (the largest hourly dis-
tribution during a failure). In most cases, the radial geometric structure of
the water supply network causes that failure of the sections results in lack of
water of all subsequently supplied sections. Therefore, it seems necessary to
connect another ring between nodes 162 and 137 or at the end of the west-
ern network between nodes 147 and 149.

Conclusions

The obtained values of the indicator E(INH) specified by the formula (5)
result from two components: the probability of failure and its consequences
understood as the number of recipients experiencing water deficit. The prob-
ability of failure is mainly related to the age and material of the pipe, it also
results from the assembly technology or the diameter of the pipe and has
been thoroughly characterized in (Kwietniewski, Rak, 2010). The number of
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recipients experiencing water deficit is mainly the result of the structure of
the water supply network. Comparing the results obtained for the city A and
for the city B, it can be noted that in the municipal water supply A the median
is much smaller than in B, which results from the fact that during the repair
of pipes being part of a closed ring it is possible to detach customers directly
connected to the excluded section, the other water consumers use it without
any quantitative restrictions. At the same time the average value of the
median of water network (A) and the obtained maximum value significantly
exceed those values for water network (B). This is due to the areas of high
population density (the residential areas with a high population density)
supplied by the individual pipes. Such a situation is not observed in the
municipal water supply system.

An interesting reference is made to compare the obtained values to water
network (C) in the city concerned in (Pietrucha-Urbanik, Studzinski, 2019),
where the water supply system is entirely constructed contemporarily (the
beginning of the water network reaches the seventies of the last century,
refers to both the structure of the material and geometric of water supply
system, in particular of similar distribution of diameters). The city (C) has
the size and population density close to A (1073 inhabitants/km? in A and
982 inhabitants/km? in C, respectively), but the median of indicator E(INH)
is only 19, and the average value is 35. The observed difference in relation to
A should be explained primarily by the geometric diversity of the water sup-
ply network. The waterworks (C) has the smallest network terminals in the
open structure, which determine the largest number of residents affected by
water deficit. In turn, the highest values of E(INH) concern the water supply
(B) with dominant open structure, which proves that the geometric structure
of the water supply network is one of the key risk factors for the lack of water
supply for residents. The results obtained for waterworks confirm the con-
clusion presented in (Pietrucha-Urbanik, Studzinski, 2019), that values of
water network (C) can be treated as desirable reference values for other
waterworks.

The contribution of the authors

All authors contributed equally to the manuscript.



-I 64 Studies and materials EKONOMIA | SRODOWISKO 1 (68) + 2019

Literature

Bene ].G., Selek 1. (2012), Water network operational optimization: Utilizing symme-
tries in combinatorial problems by dynamic programming, “Periodica Polytech-
nica Civil Engineering” No. 1, p. 51-61

Blokker E.J.M. (2006), Substandard Supply Minutes in the Netherlands, ASCE Confer-
ence Proceedings of Water Distribution Systems Analysis Symposium, Ohio 247,
p. 128-133

Boryczko K., Piegdon 1., Eid M. (2014), Collective water supply systems risk analysis
model by means of RENO software, in: Steenbergen R.D.].M. et al. (eds) Safety, Reli-
ability and Risk Analysis, London, p. 1987-1992

BS EN 15975-2:2013, Security of drinking water supply. Guidelines for risk and crisis
management. Risk management

Haimes Y.Y. (1998), Risk Modeling, Assessment and Management, New Jersey

Hallmann C., Suhl L. (2016), Optimizing Water Tanks in Water Distribution Systems by
Combining Network Reduction, “Mathematical Optimization and Hydraulic Simu-
lation. OR Spectrum” No. 38, p. 577-595

Hotlo$ H. (2007), Quantitative assessment of the effect of some factors on the parame-
ters and operating costs of water-pipe networks, Wroclaw

Iwanejko R., Wieczysty A. (2001), O koniecznosci i sposobach okreslania ryzyka produ-
centa i odbiorcy wody w systemie wodociggowym, materiaty konferencyjne ,Bez-
pieczenstwo, niezawodnos¢, diagnostyka urzadzen i systemow gazowych, wodo-
ciagowych, kanalizacyjnych, grzewczych”, Zakopane - Koscielisko, p. 163-172

Karamouz M., Moridi A., Nazif S. (2010), Urban Water Engineering and Management,
New York

Knapik K. (2001). Dynamiczne modele w badaniach sieci wodociggowej, Krakéw

Kowalski D., Kowalska B., Kwietniewski M. (2015), Monitoring of water distribution
system effectiveness using fractal geometry, “Bulletin of the Polish Academy of Sci-
ences” No. 63, p. 155-161

Kozlowski E. et al. (2018), Water demand forecasting by trend and harmonic analysis,
“Archives of Civil and Mechanical Engineering” No. 18(1), p. 140-148

Krélikowska J. (2011), Zastosowanie metody PHA do oceny ryzyka uszkodzen sieci
kanalizacyjnej na przyktadzie systemu kanalizacyjnego miasta Krakowa (Applica-
tion of PHA method for assessing risk of failure on the example of sewage system in
the city of Cracow), “Annual Set the Environment Protection” No. 13, p. 693-710

Krolikowski A., Krélikowska J. (2010), Analiza poréwnawcza wskaznikéw niezawod-
nosci wiejskich i komunalnych systeméw zaopatrzenia w wode, in: Sozanski M.M.,
Zaopatrzenie w wode, jakos¢ i ochrona wod - zagadnienia wspotczesne, t. 2, Poznan,
p. 383-392

Kutylowska M. (2015), Modelling of Failure Rate of Water-pipe Networks, “Periodica
Polytechnica Civil Engineering” No. 1, pp. 37-43

Kwietniewski M., Rak . (2010). Reliability of Water and Wastewater Infrastructure in
Poland, Warsaw

Kwietniewski M., Roman M., Ktoss-Trebaczkiewicz H. (1993), Reliability of water sys-
tem and sewerage, Warsaw



EKONOMIA | SRODOWISKO 1 (68) + 2019 Studies and materials

165

Marques R., Monteiro A. (2001), Application of performance indicators in water utili-
ties management - a case-study in Portugal, “Water Science Technology” Vol. 44,
pp. 95-102

Mays W.L. (1998), Reliability Analysis of Water Distribution Systems, New York

Mielcarzewicz E.W. (2000), Obliczanie systemow zaopatrzenia w wode, Warszawa

Pietrucha-Urbanik K., Studzinski A. (2017), Case study of failure simulation of pipe-
lines conducted in chosen water supply system, “Eksploatacja i Niezawodnosc
-Maintenance and Reliability” No. 19(3), p. 317-323

Pietrucha-Urbanik K., Studzinski A. (2019), Qualitative analysis of the failure risk of
water pipes, “Engineering Failure Analysis” No. 95, pp. 371-378

Rak]. (2004), Istota ryzyka w funkcjonowaniu systemu zaopatrzenia w wode, Rzeszow
Rak J. (2005), Podstawy bezpieczeristwa systemow zaopatrzenia w wode, Lublin

Rak J. (2008), Wybrane zagadnienia niezawodnosci i bezpieczeristwa w zaopatrzeniu
w wode, Rzeszow

Roman M. (1986), Problemy kryteriéw niezawodnosci komunalnych systeméw wodo-
ciggowych i kanalizacyjnych, materiaty konferencyjne ,Niezawodno$¢ systemow
wodociggowych i kanalizacyjnych”, p. 13-26

Regulation of the Minister of Internal Affairs and Administration dated 16 June 2003,
on the fire water supply and fire roads (Journal of Laws No. 121 item 1139)

Tchérzewska-Cieslak B., Pietrucha-Urbanik, K. (2014), Water Supply System opera-
tion regarding consumer safety using Kohonen neural network, in: Steenbergen et
al. (eds), Safety, Reliability And Risk Analysis: Beyond The Horizon, p. 1115-1120

Tchérzewska-Cieslak B., Rak ]. (2010), Method of identification of operational states of
water supply system, in: Pawlowski L. et al. (eds) “Environmental Engineering II1”,
London, p. 521-526

Tchérzewska-Cieslak B. et al. (2018), Approaches for safety analysis of gas-pipeline
functionality in terms of failure occurrence: A case study, “Energies” No. 11

Wieczysty A., Iwanejko R. (1996), Wyznaczanie wymaganego poziomu niezawodnosci
obiektéw systemu zaopatrzenia w wode (Calculating Required Reliability Level of
Water Supply System), ,,Gaz, Woda i Technika Sanitarna” No. 2, p. 54-58

Wierzbicki R. (2015), Zastosowanie modelowania matematycznego w projektowaniu
modernizacji systeméw zaopatrzenia w wode na przyktadzie systemu wodociq-
gowego gminy Zator, ,Czasopismo Inzynierii Ladowej, Srodowiska i Architek-
tury” No. 3/1, p. 511-522

Zimoch 1. (2012), Pressure control as part of risk management for a water-pipe net-
work in service, “Ochrona Srodowiska” No. 34, p.57-62

Zimoch 1., Lobos E. (2012), Comprehensive Interpretation of Safety of Wide Water
Supply Systems, “Environment Protection Engineering” No. 38, p. 107-117
Zimoch I, Kotlarczyk B., Soltysik A. (2007), Use of prehydrolyzed coagulants for the

enhancement of water treatment efficiency in the Czaniec Water Treatment Plant,
“Ochrona Srodowiska” No. 29, p. 45-49



EKONOMIA | SRODOWISKO - 1(68) + 2019

lwona SKOCZKO + Katarzyna OSZCZAPINSKA

THE CHOICE OF LOCATION FOR A COMMUNITY
WATER TREATMENT PLANT USING THE AHP
METHOD

Iwona Skoczko, Prof. (ORCID 0000-0002-7397-4231) — Bialystok University of Technology
Katarzyna Oszczapiniska, MSc Eng. — Bialystok University of Technology

Correspondence address:

Faculty of Civil and Environmental Engineering
Wiejska Street 45E, Biatystok, 15-351, Poland
e-mail: k.oszczapinska@doktoranci.pb.edu.pl

ABSTRACT: The aim of the research was to identify the location of the local sewage treatment plant
with use of hierarchical multi-criteria analytical analysis: AHP (Analytical Hierarchy Process) taking
into account the technical, economic, and social criteria. The analysis was carried out for the rural
commune of Szumowo (Zambréw district) which since 2016 forms an agglomeration. According to
the Functional and Utility Programme a sewage treatment plant with a capacity of 350 m3/d was pro-
posed, taking into account 4 location variants with an area of approx. 1.3 ha.

KEY WORDS: sewage treatment plants, AHP, multicriteria decision, rural areas

No. 1(68) 2019 * pages: 166-176 https://doi.org/10.34659/p4ww-bt74 JEL: C44, Q56


https://doi.org/10.34659/p4ww-bt74

EKONOMIA | SRODOWISKO 1 (68) * 2019 Studies and materials

167

Introduction

Regulation of wastewater management, in addition to providing people
access to clean water, is one of the most important activities. Developing
water and wastewater management can improve health and lead to economic
expansion.

In rural areas, similar to the urban areas in range of produced sewage
amount, we can observe large disproportion between water and wastewater
systems length. Sustainable environmental development should lead to
reduce this disproportion. The dispersed development and low settlement
concentration in rural areas are the key issue when designing wastewater
management.

Selection of location is a commonly experienced strategic problem, not
only in wastewater management. Selecting sites for small wastewater-treat-
ment plants depend on many technical, environmental, social and economic
aspects. It may be achieved by using the multi-criteria decision making, eval-
uating different alternatives and variants to compare different sides of ana-
lysed problem (Janssen, 2001).

In rural areas a key issue is to decide installation of central wastewater
system or local small household treatment plants. Rural areas produce almost
half of the sewage in Poland, but predominant septic tanks are often old and
in poor technical condition (LPO-4010-003/2011). Planning of wastewater
systems should be based on the principles of sustainable development, and
therefore consider political, economic and social aspects in accordance with
environment balance and sustainability of fundamental natural processes
(Journal of Laws 2001 no. 62 pos. 627, Consolidation). In the rural areas
there are some difficulties we need to manage while preparing the wastewa-
ter management plans (ATV A 200, 1997):
¢ low settlement concentration,

+ unfavourable population trends - countryside depopulation,

¢ settlements with scattered buildings,

« small villages and districts distant from each other,

¢ low ratios of covered surface (up to 20% of the settlement areas),

¢ low implementation of sewage and treatment systems,

¢ high ratio of areas under environmental protection,

* frequent seasonal variation of the wastewater amounts due to tourism.

This paper focuses on small wastewater treatment plant location within
rural commune’s area. The AHP method and Expert Choice 11 software was
used to compare and rank alternative sites in relation to offered weights.



-I 68 Studies and materials EKONOMIA | SRODOWISKO 1 (68) + 2019

Analytical Hierarchy Process

The multi-criteria decision making methods are techniques supporting
the decision maker facing a problem that has several alternatives.

The AHP is based on the experience gained by its developer, T.L. Saaty,
while providing research projects in the US Arms Control and Disarmament
Agency. It was developed as a reaction to the finding that there is a miserable
lack of common, easily understood and easy-to-implement methodology to
enable making of complex decisions (Saaty, 1980).

Since then the AHP has gained popularity across multiple domains in
every part of the world. The AHP has found use in business, government,
social studies, defence, and many others, involving decisions in which choice,
prioritization, or forecasting is needed (Bhushan, Rai, 2004).

Making decision according to AHP method includes the following steps
(Saaty, 2008):
¢ Define the problem and determine the kind of knowledge sought.

e Structure the decision hierarchy from the top with the goal of the deci-
sion, then the objectives from a broad perspective, through the interme-
diate levels (criteria on which the subsequent elements depend) to the
lowest level (which usually is a set of alternatives).

e Construct a set of pairwise comparison matrices. Each element in an
upper level is used to compare the elements in the level immediately
below with respect to it.

¢ Use the priorities obtained from the comparisons to weigh the priorities
in the level immediately below. Do this for each element. Then for each
element in the level below add its weighed values and obtain its overall
or global priority. Continue this process of weighing and adding until the
final priorities of the alternatives in the bottom most level are obtained.
Comparisons are made using the importance scale of numbers (table 1).
Verifying the results’ reliability is made by calculating the consistency

index (CI) and the consistency ratio (CR). In order to eliminate the noncom-

pliance, the CR ratio is calculated according to (Saaty, 2001):

CI
CR = - 100%, (1)

where RI (Random Consistency Index - Golden and Wang, 1990) is related to the
dimension of the matrix. Consistency Index is determined according to:
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. (Amax) — 1
CR = W, (2)

where A _max is maximum eigen value of matrix (eigen values calculations are
explained e.g. in: Ostrega, 2004). CI less than 0.1 means, that pairwise com-
parison and evaluation results are acceptable.

Table 1. Scale of numbers in AHP

Intensity Definition Explanation

of Importance

1 Equal importance Two activities contribute equally to the objective

3 Moderate importance Experience and judgement slightly favour one activity
over another

5 Strong importance Experience and judgement strongly favour one activity
over another

7 Veery strong or demonstrated An activity is favoured very strongly over another;

importance its dominance demonstrated in practice
. The evidence favouring one activity over another is of
9 Extreme importance

the highest possible order of affirmation

Source: Saaty, 1996.

Research area and method

Szumowo Commune, of area of 141.15 km?, is located in Podlaskie
Voivodeship, in the south-west part of the Zambrowski District. Over 70% of
land is under agricultural use (Uchwata Nr XXI/103/04). The analysed area
is not currently supplied with sewage systems, although until 2019 the com-
mune will build pressure sewer and plug in at least 410 households (http://
www.szumowo.pl). On the other hand about 95.6% of commune population
have access to the waterworks. Szumowo forms an agglomeration according
to the Polish Water Law, with an equivalent of 2527 inhabitants - Szumowo
city and Nowe Szumowo, Srebrna villages (Resolution No. XXI1X/263/2016).

The study aims to provide an evaluation of four small wastewater treat-
ment plant locations in rural commune, based on seven criteria using the
AHP method. For Szumowo Commune the modular wastewater treatment
plant with sewage flow of 360 m3/d, composed of mechanical (bar screens,
mesh screens), biological (sewage reactors, primary and final sedimenta-
tion) and sludge section (dewatering press) has been proposed (RRG.271.
5.2018).
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The following criteria were considered:
e Economic:

—  Cr4: parcel cost,

— Crb5: parcel adaptation cost.

— Social:

— Cré6: distance from the residential buildings,

— Cr7: natural barriers between the residential buildings and WTP

(wastewater treatment plant),
e technical:

— Cr1: distance from the road,

— Cr2: distance from the sewage receiver,

— Cr3: network length needed to connect WTP with sewage system,

e economic:

— Cr4: parcel cost,

— Cr5: parcel adaptation cost,
e social:

— Cré6: distance from the residential buildings,

— Cr7: natural barriers between the residential buildings and WTP.

The analysed commune do not possess any suitable property, which is
why all analysed variants require purchase. Parcel adaptation costs were
based on the average cost of trees and bushes removal, terrain denivelation,
and media connections.

Potential locations of small wastewater treatment plant were selected
determining its area for about 1.3 ha (figure 1). The first variant (W1), pro-
posed in the functional and utility programme prepared for the commune
(GLOBAL TECHNICS, 2017), is located in IV and V class meadow area, with-
out road infrastructure and other media. This option was selected because of
its location in relation to sewage receiver - Szumowo Letownica Channel as
Bug tributary. The second site (W2) also provides discharge to Letownica
Channel for the sewage. In contrast to the situation in W1 this variant is
located closest to the road. The third variant (W3) is located near the road
leading to Srebrna village, which is a part of agglomeration and will be devel-
oped with sewage system. This location, along with W4, involve sewage dis-
posal into Jasionka River (Bug tributary). The last selected variant (W4) is
located southwest from Szumowo and includes the highest distance from the
sewage receiver - about 450 m.

After agglomeration and sewage system plan studies it was found that
variant 4 area is located nearest to the sewerage (130 m) while other vari-
ants are located 260 m (W1), 300 m (W3), and 400 m (W2) from the sewer-
age.
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Figure 1.

Small wastewater treatment plant
location variants within Szumowo
Commune

Source: Google Maps, 2018.

Regarding to the economic criteria, the most advantageous alternative
seems to be W3, which together with W4 are the least expensive. Moreover,
parcel number 3 requires the lowest adaptation cost.

Likewise the technical and economic criteria, social requirements were
analysed. The largest distance from the residential buildings - 400 m - was
presented by variants W2 and W3, which have natural barriers in form of
forestation stripes and large wooded area. Area 4 is located 300 m from the
nearest building, and the first variant 230 m. Alternatives W1 and W4 are
separated by only minor wooded and bushy areas from the buildings.

All selected WTP’s locations are presented in the figure 2.



-I 72 Studies and materials EKONOMIA | SRODOWISKO 1 (68) + 2019

b
w2
W\
\-'\‘-‘_ \
- :__;:,.;-_:_—'_-__-— —— |
= ™ — ———
'3‘#‘ — ¥ -
“g_;"___.’:’— o O _ 100
$oedt™g®
L ! ’
(1] 2] 100, [

i ] |
a Iy ; ¥ j
] ] ! A
) )
™ e
> o 50 100m . 5 e
! i (4] 20 100m

Figure 2. Small wastewater treatment plant sites
Source: Geoportal, 2018.

Results of the research

According to Saaty’s methodology (Saaty, 1980, 1996, 2001, 2008), using
9-point scale presented in table 1, criteria were pairwise compared, as well
as variants for each criterion. Table 2 shows analysed alternatives priorities.
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Table 2. The value of priorities for variants

Criterion (weight) Variants
W1 w2 W3 W4

Cr1 (0.04) 0.002 0.009 0.017 0.017
Cr2(0.08) 0.024 0.006 0.034 0.003
Cr3(0.078) 0.011 0.003 0.008 0.034
Cr4 (0.358) 0.035 0.086 0.154 0.154
Cr5(0.175) 0.011 0.030 0.075 0.017
Cr6(0.112) 0.012 0.048 0.048 0.024
Cr7 (0.157) 0.068 0.034 0.017 0.017

Source: author's own work.

Based on the alternatives pairwise comparison, priority for economic cri-
teria was the highest (over 50%). The second most important criteria were
social (Cr6 and Cr7), of almost 30% of participation.

Alternatives analysed with respect to each criteria were pairwise com-
pared and the variants hierarchy was obtained as a result. The sequence was
as follows: W3>W4>W2>W1. The optimal variant was W3, with large advan-
tage over the second best variant - W4 (figure 3).

Synthesis with respect to: Goal: Select best location of wastewater treatment plant

QOverall Inconsistency =,05

W1 163
w2 217
W3 354
W4 266

Synthesis with respect to: Goal: Select best location of wastewater treatment plant

QOverall Inconsistency =,01

W 245

W2 217

W3 322 |
W4 221

Figure 3. AHP final results with regard to different (above) and equal (below) criteria
weights Source: author's own work.

Analysis for equivalent alternatives importance were also prepared,
however the final result was the same. Criteria weights alignment affect W1
priority increase (figure 3).
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Figure 4. AHP final results with regard to each criterium importance

Source: author's own work.

As it can be seen in the figure 4, high variant 3 advantage over other alter-
natives was due to criterion 2 (distance from the sewage receiver) and 5
(parcel adaptation cost). The second best result was characterized by very
high criterion 3 impact - network length needed to connect WTP to the sew-
age system.

All presented results were prepared in Expert Choice 11 software.

Conclusions

Due to the flexibility, simplicity, and possibility to compare the qualitative
and quantitative factors the method invented by Saaty has been applied in
many different fields. In this work, the AHP method was used to compare the
alterative locations of a small wastewater treatment plant in a rural com-
mune. The study included analysis of seven criteria and four variants.
¢ Due to many factors affecting the sewage treatment plants location selec-
tion, it is necessary to carefully analyse the possible solutions.
¢ AHP analysis allowed to easily compare many alternative solutions to the
problem for many criteria.

¢ The best sewage treatment plant’s location in accordance with the results
of the analysis was variant 3, mainly due to the low costs of plot adapta-
tion for the investment needs and distance from the sewage receiver.

¢ Equalization of the criteria weights did not affect the final variant choice.
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Introduction

Tourism is a sector of considerable economic importance and its new
ways of development are still emerging (Linderovd, Janecek, 2017). Butler
(2008) reports that trends in tourism, especially in the hospitality and
accommodation market are continually evolving. Managers are finding new
ways to harmonize the proposed higher standard with a focus on environ-
mental measures. Environmental practices and innovations of hotel business
are a widely discussed topic in scientific literature nowadays due to the ben-
efits they bring to organizations, notably increasing revenues and reducing
costs (Petkova, 2017). Green or organic products/services have achieved
enormous relevant results in response to the escalated consumer sensitivity
to concerns over the ever-worsening environment (Gupta et al., 2019).

Generally, tourism and especially accommodation facilities are responsi-
ble for waste pollution, increased water and energy consumption in destina-
tion areas, creating many (low paid) jobs for residents, consumption of prod-
ucts and materials produced by the local community (Ivanov, 2005; Ivanov et
al., 2014). The literature repetitively argues that to facilitate sustainability,
accommodation facilities need to adopt a new environment and socially
friendly principles, attitudes and behaviors (Sarkis, 2018).

Therefore we can state that sustainability is one of the major priorities of
tourism all over the world nowadays. One part of sustainable tourism is
green management. Stakeholders in tourism are increasingly aware of their
impact on the environment. Therefore they get involved in various voluntary
programs, where they seek appropriate measures by which to contribute to
improving the environment at both the local and national levels. A lot of
accommodation facilities are turning green at an increasing rate due to a sin-
gle reason, which is not directly based on profitability, longevity, or sustaina-
bility (Scholz, Linderova, 2016).

An overview of literature

Alot of accommodation facilities comprise the largest sector of the travel
and tourism industry and have been shown to have the highest negative
influence on the environment. Nowadays we can hear or read that green is in.
Green is in vogue. A lot of consumers are asking for it. Organizations are
requesting it. The future of business is being built by green and socially
responsible organizations (Tran, 2009). If hotel guests are not interested in
this philosophy, it is necessary to motivate them to go green. Hotels should
pay more attention to guests’ perceptions of green practices. Social media
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can be a useful tool for stimulating guests to go green (Lee et al,, 2016).
To deal with these environmental, societal, and primarily economic issues,
hotel managers or owners are required to be capable of identifying and
understanding new sustainable challenges in their accommodation facilities
and business environments (Shan, Wang, 2018). Despite the opportunity,
some hotel managers remain hesitant to invest in green initiatives because
they are not convinced whether or not such investments are financially ben-
eficial. That is, while implementation of some new green practices and ele-
ments requires significant initial investments, quantifying returns is often
tricky for investments which produce less tangible results such as the
improvement to a firm’s reputation for being conservation oriented (Bird et
al,, 2007). Robinot and Giannelloni (2010) argue that 75% of all environmen-
tal impacts are created by the hotel industry. This value can be attributed to
excessive consumption of local and imported perishable goods, and the waste
of energy and water.

On the other hand, the laws or regulations of most countries do not have
a legal or a universally accepted definition of what is a “green accommoda-
tion facility or eco-friendly hotel.” It means that the practice of using “green
or eco-friendly” as a marketing ploy is still widespread in many cities and
towns around the world. A lot of hotel managers are claiming that they are
“green or environmentally friendly” by just hanging a sign and declaring
themselves to be green (Pizam, 2009). However, European hoteliers have not
perceived their environmental commitment as a significant marketing factor,
as they believe that guests have a limited interest in environmental issues
and that eco-friendly behavior in hotels involves considerable investment
costs (Bohdanowicz, 2005).

A number of measures to protect the environment are focused on reduc-
ing energy (Chan, Lam, 2003; Khemiri, Hassairi, 2005; Ali et al., 2008; Pan et
al,, 2018), water (Deng, Burnett, 2002; Gdssling et al., 2015; Reddy, Wilkes,
2015), chemicals, office supplies, reduction of waste (Wie, Shanklin, 2001;
Chan, Lam, 2001), transport and mobility, smart technologies (Pan et al,,
2018), increasing the proportion of natural materials, aesthetic environment,
reducing noise and emissions (mainly carbon emissions), etc. (Patus, Gucik,
2004; Hillary, 2004; Bohdanowicz, 2005; Mensah, 2006; Chen, Hsieh, 2011;
Petkova, 2017). The best innovative practices are, e.g.,, linen napkins and
terry washing towels, recovery of cutlery, converting old guestrooms bed lin-
ens into pot holders and aprons for the kitchen, using TVs for guests informa-
tion about recycling (Enz, Siguaw, 1999). The international chain Marriott
teamed up with their vendors to introduce greener solutions at no extra cost,
e.g., eco-friendly pillows filled with materials made from recycled bottles,
earth-friendly towels which do not need to be pre-washed, pens made of
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75% recycled materials, low volatile organic compounds paint, which are
safer and less polluting, Biodegradable laundry bags, laundry detergent that
cuts the amount of phosphates released into wastewater (Hu, 2012).

Beyond the traditional return on investment calculation, a framework is
needed to evaluate the costs, benefits and return on all activities under the
three pillars of sustainability. Sloan et al. (2013) state, some activities are still
difficult to quantify in terms of financial or monetary gains (e.g. reduction of
carbon dioxide emission or greater biodiversity conservation) although pro-
gress in that field has been made over the past decade, by measuring the
effect of their actions, owners and managers of accommodation facilities
require a more holistic approach to their operations. Greater awareness of
the impacts of hotel decisions on the broader eco-system, environmental or
social, can ensure a shift from the tradition “make the most money in the
shortest time” paradigm towards a long-term approach, which is the very
basis of sustainability thinking (table 1).

We can see economics advantages in eco-friendly accommodation facili-
ties, too. We state that reduced consumption of limited resources can signify
reduced costs. It should be noted that if the accommodation facilities decide
on environmental management, it can increase profits and investment in
areas that will be directly beneficial to their guests (Scholz, Voracek, 2016).

Worldwide, accommodation facilities in First Class or Luxury Class begin
or have already started to implement green management which results from
the moral, social and political reasons. An individual hotel or guest house
affects only a small part of the global environment but with suitable environ-
mental measures can contribute to improving the environment at the local
level.

Environmentally sustainable purchasing decisions in everyday buyer
behavior, therefore, offer a chance to reduce this environmental impact by
substituting higher-impact products with products which are environmen-
tally friendlier. This not only produces benefits for the environment but also
creates opportunities for businesses (Moser, 2015). The research found that
hotels with a green orientation achieve higher profitability and market shares
(Menguc, Ozanne, 2005), better levels of employee commitment (Maignan,
Ferrell, 2001) and increased guest satisfaction (Luo, Bhattacharya, 2006).
Green product and distribution programs furthermore positively affect a
hotels’ overall product - market performance, while green pricing and pro-
motion practices are directly and positively related to a hotels’ return on
assets (Leonidou et al.,, 2013).

Accommodation facilities tend to apply differently in the selection of sav-
ing measure. Some hotels and guest houses make decisions according to
what is currently the most urgent; others focus on measures that will bring
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Table 1. Hotel sustainability performance indicators

ECONOMIC PERFORMANCE

ENVIRONMENTAL PERFORMANCE

SOCIAL PERFORMANCE

- hotel revenues

- operating costs (implementation of
ISO 14001, Eco-Management and
Audit Scheme)

- hotel profits (purchasing larger vol-
umes and minimizing packaging and
products that the hotel really needs,

purchasing products from suppliers in

the region, purchasing quality and
truly useful products, purchasing of
environmentally friendly products,
and measuring guests” satisfaction)

- employee compensation

- donations and other community
investments

- retained eamnings

- payments to capital providers and
governments

- proportion of spending on local-
ly-based suppliers (purchase of raw
materials and products in the region,
support local infrastructure)

- corporate philanthropy

— total direct and indirect greenhouse gas
emissions

- energy consumption by primary source
(regulating heating and air conditioning,
thermal insulation of buildings)

- energy saved through conservation and
efficiency improvements (low energy
technologies, appliances min. class A (A
+, A ++, A+++), compact fluorescent
lamps)

- initiatives to reduce energy consumption
(utilization of geothermal energy and
waste heat)

- total water consumption (installation of
single-lever mixers and faucet aerators,
energy-saving shower heads, and two-
stage flush toilets)

- total water recycled and reused (grey-wa-

ter reuse, rainwater harvesting)

- waste output (waste separation in the
background of hotels, sorting bins for
plastic, paper, etc. in each room, reuse
recycled materials, composting organic
waste)

- incidents of discrimination

- workforce by employment type

- workflows and their control

— promotion of environmental program to
the public,

- compliance with environmental princi-
ples by guests and employees (use of
public transport and bicycles)

- employee turnover rates (employment
of local population)

- workplace representation in health and
safety committees

= injury rates

- employee training

- programs for skills management and
lifelong learning

- percentage of employees receiving
performance and career development
reviews

INDICATORS BENEFITS INDICATORS COSTS

- Monetary - Investments in environmental management initiatives
{ energy costs - Investments in economic performance initiatives

J waste and water costs - Investments in social engagement initiatives

7 revenues - Investments in stakeholder reporting

T profits

7 other operational savings

- Non-monetary

{ greenhouse gas and pollutant
emissions

7T biodiversity conservation

1 employee health and productivity

Source: processed by the International Tourism Partnership, 2017 [06-10-2018].

the most significant savings at the lowest cost. A lot of accommodation facil-
ities invest financial resources into the lighting, where they can attain signif-
icant savings. Incandescent bulbs are most often replaced with the compact
fluorescent lamps. They reach about 80% less energy consumption com-
pared to the incandescent lamp for the same light flux and also significantly

lower power dissipation.

Pollution, waste, greenhouse gases and environmental hazards do not
necessarily spring to mind when considering the hospitality and tourism
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industries. According to estimates, an average hotel releases between 160-200
kilograms (kg) of carbon dioxide (CO,) per square meter of room floor area
per year and water consumption per guest per night is between 170-440 lit-
ers in the hotel in Luxury Class (Sloan et al,, 2013). In comparison to the
World Health Organization (WHO, 2011) there is a big difference. WHO sug-
gests that a minimum of 7.5-15.0 liters per person per day are necessary for
survival, with 2.5-3.0 liters for drinking and food, 2.0-6.0 liters for basic
hygiene practices and 3.0-6.0 liters for basic cooking needs. We can state that
this estimate of required water is for basic needs, and not a reflection of
water “wants” for a much more full range of other purposes (Lundqvist,
Gleick, 1997). On average, hotels produce 1 kilogram of waste per guest per
night. The US Environmental Protection Agency calculates during a one-night
stay in a hotel room 29.53 kg of CO, are generated on average in an average
hotel. For an upscale hotel, emissions are higher at 33.38 kg CO, per room
day.

Mainly chain hotels are also increasingly subscribing to eco-labeling and
certification schemes (Hamele, 2004 in Mensah, 2013). In Europe, there are
over 600 accredited facilities. We state that France is the country with the
highest number of accommodation facilities (352) with an environmental
certificate in 2015. Especially, The Region of Brittany, Provence-Alps-Cote
d’Azur, Aquitaine, and Poitou-Charentes, there is the highest number of
accommodation facilities with the environmental certificate of the European
Union - The Flower. There are also known other environmental labels: Audu-
bon Green Leaf, Building Research Establishment Environmental Assessment
Method (BREEAM), Certified Green Restaurants, Eco Hotels Certified (EHC),
Green Globe Certification, Green Key, Green Key Eco-rating Program, Green
Seal, Green Tourism Business Scheme, Leadership in Energy and Environ-
mental Design (LEED), etc.

The eco-label certification plays an important role in visitors’ deci-
sion-making processes. A vast majority of visitors staying in spas and well-
ness hotels consider eco-labels to be a reliable criterion for choosing envi-
ronmentally friendly service quality. An eco-label attracts tourists with
higher environmental expectations as well as higher incomes. Environmen-
tally conscious visitors are willing to pay a premium to obtain hotel service
quality with eco-components. The managers can use eco-label certification
or environmentally oriented behavior and practices as marketing tools to
reach environmentally conscious visitors (Bastic, Gojcic, 2012).

On the other hand, for accommodation facilities, it is not easy to imple-
ment green management. Managers even though start to be creative of the
utilization of existing materials and convert to efficient and environmentally
friendly (Scholz, Voracek, 2016).
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Research methods

This paper aims to analyze the application of environmental measures in
selected accommodation facilities in Bulgaria focusing on the city of Sofia.
We also set a research question: Which environmental measures are most
used in the surveyed hotels?

There were used primary data collected by questionnaire survey and sec-
ondary data. The questionnaire survey consisted of twelve questions. They
were mostly closed and some were half open questions. The questionnaires
were in English and Bulgarian. At the end of the questionnaire, there were
three segmentation questions and respondents had space for their views and
comments. The primary survey was conducted in Sofia, Bulgaria. We used
PAPI and CAWI methods. Paper and pencil interviewing (PAPI), data obtained
from the interview is filled in on a paper form using a pencil (Baker, 1992).
Computer-assisted web interviewing (CAWI) is an Internet surveying tech-
nique in which the interviewee follows a script provided in a website. The
questionnaires are made online for creating web interviews. The website can
customize the flow of the questionnaire based on the answers provided, as
well as information that is already known about the respondent. It is consid-
ered to be a cheaper way of surveying since one does not need to use respond-
ents to hold surveys unlike computer-assisted telephone interviewing (Reips,
2000). The survey was conducted from May until June 2018. In the city of
Sofia, there are located 108 hotels. We contacted all of them, especially their
managers or owners; 89% of them answered willingly. We used the methods
of scientific work; and, i.e., the analysis method (also Correspondence analy-
sis - CA), a method of generalization, mathematical, and statistical methods.
Using graphic tools of this CA, it is possible to describe an association of nom-
inal or ordinal variables and to obtain a graphic representation of relation-
ship in multidimensional space - for the readers; it is easier to understand.
The analysis provides further evidence that dependencies exist between var-
iables.

Correspondence analysis (CA) is a multivariate statistical technique. It is
conceptually similar to principal component analysis but applies to categori-
cal rather than continuous data. In a similar manner to principal component
analysis, it provides a means of displaying or summarizing a set of data in
a two-dimensional graphical form (Zamkovd, Prokop, 2014).

All data should be non-negative and on the same scale for CA to be appli-
cable, and the method treats rows and columns equivalently. It is tradition-
ally applied to contingency tables - CA decomposes the chi-squared statistic
associated with this table into orthogonal factors. The distance among single
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points is defined as a chi-squared distance. The distance between i-th and
i’-th row is given by the formula 1.

D(i,i') =
(1)
where:
r; are the elements of row profiles matrix R and weights,
G are corresponding to the elements of column loadings vector cT, which is

equal to mean column profile (centroid) of column profiles in multidimen-
sional space.

The distance between columns j and j‘ is defined similarly, weights are
corresponding to the elements of the row loadings vector r and sum over all
rows. In correspondence analysis we observe the relation among single cate-
gories of two categorical variables. Result of this analysis is the correspond-
ence map introducing the axes of the reduced coordinates system, where
single categories of both variables are displayed in graphic form. The aim of
this analysis is to reduce the multidimensional space of row and column pro-
files and to save maximally original data information. Each row and column
of correspondence table can be displayed in c-dimensional (r-dimensional
respectively) space with coordinates equal to values of corresponding pro-
files. The row and column coordinates on each axis are scaled to have inertias
equal to the principal inertia along that axis: these are the principal row and
column coordinates (Hebak, 2007).

Results of the research

Sofia is the capital and largest city of Bulgaria. The city of Sofia is also the
most visited tourist destination in Bulgaria besides coastal and mountain
alternatives. Its area is 492 sq. km and is divided into 24 administrative dis-
tricts, the most populous of which are Lyulin and Mladost. The population of
the capital city numbers 1.33 million inhabitants, and it is almost one fifth
(18.6%) of the population of Bulgaria. There were located 485 accommoda-
tion facilities; 114 of them were in the class A and the rest (371) were in the
class B. Based on their location, there is apparent concentration of accommo-
dation facilities in the central part of the city as well in the southern periph-
eral districts.
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The distribution of the different types of accommodation facilities is tra-
ditionally characterized by a significant predominance of guest rooms, hotels,
guest suites, and family run hotels. Guest rooms represent one-third of all
accommodation facilities but they have less than 5% of the bed places, while
hotels represent 22% of all accommodation facilities but have almost three
quarters (72%) of the total of beds in accommodation facilities (table 2).

Table 2. Categorized accommodation facilities on the territory of Sofia

TYPE OF AF Number of facilities ~ Number of rooms Number of beds
AF - class A 114 7,797 13,763
Hotel 108 7,681 13,535
Motel 3 72 143
Holiday village 1 20 40
Tourist village 0 0 0

Villa 2 24 45

AF - class B 371 2277 4,965
Boarding house 18 350 m
Holiday house 3 58 116
Family-run hotel 61 767 1,493
Guest room 161 416 899
Guest house 25 151 359
Bungalow 2 12 35
Campsite 0 0 0

Hut 9 106 361
Guest suite 82 259 638
Hostel 10 158 353
Total 485 10,074 18,728

Note: AF—accommodation facilities.
Source: processed by Sofia Tourism Administration [06-10-2018].

In our research, we focused on hotels only. In Sofia, there are located 108
hotels, and we contacted all of them, especially their managers or owners;
89% of them answered willingly. The sample of surveyed hotels by class
looked follows; Tourist class 3%, Economy class 7%, Standard class 41%,
First Class 41%, and Luxury class 8%. It is important to highlight that the
accommodation facilities in First Class and Luxury class represent scarcely
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10% of all accommodation facilities on the territory of Sofia. On the other
hand, they also have almost one half (46%) of the total number of beds in the
capital.

The surveyed hotels in the Tourist class had mostly 5-20 rooms, in the
Economy class 41-60 rooms, in the Standard class 21-40 rooms, in Class First
Class 61-90 rooms, and in the Luxury class, it was mostly about hotels with
more than 100 rooms (figure 1).

2D Plot of Row and Column Coordinates; Dimension: 1 x 2
Input Table (Rows x Columns): 5 x 5
Standardization: Row and column profiles
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Figure 1. Surveyed hotels and the most frequent number of rooms
Source: author's own work processed by Statistica program [06-10-2018].

Environmental measures were discussed with experts in ecology area
and environmental sciences. These measures were selected on the basis of a
pilot survey among 45 hotel managers or owners in Czechia. We had to keep
only basic environmental measures because managers and owners were not
interested in these hospitality trends and had only heard about some of the
measures for the first time. We also carried out a pilot survey in Bulgaria, but
we encountered a significant language barrier. The questionnaire was there-
fore translated by a native speaker from Czech into Bulgarian. The English
version of the questionnaire was not filled in by managers or owners.

Generally, the surveyed hotels had the best results with compact fluores-
cent lamps and LED lamps. Hotels in the Tourist class carried two environ-



EKONOMIA | SRODOWISKO 1 (68) * 2019 Studies and materials

187

mental measures only (sorting containers and dual flush toilets). On the
other hand, hotels reached better results with sorting containers (66%) than
other class besides Luxury class (table 3).

Good results were reached by hotels in the Economy class with compact
fluorescent lamps and LED lamps (71%) and saving appliances (57%). The
surveyed hotels did not apply almost one half (44%) of environmental meas-
ures. Unsatisfactory results were noticed with measures such as heating reg-
ulation in each room individually, changing linen and towels on request,
cleaning products and laundry detergents friendly to the environment,
or informing guests about environmental efforts (each 14% only).

Hotels in the Standard class achieved very good results with compact flu-
orescent lamps and LED lamps (93%), most measures had the average val-
ues, e.g., changing linen and towels on request (66%), central lighting
switches in rooms (62%), minimizing the use of disposable products (62%),
and windows thermal insulation (59%). Insufficient results were found by
more one half (57%) of measures.

Very good results were noticed by hotels in the First Class with compact
fluorescent lamps and LED lamps (100%), saving appliances (79%), and
windows thermal insulation (74%). It was surprising that no hotel was inter-
ested in the individual heating control installed in the rooms. If the room is
not occupied by the hotel guests, it is not environmentally friendly to use the
air conditioning or to heat in the room. It is completely sufficient if the heat-
ing or air conditioning is turned on a few hours before the expected arrival of
the guests. The worst results were shown in the providing of information to
the guests about sorting bio-waste (0%), preference for products with the
“eco” label (18%), and reducing the flow of faucet aerators or shower heads
(28%).

Hotels in the Luxury reached outstanding results with compact fluores-
cent lamps and LED lamps, central lighting switches in rooms, using recycled
paper, and informing guests about environmental efforts (each 100%). Other
measures were primarily on the average or high level.

The managers or owners of the surveyed hotels stated that green man-
agement implementation in accommodation facilities providing a competi-
tive advantage over other accommodation facilities, cost reduction, increased
sales, guest benefits, and environmental improvements. On the other hand,
more than one quarter (26%) of the hotels were interested in the environ-
mental certificate. They were mainly hotels in the First Class and Luxury
class.
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Table 3. Environmental measures used in accommodation facilities in the city of Sofia [%]

Environmental measures/ Hotels by class Tourist Economy Standard First Class Luxury
sorting containers 67 43 55 56 88
sorting bio-waste - - 7 - 38
windows thermal insulation - - 59 74 88
heating regulation in each room individually - 14 55 54 75
saving appliances - 57 34 79 63
compact fluorescent lamps and LED lamps - 71 93 100 100
central lighting switches in rooms - 29 62 72 100
using recycled paper - - 31 56 100
Lt—:éitécsing the flow of faucet aerators or shower 7 28 63
dual flush toilet 33 29 28 56 63
changing linen and towels on request - 14 66 69 88
E[J(I)eta;]rgr;%\arrgg%c;itand laundry detergents friendly 1 14 53 75
minimizing the use of disposable products - - 62 38 25
giving priority to products with the ,eco” label - - 10 18 38
green management employees education - - 3 54 63
informing guests about environmental efforts - 14 3 100 100

Source: author's own work processed by Statistica program [06-10-2018].

Discussion

The findings provide us with answers to the research question: Which
environmental measures are most used in the surveyed hotels? Generally, the
surveyed hotels had the best results with compact fluorescent lamps and
LED lamps. Hotels in the Tourist class carried two environmental measures
only (sorting containers and dual flush toilet). On the other hand, hotels
reached better results with sorting containers (66%) than any other class
besides Luxury class.

Following the world trends in tourism, Sofia city invests in the develop-
ment of its accommodation facilities, taking into consideration the sustaina-
ble development of the hotels. In general, our recommendation is to invest
more funds towards faucet aerators and water saving shower heads and sort-
ing containers. It is utterly inadequate that each class reach very low values.
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The faucet aerator achieves great results and costs no more than 10 euro, and
water savings are in the range of 48% to 84%. This is in line with results from
previous studies in the field of green management in accommodation facili-
ties in Czechia and Slovakia (Patds, Gucik, 2004; Scholz, Linderova, 2016). We
have to state, that not so many surveyed hotels were not interested in sorting
containers and sorting bio-waste. Pham Phu et al. (2018) say that 72% hotel-
iers in Hoi An, a tourism city in the center of Vietnam, disliked storing waste
in their hotels, while 58% of the hotels thought that they lacked information
and skills in recycling. Some hotel managers explained that recycling took
more time and labors (42% and 22%) and was unsanitary (18%). It was a
surprising fact because there is a law about sorting waste and many hotels do
not recycle at all. We agree that mentioned accommodation facilities should
definitely invest in the green initiatives (Chan, Lam, 2003; Bohdanowicz,
2005; Ready, Wilkes, 2015).

Limitations

This paper contributes to the research of hotels’ environmental meas-
ures in some aspects, but there are several limits, too. On the other hand,
mentioned limits provide directions for further research.

Firstly, our research cannot be generalized. We were merely interested in
hotels, and the research was conducted in the city of Sofia only. We would like
to investigate other important towns in Bulgaria (e.g., Bourgas, Varna, Plov-
div, etc.) and compare it with the results of Sofia city. Subsequently, we would
like to focus on other towns and regions and map the adoption of environ-
mental measures in accommodation facilities in Bulgaria. We also mapped
accommodation facilities and their environmental measures in Czechia. We
think that a comparison of these two states would be desirable.

Secondly, an in-depth analysis was not realized with the environmental
measures. It was not stated there whether the hotels were focused on the
particular environmental measures or not.

Finally, in our future research, we would like to focus on environmental
measures individually (e.g., analyzing solid waste practices in a hotel - cate-
gories such as paper, cardboard, garden waste, kitchen and food waste, tis-
sues, PET, nylon, plastic, glass, etc.). In our opinions, the results would have
a more meaningful value.
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Conclusions

This paper contributes to research by furthering understanding of the
particular relevance of factors determining green management implementa-
tion. Selected hotels in the city of Sofia attained average results. With the rise
of environmental consumption, guests are also increasingly critical of hotel
practices, especially in cases where it is difficult to verify that environmental
themes take precedence over that cost. The First Class and Luxury class
hotels had better care of the environment in comparison with other classes.

The main reasons for the adoption of environmental measures are also
guests. Some of them generally recognize the practices of eco-friendly hotels
by showing their willingness to pay more, sacrificing part of their comfort
and luxury during the implementation of environmental measures. Although
their demand for eco-friendly accommodation is still relatively low, some
guests are looking for hotels that demonstrate the use of just environmental
practices. Therefore, it is essential to have a better understanding of the
behavior of the guests regarding the use of eco-friendly accommodation so
that the marketing and operational strategies that influence the behavior of
the participants in tourism can be successfully implemented.

Green management extends the portfolio of services in the accommoda-
tion facilities. We can state that a greener workplace can mean a lighter eco-
logical footprint, a healthier and more productive place to work, and finally
better conditions for employers, employees, and guests.
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Introduction

The cement industry is responsible for 5% of global CO, emissions, which
accounts for almost 20% of industrial emissions. Every ton of cement pro-
duced emits about 0.81 tons of CO, to the atmosphere (Benhelal et al., 2012;
Siemieniuk, Szatytowicz, 2018). In a short time, cement plants will be noticed
as one of the main culprits of global warming, which will result in the impo-
sition of new emission fees, as a result of which the price of Portland clinker
can increase by up to several dozen percent. An excellent alternative to Port-
land cements seems to be geopolymer binders. They are characterized by
better properties compared to concrete obtained from cements based on
Portland clinker. These properties include: high compressive and bending
strength, including high early strength, good chemical and thermal resist-
ance, high degree of adhesion with steel, minimal shrinkage, no corrosion of
reinforcement. In addition, the production of geopolymer, including all raw
materials needed to obtain it, causes 4-8 times less CO, emissions (Mikuta et
al,, 2014; Zhang, 2015). One of the materials used to obtain it is fly ash which
is a byproduct of combustion of coal dust in power units, and also created in
fluidized bed boilers. This makes the technology of geopolymer concrete
“green” with a large development potential.

The process of obtaining and the structure of geopolymers

The synthesis of geopolymers consists in the alkaline activation of pozzo-
lanic material. The material may be primarily fly ash from the combustion of
coal dust, the activator is a solution of a strong base (NaOH or KOH) with
sodium or potassium silicate. Obtained paste hardens after activation at ele-
vated temperature giving an amorphous material, reminiscent of concrete
based on Portland cement, but with other properties, i.e. high early strength,
good chemical corrosion resistance, high strength at high temperatures, frost
resistance (Hynowski et al., 2017).

The process of binding a geopolymeric paste is based on the polyconden-
sation reaction, during which tetrahedrons [Si0,]*-, [Al0,]° form amorphous
structures, and the presence of Na* or K* ions in the chambers balances the
structure charge. The stages of the formation of a composite based on geo-
polymers run differently than in cement concrete. The polymerization pro-
cess consists of successive reactions, not permeating as in the case of classi-
cal cement bonding. In addition, the polymerization and hardening reaction
of the geopolymer composite is not a spontaneous reaction and requires the
heat to be supplied from the outside, usually heated in the 30-100°C range.
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The synthesis process is usually presented in the literature via two reaction
equations (Zhang, 2015; Davidovits, 1994):

NaOH.KOH

n(Si,0;,AL0,) + 2n8i0, + 4nH,0 n(OH); — $i — 0 — AI(OH),"™ — 0 - i — (OH), (1)

; g | I
n(OH); — Si — 0 — AIOK)," - 0 — §i — (OH); ——% (Na, K)*) (sa‘ —0-AO-0-Si-0-|+4mH0 (2)
| | I
0 0 0
| | |

Substrates Si,05, Al,0,, SiO, are firstly dissolved by alkali hydroxide solu-
tions, such as NaOH and KOH, to release reactive aluminate and silicate oli-
gomers, represented by (OH);-Si-0-Al(OH), and (OH)5-Si-0-Al(OH),)-0-Si-
(OH)2 (1). In the alkaline environment, the polymerization reaction occurs
along with the cross-linking of the structure (2).

Ecological aspect of the implementation of engineering
products and constructions from geopolymers

The production of Portland clinker is a highly energy intensive process,
the temperatures prevailing in the rotary kiln reach 1500°C (Kurdowski,
1981), however in this process it is not the fuel emission that has the largest
share in CO, emissions, but the raw material emission (Duda, Tamasiak,
2015). This is because raw materials for the production of Portland clinker
are dominated by carbonates - above all calcium carbonate, which is decar-
bonising at a temperature of approx. 850°C. The demand for cements based
on Portland clinker is still growing. Therefore, the cement industry is becom-
ing one of the main emitters of anthropogenic CO,. The geopolymer compos-
ite has a great chance of reducing greenhouse gases in this industry sector,
the synthesis of which consumes twice less energy with 4-8 lower CO, emis-
sions than in the case of Portland clinker (figure 1).

An important aspect of geopolymer concrete technology is the use of inci-
dental combustion products (ICP) in the process of obtaining geopolymer.
ICP can include fly ash from conventional coal boilers with well-known prop-
erties as well as fly ash from fluidized bed boilers. The latter due to the unsta-
ble chemical composition of the fuel used for firing the boiler are character-
ized by variable parameters, which is why they are currently classified as
arduous waste.
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Figure 1. Comparison of CO, emissions and energy consumption in the production of
cement and geopolymer binders

Source: Provis, Van Deventer, 2009, p. 195.

At Bialystok University of Technology, research on thin protective layers
of concrete structures was carried out, resulting in patent protection of the
number PL 230045 B1 “Method of ensuring durability of concrete structures
and concrete mix in the protective layer” (Bottryk et al, 2016). Further
research is carried out to replace concrete based on Portland cement with
geopolymer concrete and to use it as protective layers of road surfaces, both
asphalt and concrete. This layer, protecting the road surface against harmful
environmental factors and mechanical impacts, will prolong its service life,
which in turn will reduce the consumption of bitumen in the form of asphalt
or in the case of concrete Portland cement.

Own research in the field of thin protective layers from
geopolymers

The aim of the conducted preliminary research was to assess the possi-
bility of using geopolymer mortars as thin protective layers of cement com-
posites. The research consisted in examining the dependence of the adhesion
of the geopolymer layer to the cement concrete on its thickness. Standard
sand was used as the aggregate. The activator used was a mixture of sodium
water glass with a molar modulus of 1.6 < MR < 2.6 with a substance content
of approx. 35-43% (Na,0 + SiO,) and a 14 molar NaOH solution. The mass
ratio of the sodium silicate solution to the sodium hydroxide solution
Na,Si0,/NaOH was constant at 2.5. However, the ratio of activator to fly ash
was 0.5. The fly ash used came from the combustion of coal dust in the
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Ostroteka Heat and Power Plant. The chemical composition and physical
properties of the ash are presented in the table (table 1). The plain concrete
used in the composite was designed for class C30/37 based on Portland
cement CEM I 42.5 R (table 2) with a w/c ratio of 0.5. The thickness of the
tested layers was 1.5 cm, 3.0 cm and 4.5 cm, respectively.

Table 1. Chemical composition and physical properties of fly ash

Component % by weight
Sio, 54,6
Reactive Si0, 42,36
Al,05 253
Fe,0; 497
Na,0 084
Ca0 2,14
Reactive Ca0 1,84
Free Ca0 <0,03
K,0 28
Mg0 18
Tio, 1,07
P,0s 0,55
S04 037
Ba0 0,15
S0 0,07
Mn;0, 0,06
Ignition losses 437
Humidity 0,12

Source: external laboratory [31-12-2018].

The samples were formed by two methods in steel cubic molds with
a side of 100 mm. The first method (I) was done by compacting the geopoly-
mer concrete layer on the bottom of the mold by 30 second vibration. Then
the mold was supplemented with ordinary concrete, then vibrated with
a steel piston for 30 seconds. In the second method (II), both the geopolymer
layer and the ordinary concrete were successively vibropressed for 30 sec-
onds (figure 2).
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Table 2. Technical parameters of Portland cement CEM | 42.5R used in the tests

Requirements according

Properties to the standard Test results  The basis of tests
PN-EN 197-1

Specific surface (Blaine method) [cm%/g] - 4124 PN-EN 196-6

The beginning of binding [min] >60 184 PN-EN 196-3

End of binding [min] - 242 PN-EN 196-3

Change in volume [mm] <10 10 PN-EN 196-3

Compressive strength [MPa]

- after 2 days: >20,0 301 PN-EN 196-1

- after 28 days: >425<625 60,2

S04 content [%] <40 2,95 PN-EN 196-2

Cl content [%] <0,1 0,089 PN-EN 196-21

Cr(VI) soluble content [ppm] <20 0,18 PN-EN 196-10

Insoluble residue [%] <5,0 0,57 PN-EN 196-2

Ignition losses [%] <5,0 3,33 PN-EN 196-2

Source: https://www.cemex.pl/cement-czerwony.aspx [03-01-2019].

The composite molds were seasoned for 24 h on the grate above the
water surface, then placed for another 24 h in a laboratory dryer at 65°C to
accelerate the activation of the geopolymer and accelerate the hydration
of concrete based on Portland cement. The seasoning method was aimed at
assessing the possibility of shortening the time that should be allowed to
allow the surface to be used in the summer season.

After a 48 h curring period, the samples were subjected to testing, which
consisted in applying a shear force at the interface between the two layers
carried with a steel bar. Previously, the samples (rotated by 90° in relation to
the forming direction) were placed on the pressure plate of the testing
machine (figure 3).
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1 Figure 2. Schematic diagram of the vibrating station with
vibropressing: Qp — pressure force, Po - force
forcing the upper vibrator to vibrate, P1 - force

5 forcing the vibrator to vibrate; 1 — guides,
2 - inertial load, 3 - extension, 4 - form, 5 — upper
vibrator with adjustable force, 6 — pressure piston,
7 — bottom vibrator
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v, | Source: Falkowski, 2012, p. 27.
N || 7
6
F
3 P={ + P simad
4 -
/ /f ./
»;’*’//4,’-
s PD
=2 )PS
i; P=P sinast E‘E ?
i g
N [
BZ WG

Figure 3. Scheme of the station for testing the
adhesion between layers by splitting
(PD - the press platens, BZ - ordinary
concrete layer, WG — geopolymer
layer, PD - steel bar carrying the load,
F - the direction of load application)

PD

Source: author's own work.
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Results of the research

The results obtained are shown in the graph (figure 4). The dependence
of the splitting force of the composite layer on both the compaction method
and the thickness of the geopolymer layer is visible. Three samples were
made and tested for each of the compaction methods. The average values of
the destructive force of the combination of layers were: for a layer with
a thickness of 1.5 cm: I method - 6.67 kN, II method - 14.0 kN; for the 3.5 cm
layer: I method - 6.17 kN, Il method - 19.17 kN; and for the 4.5 cm layer in
the case of I method, 8.33 kN, and II, 35.83 kN.

In the case of the second compaction method, the mean values of shear
force grow linearly with the increase of the geopolymer layer thickness, while
with the application of the compaction method I the values differ slightly.
It can be assumed, which requires further research, that better adhesion will
be obtained by subjecting both layers to vibropressing.

35

30

. I method . I method

Splitting strengh [kN]

15 30 45

Layer thickness [mm)]

Figure 4. Graph of dependence of splitting force and compaction
methods on geopolymer layer thickness

Source: author's own work.



EKONOMIA | SRODOWISKO 1 (68) + 2019 Studies and materials

201

Conclusions

Obtained results of preliminary tests on the application of geopolymers
in the form of protective layers encourage further research on the use of geo-
polymer material as protective layers of concrete structures and road sur-
faces. At the further stage of testing, it is necessary to carry out tests such as:
abrasion, roughness, thermal expansion, water absorption, frost resistance,
compressive and tensile strength as well as stiffness of the obtained compos-
ite. An extremely important aspect is the development of the optimal tech-
nology of works, because the presented data unambiguously indicate that the
value of the shear force needed to break the geopolymer protective layer is
affected by both thickness and compaction method. When using this solution
on an industrial scale, attention should be paid to the stability of the geopol-
ymer embedment parameters to the structure being protected, because it
will affect the quality of the obtained composite. The implementation of geo-
polymeric materials for general use will indirectly result in a decrease in
anthropogenic CO, emissions and a reduction in the use of petroleum mate-
rials in construction.
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Introduction

Significant signs of long-term climate change have been observed in
recent years. The World Meteorological Organization recognized the last
three years, i.e. 2015-2017, as the warmest in history, and its data confirms
the long-term upward trend in global temperature. The average global tem-
perature in 2017 was higher by 1.1°C than the average temperature in the
pre-industrial period (WMO, 2018). The climate changes resulting from this
increased temperature affect both human environments and the conditions
of socio-economic development. The Paris Agreement, which came out of the
2015 conference of the United Nations Framework Convention on Climate
Change, is considered to be crucial for disseminating the concept of a cli-
mate-resilient economy (Bahadur et al., 2016; Ninan, Inoue, 2017). However,
a widely understood concept of resilient economy was developed in econom-
ics much earlier. In the broader meaning, resilience means “the capacity for
a complex system to survive, adapt, evolve and growth in the face of turbulent
change” (van Opstal, 2007, p. 8). With regard to economic systems, it can be
defined as the “ability of the system to withstand either market or environmen-
tal shocks without losing the capacity to allocate resources efficiently (the func-
tionality of the market and supporting institutions), or to deliver essential ser-
vices (the functionality of the production system)” (Perrings, 2006, p. 418).

The concept of a climate-resilient economy challenges local communi-
ties, which are an important link in the process of adaptation to environmen-
tal changes, and at the same time constitute far-open requirements based on
very specific local conditions for development determined by very specific
external (natural) and internal (socio-economic) environments. This is a cre-
ative process and, as in the case of most adaptation processes, it “contains an
element of freedom but also a risk of failure” (Dobzhansky, 1959, p. 76). The
key element is therefore to understand the specificity of the goals set in the
creation of climate-resilient socio-economic systems. These general postu-
lates should be directly implemented into practice due to specific conditions
of particular communities.

This paper aims to present the concept of resiliency for rural areas from
the perspective of the best practices identified in the world. It analyses the
basic political postulates, the concept of climate-resilient economies and the
key principles identified in research. There are two hypotheses stated in this
paper: 1) some resilient economic activities were originally successfully
developed in ancient times or rural areas and can be reintroduced, particu-
larly in developing countries and 2) industrialized societies will need to
develop new socio-economic structures to work out new strategies based on
their technological advancements. The latter is mostly due to the different
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stages of their economic development and the structural transition of the
rural areas that has resulted in their having a high share of non-economic
activities. The case studies identified in the literature will be analysed to
show the key successful strategies of resilient economies. It will help to
understand the determinants of resiliency and their relationship to sustaina-
ble development. Two types of economic strategies for rural areas have been
pointed out in the context of climate-resilient economies. This research helps
to identify the differences and complexity of the strategies, as well as the key
features that have determined the success of these economies.

Stability, resiliency and economy

The origin of the concept of resiliency is strongly related to the natural
sciences and the evolutionary view of economic processes. Holling (1973)
pointed out that resilience differs from stability in that stability refers to the
ability of a system to remain within equilibrium, while resilience has
a broader meaning, which is the “persistence of relationships within a system
and is a measure of the ability of these systems to absorb changes of state vari-
ables, driving variables, and parameters, and still persist” (Holling, 1973, p. 17).
The key is, in particular from the perspective of modern anthropogenic sys-
tems whose ecological balance is difficult to maintain, that the system can be
highly resilient, but have low stability. This concept seems important to
accept in real situations, where there are highly changed and often unbal-
anced ecological and socio-economic systems. Both from the perspective of
increasingly rapid climate change and economic shocks caused in various
parts of the world that lead to crises on a global scale, the resiliency concept
becomes more important equilibrium-based approaches typical of the debate
of neoclassical economists (Pike, Dawley, Tomaney, 2010).

Perrings (2006) points to four areas of understanding resiliency:

o latitude - the ability to tolerate different shocks that do not cause the loss
of functionality of an economy,

e resistance to changes,

e precariousness - understood as not exceeding of the economic stability
limits,

e panarchy related to adaptive cycles of individual subsystems - the high-
est risk exists when various economic subsystems are in the same, least
shock-resistant point of the adaptive cycle (hypercoherency).

The mechanisms of adaptation to these exogenous shocks are character-
istic for individual economic systems. Moreover, at the same time there are
many different resilient states for a single system (Perrings, 2006; Pisano,
2012).



EKONOMIA | SRODOWISKO 1 (68) + 2019 General environmental and social problems

207

A climate-resilient economy is understood as having appropriate politi-
cal regulations in terms of the place, structure and functioning of the infra-
structure, enabling reduction of vulnerability to the physical consequences of
climate change. Lowering the sensitivity to threats associated with these
changes is related to the use of both “soft” (socio-economic) and “hard”
(technological) tools (Vallejo, Mullan, 2017). These postulates are related to
the sustainable development policy and, in the context of these assumptions,
indicate that it is necessary to reduce the emission of harmful substances
through economic growth and reduction of poverty; seek adaptation strate-
gies related to temperature rise and ocean levels; adjust to price changes on
international markets (e.g. due to increased transport costs); apply new
energy technologies; or create new international financial institutions and
regulations for climate change (Mitchell, Maxwell, 2010). However, it is also
pointed out that this is a very difficult process, due to the scale and long-term
perspective of changes, as well as the potential beneficiaries and losers of
these changes (Mitchell, Maxwell, 2010).

The European Union’s policy in the light of the concept of
climate change resiliency

The European Union (EU) monitoring report of 2015 states that “the nor-
mal functioning and prosperity of Europe’s economy and society in general
depend on the use of natural resources [...] In this respect, the efficient manage-
ment and use of materials is essential for resource security and increased eco-
systems resilience” (Eurostat, 2015, p. 86). These issues are primarily related
to the size of the resources consumed (including energy resources), waste
management (including hazardous waste) and the volume of emissions
(Eurostat, 2015). The issue of adaptation to climate change was particularly
strongly addressed in the recommendations of the EU White Paper of 2009,
which followed the Green Paper of 2007 (Commission of the European Com-
munities, 2007). The White Paper stressed that climate changes will particu-
larly influence certain social groups, such as the elderly or low-income
households. Two main areas of action are the reduction of greenhouse gas
emissions and adaptation aimed at dealing with unexpected shocks (Com-
mission of the European Communities, 2009).

A roadmap for moving to a competitive low carbon economy, published in
2011, ended with the statement of the necessity of cooperation and global
actions for “a resilient low carbon economy” (European Commission, 2011, p.
16). That is why the EU was a signatory to the above-mentioned Paris Agree-
ment, pursuing a policy aimed at achieving climate resilience of socio-eco-
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nomic systems. Article 2 of the Agreement indicated three main objectives

(Paris Agreement, 2016):

¢ limiting the temperature rise (up to a maximum of 1.5°C above the pre-
industrial temperature),

¢ increasing adaptability in the field of negative climate change and devel-
opment of climate resilience and policy to reduce greenhouse gases emis-
sions without threatening food production,

¢ adjusting the financial flows policy to the above activities.

The EU project of the LIFE program for 2021-2027 indicates as the main
objective “to contribute to the shift towards a clean, circular, energy-efficient,
low-carbon and climate-resilient economy, including through the transition to
clean energy, to the protection and improvement of the quality of the environ-
ment and to halting and reversing biodiversity loss, thereby contributing to
sustainable development” (European Commission, 2018, p. 16). In light of the
main objective, it is necessary to develop and promote legislative mecha-
nisms and policies, including the involvement of public and private actors
and citizens (European Commission, 2018). Recommendations of the Euro-
pean Committee of the Regions from 2017 point directly to the role of regions,
noting that they should be catalysts that support the efforts of local self-gov-
ernments “in strengthening their resilience to climate and disaster risks, build-
ing capacities and deploying available financing” (The European Committee
of the Regions, 2017, p. 52). The idea of resistance to climate change has
become an inherent element of considerations in the field of socio-economic
transformation and is an inseparable element of the sustainable develop-
ment strategy, in particular in the area of approaches to climate change. How-
ever, the strategies usually differ between the different parts of the world.

Bioenergy villages, chinampas and waru-warus
as an example of resilient economic activities

The studies carried out in Nicaragua, Guatemala and Honduras after Hur-
ricane Mitch have shown that farmers who used diversification, such as cover
plants, intercrop and agroforestry, suffered less damage than farmers who
had monocultures (Holt-Giménez, 2002). Moreover, surveys carried out in
Cuba in 2008 after Hurricane Ike showed that farms with diversified crop
structure show losses in the amount of 50% compared to 90-100% losses in
the case of monocultures (Rosset, 2011). The Tscharntke study (2005) simi-
larly suggested that agriculture can contribute to the preservation of large
diversity systems that can guarantee resilience, i.e. the ability to reorganize
after a disruption. All of these studies have confirmed the great importance
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of diversity in farming systems in terms of resilience to extreme climatic
shocks.

Examples of climate-resilient economies can be shown in the distant
past. For example, economies exposed to temporary flooding included chi-
nampas (artificial fertile islets on the shores of lakes that secured themselves
from flooding with, among other things, water-absorbing wicker) in the Val-
ley of Mexico, as well as waru-warus near Lake Titicaca in Peru and Bolivia
(Wilken, 1987; Altieri, 2018). Waru-warus were originally developed in the
year 300 BC. The farming system used a network of canals separated by
dykes for water storage and plant watering. The dykes were used for crop
cultivation. They consisted of a mixture of clay soils and sand to enable the
holding of water in the beds, while the soil within such created beds enhanced
infiltration and the recycling of nutrients. The canals supplied water during
droughts, and during floods they removed the excess. Moreover, the system
created specific thermal conditions, as the water in canals absorbs solar
energy during the day and radiates it back during nights; it also prevents
against frost. The network of canals accumulated nutrients and served as a
reservoir of natural fertilizers for the crops. The specific microclimate and
organic conditions resulted in very high productivity and resiliency against
environmental shocks (floods, drought or frost) (Altieri, 2018; UNEP, 1997).

A similarly successful farming system, called chinampas (the floating gar-
dens), was developed in Mexico. The farming system was registered by UN
FAO in 2018 in Globally Important Agricultural Heritage Systems (GIAHS)
(UN FAO 2018). Chinampas were developed in 1100 AD from the muck exca-
vated from swamps and the bottoms of shallow water reservoirs. The differ-
ent layers of the nutrient-rich soil were piled into plots surrounded by water
canals or lake water. A group of such gardens was integrated into a complex
agricultural system. Willow trees were planted along their edges to control
erosion (Sutton, Anderson 2010; Wilken, 1987). This system characterizes
high productivity, biodiversity and climate resilience, and therefore, it is an
example of sustainable and resilient farming. In 1984, a project was created
to reconstruct the farming systems in Peru and Bolivia. It was particularly
recommended for regions with extreme climate conditions. The cost of the
infrastructure was relatively low and it increased the productivity of crops
(usually potatoes) (UNEP, 1997). Moreover, this farming system has also
been introduced in other countries such as China, Korea, Japan, Egypt and
Spain (UN FAO, 2018).

Finally, in some communities, renewable resources were widely dissemi-
nated that were focused on energy self-sufficiency. The concept of bioenergy
villages was originally related to the use of biomass as a new source of energy
for rural areas. The process of building biomass plants assumed a social com-
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mitment and community ownership (at least 50%). Therefore, communities
were created around these common investments and new forms of economic
activities, which included cooperatives. Zbaraszewski and Pienkowski (2017)
presented the evolution of renewable energy communities and the develop-
ment of new activities, such as educational centres, or more complex forms of
energy usage, including solar or wind energy. The key benefits include cli-
mate change mitigation, energy security and energy independence, stable
and affordable energy prices, new job creation and social cohesion.

However, the selected cases show different strategies and forms of cli-
mate-resilient economies, although all the cases represent climate change
strategies. The renewable energy communities mostly focus on climate
change mitigation and resistance to economic shocks, while the farming
examples represent a strategy of environmentally friendly farming and
resistance to climate shocks (table 1).

Table 1. Benefits of economic activities on the example of bioenergy villages, waru-warus
and chinampas

LIS Bioenergy villages Waru-warus and chinampas
of development
Environmental - lower pollution - lower pollution
- climate change mitigation - biodiversity
- waste management (biomass energy sources) - resistance to climate shocks
- natural flows of matter and energy
Economic - new job creation - higher productivity
- resistance to energy market shocks - healthy, organic food
- lower prices - food security
- energy surplus sales
- development of new non-farm activities (i.e.
agritourism)
Social - social cohesion - social cohesion (farming provided by
- energy security (self-sufficiency) communities as a whole)
- young people’s attraction to rural areas — traditional cultivation

Source: author's own work.

Conclusion and recommendations

The effects of climate change, which have intensified in recent decades,
have become a main focus of the international community. Events related to
climate change, in particular, temperature increase, as well as the intensity
and frequency of extreme weather events, affect the functioning of society
and the environment and have effects on the economy. Climate change has
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caused an increase in activities that can be classified into two groups. One
group is mitigation activities, which are aimed at stopping climate change
and counteracting the negative effects of these changes. This group of activi-
ties consists of contracts and agreements on the reduction of the use of fossil
fuels, increase in the share of renewable energy sources in energy produc-
tion, reduction of greenhouse gas emissions into the atmosphere and
improvements in energy efficiency. The second group consists of adaptation
activities, in which efforts are undertaken to reorganize and optimally adapt
to the ongoing climate change. These strategies are mostly determined by the
specific socio-economic conditions of particular local communities. The
development of waru-warus or chinampas is an example of adaptation to cli-
mate changes - climate-resilient farming - while renewable energy commu-
nities are focused on climate change mitigation. The strategies are deter-
mined by particular socio-economic and ecological conditions. Local commu-
nities have to design and develop strategies based on their own resources
and capabilities. The most developed countries, which have a relatively high
share of non-farming activities, try to limit their greenhouse gas emissions
and create new socio-economic structures that will not compromise the
well-being of rural areas, while the highly populated developing countries
need to secure food production and develop climate-resilient farming activi-
ties, as climate change challenges the relatively higher agricultural sector in
those countries. Based on the analysis of the case studies provided, it should
be stated that the accepted research hypotheses should not be rejected. It is
necessary to comprehensively support the local economy so that it can pre-
pare for the threats and opportunities that climate change can bring in the
different parts of the world.
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Introduction

Social phenomena, including a demographic shift (attributed to the age-
ing of the population and depopulation of some areas of the European Union),
are ranked among the barriers that will shape the visions of the future and
EU development strategies (EU, 2014). The territorial distribution of demog-
raphy-related barriers to development is uneven - some areas or regions,
depending on their characteristics, are likely to face these barriers to a lesser
extent or at a later time; however, there is no doubt that their results will
affect the entire EU. Demographic forecasts until 2060 reveal profound
changes in the age structure of the EU population (they will mirror the fertil-
ity, life expectancy, and migration figures). The European society of 2060 will
be not only older but also unevenly distributed (the differences will be visible
between and across states and regions) (EU, 2017).

As regards Poland, the region with the most challenging demographic
situation is Opolskie Voivodeship. According to a forecast of the Central Sta-
tistical Office, by 2035 the population of the region will have dropped by over
15%, with a faster decline in urban areas (Dybowska, 2016, p. 240). What
affects this highly unfavourable demographic condition of the region is: the
birth rate in Opolskie Voivodeship at -3.4 (-1.3 for Poland), the region’s net
migration rate of -4.4 (-0.4 for Poland) (Szczygielski, 2015, p. 65). An extra
challenge for the region’s development strategy is the age structure of the
population. In 2015 the number of people aged 50 and over was 38.4%
(Poland’s average 36.5%), which is up by 5.4 pp compared with 2007 (Urzad
Marszatkowski Wojewddztwa Opolskiego, 2016, p. 9).

Given the above indicators, as well as general global and European
socio-demographic trends, the development strategy of Opolskie Voivode-
ship focuses on demographic issues, especially accommodating the needs of
50+ people. With this end in view, the Opolskie for the Family: a Special
Demographic Zone Programme for Opolskie Voivodeship until 2020 was
adopted by the Resolution of the Executive Board of Opolskie Voivodeship on
16 September 2014. The programme is one of the tools adopted to further
the implementation of the Opolskie Voivodeship Development Strategy until
2020, which prioritises the prevention and counteracting of depopulation as
a horizontal development challenge (Urzad Marszatkowski Wojewddztwa
Opolskiego, 2012, pp. 81-82, 130, 132). The programme contains four the-
matic packages corresponding to priority impact areas. One of them, Golden
Autumn, is intended for people aged 50+ and promotes the development of
favourable living conditions for elderly people and helps tap their potential
for region’s development.
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This article aims to identify and analyse (based on completed question-
naires) initiatives for people aged 50+ launched by municipalities and enter-
prises as well as assessing the awareness and implementation of the pro-
gramme by the stakeholders. The article is based on the analysis of source
materials (literature, strategic documents, reports) and the results of an orig-
inal online survey.

An overview of literature

The Special Demographic Zone programme is a pilot initiative both
Poland - and EU-wide. It embraces holistic and innovative tools implemented
at the regional (voivodship) level and serving, on the one hand, the counter-
action and, on the other, adaptation to unfavourable demographic changes
(Urzad Marszatkowski Wojewo6dztwa Opolskiego, 2014, p. 11).

Searching scientific databases for the key word of “special demographic
zone” only returns several hits. Foreign literature on the subject lacks refer-
ences to similar solutions implemented in other countries. However, an initi-
ative by the German government is worth mentioning as discussed by Klim-
czuk (2015, pp. 32-36). In 2005 the state of North Rhine-Westphalia pro-
posed the establishment of a network organization, SEN@ER - Silver Econ-
omy Network of European Regions, rested on similar assumptions and pur-
suing similar goals as the Golden Autumn package. The literature on the
subject also reveals some attempts to incorporate demographic challenges
and activation initiatives for people 50+ (and, more broadly, the promotion of
the silver economy) in the local strategies of Ldédzkie, Matopolskie and
Pomorskie Voivodeships (Martinez-Fernandez et al., 2013, pp. 95-116).

The authors of several articles covering the SDZ focus primarily on high-
lighting the demographic situation (including demographic issues as devel-
opment barriers) of Opolskie Voivodeship and the framework of the Opolskie
for the Family programme (Rauzinski, Szczygielski, 2014; Golenski, 2015),
also exposing the EU (Gerejczyk, Pilewicz, 2017) and global demographic
trends (Szczygielski, 2015) or assessing activities intended to seniors as one
of the programme packages (Wawrzyniak, 2015). When assessing the Opol-
skie for the Family programme, Gerejczyk and Pilewicz (2017) highlight the
SDZ as a special case of regional strategy well-aligned with their theoretical
model of local and regional strategies addressing demographic challenges.
None of the above studies covers the assessment of awareness and imple-
mentation of the SDZ programme.
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Research methods

A study of initiatives undertaken by local self-governments (municipali-
ties) and enterprises operating in the SDZ for people aged 50+ was carried
out in liaison with the Marshal’s Office of Opolskie Voivodeship in the period
from December 2017 to January 2018. An anonymous online survey was sub-
mitted to all local self-governments of the voivodeship (71 municipalities
and one city with district (Pol. powiat) rights) and 25 business support insti-
tutions, 45 beneficiaries of the Managing Authority of the Regional Opera-
tional Programme Opolskie Voivodeship 2014-2020 (Measures 7.4, 8.1 and
8.2) and 17 beneficiaries of the Intermediate Body (the Opole Centre for Eco-
nomic Development or OCED).

The survey was completed by 40 municipalities and 12 enterprises.
Among the municipalities, there were two urban municipalities (out of three
in the Opole region), 18 urban-rural municipalities (out of 33) and 20 rural
municipalities (out of 35). The research conducted among the municipalities
confirms that demographic issues (especially a decline in population) are
among the most urgent development problems. Over the last 5 years, out of
40 surveyed municipalities, only two reported an increase in the number of
inhabitants, while as many as 18 reported a significant decrease. This condi-
tion makes the municipalities aware and galvanise them to design policies of
competitiveness, such as: rehabilitation and creation of attractive public
spaces as meeting points (18 municipalities), infrastructure and sen-
ior-friendly services (14 municipalities) and the development of social (and
intergenerational) integration facilities (10 municipalities).

Among the 12 surveyed enterprises, there were 8 micro (0-9 employees)
and 4 small businesses (10-49 employees). Ten of them were private busi-
nesses with the Polish capital (100%) headquartered in Opolskie Voivode-
ship (five outside the city of Opole). The surveyed businesses represented
commercial, service and care industry (three indications each), as well as the
health care and rehabilitation and medical segment (two indications each).
The surveyed enterprises were mainly operating in Opolskie Voivodeship
(11), and most had been on the market for less than 15 years (eight).

Results of the research

Moving on to the discussion of the results of original research, it should
be noted that they will address the following matters: 1) who (what entities)
should take action for the inclusion of seniors, 2) what initiatives are imple-
mented for people aged 50+, 3) the level of awareness of the implementation
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of the Opolskie for the Family programme, 4) assessment of the programme
and identification of the leaders.

The surveyed municipalities all pointed to the state as an entity that
should take action for the inclusion of seniors (40 responded “definitely yes”
and “rather yes”, including 30 with “definitely yes”). As many as 38 of the
surveyed municipalities indicated that they should be responsible for such
initiatives themselves (15 responded “definitely yes”), and their main part-
ner should be non-governmental organisations (38 indications, including 13
for “definitely yes”) and 50+ people (35 responses, including 14 for “defi-
nitely yes”). The Church and religious associations seem to play a minor role
in such action (28 indications, including 9 for “definitely yes”). In the opinion
of the surveyed municipalities, entities that should get involved in initiatives
for the inclusion of the elderly to the smallest extent are enterprises
(15 municipalities were positive: “definitely yes” and “rather yes”, among
them only three for “definitely yes”; however, most returned answers - as
many as nine - were “no”).

All of the surveyed businesses agreed that action for the inclusion of sen-
iors should be taken first of all by local self-government units (12 positive
answers for “definitely yes” and “rather yes”) and the state (11 positive
answers, including as many as seven for “definitely yes”). Other (but of sec-
ondary importance) entities that should assume responsibility for such
activities and named by enterprises were non-governmental organisations,
private companies, and 50+ people themselves (nine positive answers each).
The Church and religious associations were, in the enterprises’ opinion, the
least expected to get engaged in such initiatives (six answers for “yes” and as
many as five for “no”).

For the sake of the research analysis, initiatives for people aged 50+ are
divided into the following categories: 1) improvement in the quality of prod-
ucts and services for seniors, 2) improved availability of products and ser-
vices for seniors, 3) activation of seniors, 4) improvement in digital compe-
tence of seniors, 5) age management (age management underlines employee
age diversity as an important factor in the development of an organisation).

The surveyed municipalities were primarily active in the following areas:
¢ activation of seniors - 31 municipalities (this category covers the follow-

ing activities: organisation of social events for/with the participation of
seniors, practical classes aligned with interests/hobbies of 50+ people,
supporting Senior Clubs, general and specialised courses and training for
seniors, supporting the development of Third Age Universities, promo-
tion of a healthy lifestyle, tailor-made educational projects and activities
related to disease prevention and health education; one response pointed
to the idea of time bank as a method of activation of the elderly),
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¢ development of digital competences among seniors — 26 indications

(mainly through: computer, software and application training and the

set-up of Internet cafés),
¢ improvement in the accessibility of products and services for seniors

(above all, the initiatives of: cooperation with various entities for solving
seniors’ problems, price reductions for seniors, adaptation of the munici-
pal website to seniors’ needs) and improvement in the quality of prod-
ucts and services for seniors (understood as the enhancement of existing
services to accommodate the needs of the elderly) - 20 and 19 responses,
respectively.

The least popular initiatives reported by the surveyed municipalities
were related to age management - only five indications - primarily consist-
ing in maintaining employment of seniors who wish to keep working.

The 12 surveyed businesses mainly take action aimed at activating sen-
iors (seven indications), improving the quality and availability of products
and services for seniors (six indications each); less frequently, they are
involved in initiatives developing seniors’ digital competence (three) or age
management programmes within their organisation (two) - figure 1. In this
question, three enterprises declared that they were not taking any action for
seniors, so they failed to continue the survey.

As regards the initiatives for the activation of seniors, the surveyed busi-
nesses most often reported the following: promotion of a healthy lifestyle
among 50+ people, support for the establishment and operation of social
integration facilities for seniors, general and specialised courses and training
for seniors, promotion of disease prevention and health education among
50+ people and organisation of social events for/with the participation of
seniors. With regard to the improvement of quality of products and services
for seniors, the surveyed enterprises, and municipalities alike, admitted to
improving mainly existing services with a view to satisfying seniors’ needs.
However, when improving the availability of products and services for sen-
iors, the businesses mainly decided to introduce new technologies/prod-
ucts/services intended for seniors and (again like municipalities) coopera-
tion with various entities working towards solving older people’s problems.
Less often did they point to the improvement of the quality of services for the
elderly. Speaking of initiatives aimed to raise seniors’ digital competence, the
surveyed enterprises mostly pointed to courses and training in the use of
computer, software and applications (just like municipalities). As part of age
management, the surveyed businesses most often pointed to continued
employment of seniors who want to keep working, on top of company events
integrating all generations of employees.
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Figure 1. Initiatives implemented by municipalities and enterprises operating in the SDZ for people aged 50+

Source: author's own work based on completed surveys.

As regards the awareness of the implementation of the Opolskie for the
Family programme, the research done among the municipalities returns
interesting results. Among 40 of the surveyed municipalities, 11 declared
that their action resulted directly from the programme; at the same time, as
many as 15 indicated that their initiatives for seniors were not related to the
Opolskie for the Family programme; 14 did not have an opinion on the matter
and responded, “don’t know.”

Among the nine businesses questioned in the successive section of the
survey (excluding three that did not take any action for seniors), four declared
that their initiatives came from the Opolskie for the Family programme; the
same number of enterprises gave the opposite answer, and one did not have
an opinion on the matter - figure 2.

The assessment of the Opolskie for the Family programme by the ques-
tioned municipalities was positive - 21 rated it “very good” (2) or “good”
(19); obviously, the assessment of the programme was very strongly linked
to the awareness of the initiative. 15 municipalities did not know how to
measure the programme, and four admitted that they did not know it. It is
positive that no municipality responded “bad” or “very bad.”
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Figure 2. Awareness of the implementation of the Opolskie for the Family programme by
municipalities and enterprises operating in the SDZ

Source: author's own work based on completed surveys.

The surveyed enterprises were mostly positive about the Opolskie for the
Family programme (four answers “good” and two “very good;” no negative
answers were given). Only two enterprises were unable to assess the pro-
gramme, and one did not know it - figure 3.
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Figure 3. Assessment of the Opolskie for the Family programme by municipalities and
enterprises operating in the SDZ

Source: author's own work based on completed surveys.



222 General environmental and social problems EKONOMIA | SRODOWISKO 1 (68) + 2019

With regard to the effectiveness of action intended for the elderly in the
region, the surveyed municipalities pointed to the initiatives by the Marshal’s
Office of Opolskie Voivodeship (the average ranking position for four possi-
ble positions in the question was two in this case), followed by NGOs and
local self-governments (position 2.18). Businesses received the poorest
assessment (position 3.65).

In the opinion of nine of the surveyed enterprises, the most effective
action for seniors in the region is taken by local self-governments (the aver-
age ranking position was 2.11), followed by the Marshal’s Office and NGOs
(the same position 2.44) and businesses (position 3.0).

As for the leaders of activities for seniors, eight of the surveyed munici-
palities pointed to individual local self-governments, among them: Opole,
Kluczbork, Gogolin (two indications) and Kedzierzyn KoZle and Prudnik (one
indication each).

However, none of the nine surveyed enterprises were able to point to
a company from the Opole region which could be considered a leader in
activities for people aged 50+.

Conclusions

Through the initiative of the Special Demographic Zone, Opolskie
Voivodeship attempts to respond to the demographic challenges of the
region. The pilot programme, Opolskie for the Family, encompasses a num-
ber of integrated activities addressing: the labour market, improvement of
the standard of living in the region, and broadly understood activation.
A large part of these activities (mainly regarding the promotion of profes-
sional, physical, cultural, and educational activity) is intended for people
aged 50+.

Already at the stage of programme development (based on the expert-so-
cial method), it was emphasized that its implementation would require coop-
eration and commitment of various stakeholders, including businesses and
local self-governments (Urzad Marszatkowski Wojewddztwa Opolskiego,
2014, pp. 35, 38). As demonstrated in the completed research, both the sur-
veyed municipalities and enterprises undertake many activities for people
aged 50+, however, it is not possible to assess unambiguously whether it is
the result of conscious implementation of the programme. This situation is
the outcome of insufficient familiarity with the programme, both of munici-
palities and enterprises. As demonstrated by the research, the programme-re-
lated services are better known than the programme itself: Opole Family and
Senior Card, Opole Senior Card or Regional Opole Senior Service Cluster.
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The research also revealed that the surveyed municipalities and busi-
nesses do not see each other as natural partners implementing/undertaking
activities benefiting people aged 50+ (in the opinion of municipalities, enter-
prises are the least likely to implement initiatives for the benefit of seniors).
Meanwhile, according to the research, both municipalities and enterprises
take the same types of action for the benefit of seniors.

Given the results of the conducted survey, we recommend further
research of the effectiveness of the programme, including, in particular, activ-
ities carried out through intersectoral cooperation. It is necessary to identify
best practice in this respect that may be employed not only by local self-gov-
ernments and enterprises from the Opole region. This is also relevant in the
light of the Opinion of the European Committee of the Regions (EU, 2017)
which reads that the current EU’s response to demographic challenges is lim-
ited and poorly developed, while regions and cities should perceive the
demographic change not only as a barrier but as a development opportunity
related to the silver economy.

Further research should be carried out and more effort should also be
taken to promote the awareness of the programme and the knowledge of its
framework, especially among local self-governments, and the need for con-
scious participation of both local self-governments and enterprises in the
implementation of programme’s objectives.
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Introduction

The term cultural heritage covers a wide spectrum of meanings, which
are not obvious and unambiguous. Yet, currently it gains in importance and
popularity. Cultural heritage is no more seen as part of a non-productive
“superstructure” that should be done away with but it has become an appre-
ciated market asset (Murzyn-Kupisz, 2012, p. 11). Cultural heritage is
expressed in tangible and intangible elements typical of a given area which
reveal its culture and history making it a vital component of any territorial
unit. These components are not just the housing stock, monumental architec-
tural structures, sculptures, paintings, collections of public and private insti-
tutions, such as museums, libraries or archives. They also include products of
craftsmanship, works of applied arts, wooden architecture and technological
structures. Cultural heritage is not just about cultural (aesthetic, artistic, his-
torical) but also economic and social (applied and ornamental) values.
Through its components that carry the features of a public good, cultural her-
itage generates external benefits (economic and non-economic) (Murzyn-
Kupisz, 2011). The main thesis adopted for our research argues that cultural
heritage represents the characteristics of a public good that we need to pro-
tect since in the long-term perspective it is critical for sustainable develop-
ment and social justice.

Nowadays, cultural heritage attracts increasingly more attention of rep-
resentatives of different areas of science. It has also become the theme of
multidisciplinary research conducted not only by art historians, conserva-
tion officers or researchers into cultural studies but also by planners, econo-
mists, and management experts. Moreover, cultural heritage typical of a par-
ticular territory increasingly more features in strategic documents drafted by
local authorities and in discussions over regeneration plans or local develop-
ment efforts (Boryczka, Zasina, 2016). Thus, we need to stress that the inclu-
sion of new groups of professionals (e.g., representatives of economics, natu-
ral sciences, law, management, social sciences, marketing, and IT) into the
protection and the observed increased appreciation of the social role played
by the cultural heritage are positive occurrences. All of them bring in research
methodologies and tools specific of their individual fields of expertise by
which they improve the collection and processing of data and knowledge
about heritage and its components. That has enriched forecasting capabili-
ties and ways of shaping the future fate of components of cultural heritage as
well as improved protection efficiency (Rouba, 2008).

The primary goal of the paper is to identify valuable areas of local cul-
tural heritage in the context of sustainable development on the example of
cultural parks established in the Lodz voivodeship. Attempt has been made
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to specify the role and importance of cultural parks in sustainable develop-
ment of municipalities and in the building of their potential and attractive-
ness.

Local Cultural Heritage as a Factor of Sustainable
Development and Its Protection

How we understand the meaning and role played by cultural heritage
closely links with the idea of sustainable development. Cultural heritage is
one of factors of sustainable development, which “meets the needs of the
present without compromising the ability of future generations to meet their
own needs. Sustainable development is a development aimed at efficient use
of limited resources having alternative use now and in the future” (Rzenca,
2016, p. 52). Sustainable development is not just about using constantly
shrinking resources in accordance with certain principles, it is also a require-
ment to secure more prosperity to the mankind in which local communities
have a special place on condition that the development may not restrict
future generations’ ability to meet their needs (Kobylinski, 2000). Hence,
sustainable development consists in acting in a way not destructive for natu-
ral resources. Moreover, it covers long-term use of renewable resources, effi-
cient exploitation of fossil fuels, maintaining the stability of environmental
processes and eco-systems, protection of genetic diversity and overall pro-
tection of nature as well as the maintenance and improvement of prosperity,
safety at work, and human health. Sustainable development is also economic
development which does not exert significant negative or irreversible impact
on human environment and reconciles the laws of economics and nature
(Koztowski, 2002). Cultural heritage has also got a valid and direct share in
sustainable development through its economic, social, and environmental
dimension. It also contributes to the building of economic base by boosting
local employment in areas such as tourism, environmental protection, mon-
ument conservation or in activities linked with regeneration (O’'Brien et al,,
2015; Boryczka, 2016). Hence, cultural heritage described as an asset owned
by territorial authorities (at different levels. e.g., natural and economic) rep-
resenting, to a different extent, characteristics of a public good, must be pro-
tected and exploited to a different often limited degree. Cultural heritage is
increasingly more often seen as an economic asset (Nijkamp, 2012; Boryczka,
Zasina, 2016). Cultural heritage must also be rationally managed and secured
to be maintained for future generations (Barthel-Bouchier, 2016).

Being an endogenous factor of sustainable development and in order to
produce benefits (influence economic and social development), cultural
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heritage must be properly managed (Guzman, Pereira Roders, Colenbrander,
2017). Proper use of the heritage may also produce indirect positive multi-
plier effects (Murzyn-Kupisz, 2011). However, to be able to properly manage
cultural heritage we must protect it not only to preserve its components in
a good shape, build the identity of local communities, images or brands of
places but also to facilitate control over establishments and areas. Similarly
to natural resources, cultural heritage may be used in different ways (prop-
erly or improperly) in production or human consumption. Cultural heritage
treated as a resource must be managed in a manner specific of natural or
economic resources. Economically speaking, cultural heritage does not
directly generate tangible goods. It is connected with the production of intan-
gible goods, such as knowledge about the past, building individual and col-
lective identity, production and consumption of services that highlight the
heritage (Kobyliniski, 2000).

The mere presence of a certain resource within a given territory, includ-
ing cultural heritage, does not automatically ensure the development of a ter-
ritorial unit. The resource impacts territorial development when it becomes
areal asset which can be used in diverse, e.g., economic and social, activities.
To become an asset important for development, cultural heritage, which is
“just” a potential, needs to be used in a sustainable and responsible way
(Jewtuchowicz, 2013, Boryczka; Zasina, 2016). Efficient and effective man-
agement of cultural heritage calls for a number of instruments, mainly “soft”
ones, which help produce incentives for other stakeholders to make them
behave in a desired way (Thorsby, 2012, p. 85) and engage various operators
into the “game” of taking care of the public good such as cultural heritage.

Using a non-renewable resource, such as cultural heritage in a too inten-
sive and not well-thought-out manner may produce irreversible conse-
quences, including its total annihilation. Thus, we need to intensify its protec-
tion and minimise its use. Cultural heritage must be managed in a manner
thatis conscious, rational and well thought out (O’Brien et al., 2015). We need
to stress that cultural heritage is not owned by historians, archaeologists,
conservation experts, art historians or any other group composed of repre-
sentatives of a given local community. It is owned publically as a public good
whose components are used and enjoyed by the local community or users of
a given area. If we consider cultural heritage a non-renewable and unique
resource, our duty is to manage it properly and preserve for future genera-
tions (Kobylinski, 2000). This is how it becomes an internal factor of sustain-
able development (Chabiera, 2016).

Protection is one of the major duties of modern management of cultural
heritage. Yet, increasingly more attention is paid to sustainable and responsi-
ble exploitation. Thus, it is worth stressing that effective protection of herit-



EKONOMIA | SRODOWISKO 1 (68) * 2019 General environmental and social problems

229

age includes the ability to include it into development processes as cultural
heritage will survive only if used (Boryczka, Zasina, 2016).

In Poland the Act of 23 July 2003 on Monuments Protection and Guardi-
anship contains the main body of regulations and specifies the scope and
forms of protection of monuments and historical buildings. It lays down prin-
ciples to be followed when drafting the national programme of monuments
protection, caring for them as well as funding all restoration, preservation
and construction works in such buildings or objects. The Act introduces
a number of tools that one may use to protect cultural heritage in Polish
municipalities. It also lists responsibilities and duties of public administra-
tion bodies entrusted with the protection of historic monuments and sites
(Dz.U.2003 No. 162 item 1568). These responsibilities are organised around
securing organisational, legal and financial framework that would ensure
lasting and sustainable maintenance, preservation and management of these
monuments, help prevent threats that could reduce their value and, ulti-
mately, counteract their misuse, destruction, loss, theft or illegal exports,
enhance control over their use and shape, in which they are preserved, and
specify protection responsibilities in local development plans, as well as
shape cultural environment (Gosztyta, Pasztor, 2013). The Act provides for
four basic levels of status of monuments protection: inclusion in monuments
register, listing on the National Heritage List, denominating as a historic
monument, identification of protection requirements in the local develop-
ment plan, and, finally, a cultural park (Dz. U. 2003 No. 162 item 1568).

Cultural park is a specific form of cultural landscape protection. It deals
with the protection of a certain area, in which such landscape can be found.
The role of a cultural park focuses on the preservation of unique areas of
outstanding beauty and monuments based in them, which make a given area
distinctive (Dz. U. 2003 No. 162 item 1568). A cultural park extends over a
delineated area, not just over individual elements of cultural heritage. It high-
lights cultural merits that give some specific features to the area in question.
Cultural park contains natural elements and man-made objects. Over the
years, human activities have shaped the area into a unique and original cul-
tural landscape. When a cultural park is established, its operating rules are
also adopted, including bans and limitations on how it can be used by local
residents, visitors, and economic operators based in it intended primarily to
protect and maintain the heritage (Lipiniska, 2011).

By setting up a cultural park we can generate diverse benefits to the area
of cultural heritage covered by such a protection format and to the specific
municipality and its local authorities. Such benefits include, inter alia,
increased tourist and education attractiveness of a given municipality (devel-
opment of the area), protection of all of its territory, enhanced spatial man-
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agement efficiency (e.g., possibility to use diverse tools to protect the park
from haphazard investment projects and avoid disorganised outdoor adver-
tising), and acting towards the fostering of local community ties and identifi-
cation with the place. The decision to establish a cultural park is taken by the
municipal Council but fully fledged cultural parks are created as a result of
multi-stage efforts (Chabiera, 2016).
Having cultural parks within the borders of a given territorial unit can
contribute to:
* comprehensive protection of nature and monuments within the area,
¢ increased attractiveness of a city/town to its residents and potential
tourists,
e spatial order (e.g., preventing disorganised outdoor advertising) and sus-
tainable development,
¢ higher management efficiency within the protected area,
* more intensive feeling of social identity,
¢ putting individual bans and restrictions in place.

The establishment of a cultural park may also effectively contribute to
sustainable development and spatial order within the area where monu-
ments and the environment are protected on equal grounds (Chabiera, 2016).

On top of that, to many territorial local authorities a cultural park is a
valid additional argument when applying for EU subsidies and financial
resources allocated by the Ministry of Culture and National Heritage, which
provide a vital impulse for local authorities in Poland suffering from budget
deficits to act and use new instruments of cultural heritage protection (www.
dladziedzictwa.org/programy-fundacji/parki-kulturowe-i-pomniki-his-
torii).

Obviously, discussions about cultural parks also address negative aspects
involved in the format. The most frequently stressed are costs of additional
outlays made by municipalities to pay for the drafting of mandatory docu-
ments, such as, inter alia, local spatial development plan, park protection
plan and the draft resolution on the establishment of a cultural park. These
costs, however, are borne as part of regular operations of local authorities
and practically remain little relevant in the context of a multiplicity of bene-
fits resulting from choosing this form of protection and shaping the cultural
landscape. In these discussions we can also hear unfavourable opinions
about putting in place restrictions on space management and types of solid
structures that are allowable in cultural parks. These voices and arguments
criticise restrictions imposed on the “Polish sacred right of real property
ownership” and result from many years of negligence and absence of a genu-
ine spatial planning system in Poland. Interestingly, in the light of surveys
that are discussed further in the paper, local communities see these restric-
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tions mainly as benefits of having a cultural park (more than % of respondent
group), which allows us to conclude that negative opinions may originate
from those whose vital interest lies in preserving the status quo.

Research Methodology

The survey was conducted in four stages (figure 1). Research methods
used in the first stage were based on heuristic techniques that deploy expert
knowledge and desk research. The second stage focused on the stock taking
of cultural parks in the Lodz voivodeship or, more precisely, in four munici-
palities (Lodz, Sieradz, Zgierz, and Leszczynek). These municipalities were
selected for the survey because they have been hosting cultural parks for
some years already. Besides, at this stage we also conducted a study based on
questionnaire interviews with representatives of local authorities and local
administration (offices, departments) and organisational units directly tak-
ing care of cultural parks in the above mentioned municipalities. Respond-
ents for the interviews were selected in a target sampling.

In the third stage we conducted a comparative analysis of cultural parks
in Poland paying special attention to cultural parks in the Lodz region (Lodz,
Sieradz, Zgierz, Leszczynek).

idea + heuristic techniques
(stage 1) + desk research

+ stock taking of cultural parks in Poland, especially

diagnosis of cultural parks in the Lodz region
(stage 2) * questionnaie-based interviews with representatives of local authorities
in communes from the Lodz region which host cultural parks

compa(;a::;: g;lalysm + analysis of cultural parks in the Lodz region
deepened diagnosis + questionnaire-based interviews
(stage 4) with Zgierz residents

Figure 1. Stages of research
Source: authors’ own work.

In the fourth stage we carried out a questionnaire-based social survey
among residents of one of the examined towns (Zgierz). It was a pilot study
and the sample was selected on a random basis. The survey was conducted
between May and July 2018.
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Our research was undertaken to find out about the role and importance
of cultural parks in sustainable development of towns and municipalities and
in the building of potential and attractiveness of these territorial units.

Cultural Parks: Typology and Distribution over the Territory
of Poland

Until the early 2018 thirty five cultural parks have been established
throughout the territory of Poland. We can divide them into 7 groups based
on categories of heritage they are supposed to protect: (www.dworniczak.
com/parki-kulturowe-w-polsce-rozmieszczenie-i-typologia/)

1. Protection of cultural townscape of ancient city centres.

2. Protection of cultural heritage encapsulated in complexes of historic
buildings situated nowadays outside of strict city centres.

Protection of (mainly) cultural landscape in non-urbanised areas.
Protection of landscapes connected with religious warship.

Protection of fortresses and military complexes.

Protection of relicts in cultural landscape.

Protection of sites and objects linked with historic personalities and
events.

No Gk w

In the Lodz voivodeship there are four cultural parks representing three
theme categories of protection: protection of relicts in cultural landscape
(Sieradz), protection of sites and objects linked with historic personalities
and events (Leszczynek), protection of cultural landscape in complexes of
historic buildings currently situated outside of strict city centres (Zgierz,
Lodz). The above-mentioned cultural parks in the Lodz voivodeship differ a
lot from one another on many grounds, such as, e.g., history, characteristics of
cultural heritage, functions or date of establishment.
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Table 1. Typology of cultural parks in Poland

Cultural parks established to: ~ Locations in Poland

1. Protect cultural townscape — Stare Miasto [0ld Town] Cultural Park in Wroclaw,
of ancient city centres — Stare Miasto [0ld Town] Cultural Park in Krakow,
- 0ld Town and Dominican Monastery Cultural Park in Jaroslaw,
- Konskie City Cultural Park,
= Krupowki Cultural Park in Zakopane,
- 0ld Town Cultural Park,
- Princely Town of Brzeg Cultural Park.

2. Protect cultural heritage — Weavers' Town Cultural Park in Zgierz,

encapsulated in complexes of - Stary Radom [Old Radom] Cultural Park,

historic buildings situated - Wilanow Cultural Park in Warsaw,

outside of strict city centres — Piotrkowska Cultural Park in Lodz.

3. Protect (mainly) cultural — Jeleniogorska Valley Cultural Park,

landscape in non-urbanised — Zakopianska Valley Cultural Park,

areas - "Hatda Poptuczkowa" [The Friedrich Mine Washing Tip] Cultural Park,

— Warmia Landscape Route Gietrzwatd-Woryty Cultural Park,

- Mickiewicz Cultural Park,

- Causeway Area Cultural Park in Bierun,

— Cultural Park of the Castle Hill and Budzowka and Nysa Klodzka Rivers
Valley in Kamieniec Zabkowicki.

4. Protect landscapes connected - Kalwaria Pakoska Cultural Park,

with religious warship — Eight Blessings Cultural Park in Sierakowice village,
— Jewish Cemetery Cultural Park in Zory,
- Cardinal Stefan Wyszynski Cultural Park.

5. Protect fortresses and military - Fortress Cultural Park in Srebrna Gora,

complexes - Twierdza Klodzka Fortress Cultural Park.
6. Protect relicts in cultural - Wietrzychowice Cultural Park,
landscape - St. Oswald Church Cultural Park in Plonkow,

- Sarnowo Cultural Park,

- Dolina Trzech Mlynow [Three Mills Valley] Cultural Park in Bogdaniec,
~ Grodzisko (Settlement) Cultural Park in Wicina,

— Castle Hill Cultural Park in Sieradz,

- Osada Lowcow Fok [Seal Hunters Village] in Rzucewo,

- Klasztorne Stawy [Monastery Ponds] Cultural Park.

7. Protect sites and objects — Cultural Park of ethnographic sub-region of Kutno associated with the
linked with historic personalities  Romantic poet Jozef Bohdan Zaleski,
and events - "Ossow the Gate to the Battle of Warsaw 1920" Cultural Park.

Source: authors’ own work based on: www.dworniczak.com/parki-kulturowe-w-polsce-rozmiesz-
czenie-i-typologia/, [10-06-2018].
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Table 2. Characteristics of cultural parks in the Lodz region

Cultural park

Established on  Heritage characteristics

Miasto Tkaczy [Weavers' Town] ~ 30.12.2003 A 19th century settlement of drapers - historic wooden

Cultural Park in Zgierz architecture mixed with traditional urban layout in one
place.

Castle Hill Cultural Park 09.2009 The area of ancient town within which the castle was later

in Sieradz erected on an oval grass island in the valley of the rivers
Warta and Zeglina (more than 600 m from the Old Town
market). (Plan Ochrony Parku Kulturowego|[Protection
Plan for Cultural Park], 2009, p. 30)

Cultural Park of ethnographic 28.04.2015 A palace and garden complex with monuments and

sub-region of Kutno associated natural assets. Protection efforts are motivated by the

with the Romantic poet Jozef wish to cultivate the memory of the Romantic poet Jézef

Bohdan Zaleski in Leszczynek Bohdan Zaleski who lived and worked there and to pre-
serve features typical of the culture of the region. (Resolu-
tion No. V1/35/2015)

Piotrkowska Cultural Park 09.12.2015 The layout of Piotrkowska, together with Wolnosci Square

in Lodz and Moniuszki Street (former Meyer's Precinct) preserved
in their authentic and integral shape. The sites were
awarded with the prestigious title of a Historic Monument
(the most protected category of monuments in Poland)
“Lodz - multicultural landscape of an industrial city". The
area includes buildings in different architectural styles:

Classicism, Art Nouveau, Historicism, and Modernism.

Source: authors' own work.

Because of the diversity and theme-related differences each cultural park
in the Lodz voivodeship fulfils a different function. The oldest one amongst
them, the Weavers’ Town Cultural Park, is focused on historical education
and social integration, which it promotes by organising events for the resi-
dents of Zgierz and for visitors. It has got a well developed cultural, catering
and hotel service infrastructure.

Castle Hill Cultural Park in Sieradz covers the area of the ancient historic
city and the nearby town market with shops and restaurants. In summer, the
old city hosts cyclical cultural and entertainment events. Cultural events
organised in the park in Sieradz make it a perfect recreational, integration,
and historic destination.

Events organised in the cultural park established in the ethnographic
sub-region of Kutno associated with the Romantic poet ]J. B. Zaleski in
Leszczynek turn it into a recreational and historic area that performs educa-
tional and integration function. Local residents and visitors may take part in
a number of cultural and recreational events.
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Piotrkowska Cultural Park in Lodz extends protection over the historic
area, one of the most recognisable places associated with Lodz. From the
very beginning, Piotrkowska has been a shopping street. Nowadays, besides
being a shopping area, Piotrkowska fulfils recreational, integration, historic,
and cultural functions. It is filled with restaurants, cafes, pubs, clubs, shops,
business headquarters, commercial offices and institutions. Piotrkowska
also becomes a stage for concerts, fairs, sports and cultural events organised
on different occasions and attracting big numbers of residents and visitors
from Poland and from abroad.

Moreover, as shown by results of the social surveys carried out with the
involvement of representatives of local authorities and civil servants from
local administration dealing directly with cultural parks, the main function of
park areas is to protect cultural heritage (table 3).

Table 3. Area and functions of cultural parks in Lodz voivodeship as seen by representa-
tives of local authorities and administrative units responsible for these parks

Cultural park Main functions
Piotrkowska Cultural Park in Lodz +  protection
+  tourist
social
Castle Hill Cultural Park in Sieradz +  protection
cultural

recreational

Weavers' Town Cultural Park in Zgierz +  protection
cultural

*  integration

Cultural Park of the ethnographic sub-region of Kutno associated with +  protection
a Romantic poet Jozef Bohdan Zaleski in Leszczynek + cultural

+  integration

Source: authors’ own work based on research.

According to respondents, each of the above cultural parks protects,
above all, elements of cultural heritage typical of given areas. Yet, due to their
nature, parks play a number of other functions serving the needs of local
communities. Interestingly, results of studies suggest that cultural parks also
have a powerful impact on integration. As indicated by respondents, the set-
ting up of cultural parks in Zgierz and in Leszczynek and activities under-
taken to this end in collaboration with the local community and local busi-
ness circles have strengthened the identification with the area and integrated
local residents.
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Cultural Heritage and Its Protection as a Factor Generating
Sustainable Development —Case Study of Weavers Town
Cultural Park in Zgierz

Cultural park is an arrangement used in monument protection, which
awards protection to an entire area with all property and structures situated
there together with the surrounding space. There are pros and cons to this
format. Social surveys with the participation of residents were carried out in
Zgierz where the first cultural park in Poland was established back in 2003.

Results of these pilot studies indicate that throughout its operations the
park has managed to occupy a remarkable place in the minds of local people.
As many as 80% respondents (out of 50 questionnaire studies) declared
being aware of its existence in Zgierz and 20% said they did not know that
the city owns such a valuable area protected as a cultural park. Besides, only
10% of those who claimed they knew about cultural park have never visited
it. Thus, the majority of investigated population are not only aware that there
is a cultural park in Zgierz, but they also visited it and enjoyed its attractions.
The most often visited places in the Weavers’ Town Cultural Park in Zgierz
are the Museum of Zgierz (52% respondents) and Weavers Cafe & Bistro
[Café&Bistro U Tkaczy] (32% respondents). Respondents also stressed that
they like walking in this area (42% respondents).

Results show that the cultural park established in Zgierz 15 years ago
contributes to the development of the town and impacts the identity of local
residents. The majority of respondents (94%) could successfully name cul-
tural heritage of Zgierz, its tangible and intangible elements (i.e., property,
sculptures, culture, and language) of high value, which provide an excellent
source of knowledge available for present and future generations and can be
used in the future as foundations of social and economic potential. Only 6%
of respondents see elements of cultural heritage as something material,
which can be considered outside of immaterial context (culture, tradition or
language).

A clear majority of respondents included in the study (84%) also stressed
that cultural heritage of Zgierz is very important as evidence of common his-
tory that needs to be cherished and developed. According to respondents,
cultural heritage, because of its uniqueness and specificity of its components,
makes an important basis for historic education and for building the aware-
ness of local community (66% respondents), as well as for preserving the
identity of the place (68% respondents). In the minds of residents of Zgierz,
this heritage brings in an important potential for the development of tourism
(62% respondents).
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In the course of the study, respondents identified functions fulfilled by
the cultural park in Zgierz. Most of them (74%) claimed that the main func-
tion of the park is the cultural function because of the number of cultural
events organised there. The park also hosts cultural organisations and insti-
tutions of culture (Museum of Zgierz, Wood Preservation Centre, etc.). The
majority of respondents also pointed to the educational (62%) and social
(34%) functions as primary functions of a cultural park. Cultural park offers
workshops and educational walks. Besides, respondents mentioned recrea-
tional (20%), tourist (16%), protection (11%), and integration (8%) func-
tions of the cultural park in Zgierz. It is worth noting that the main function
of the cultural park, i.e. - protection - identified as such by representatives of
local authorities and organisational units responsible for cultural parks was
seen as marginal by residents compared to other most often mentioned cul-
tural, educational or social functions.

Cultural heritage is seen by respondents from Zgierz as a key factor that
impacts the development of the town (3.82 on a scale from 0 to 5). This factor
was enumerated together with local social capital, which ranked the highest
in the eyes of residents (3.86 - we used the scale from 0 (no impact) to 5
(very big impact) upon the development of the town/city), cultural heritage
(3.82), and economic potential of the town (3.74), but also high quality edu-
cation (3.68), creativity, and entrepreneurship of local community (3.66). We
need to bear in mind that most respondents believe that the above factors
exert big or very big impact on the development of the town.

Interestingly, when asked about benefits from having a cultural park in
Zgierz, respondents (Zgierz residents) most often pointed to the deepening
of historic education, building residents awareness and identity (62%
respondents), and the protection of cultural heritage (62% respondents).
Residents of Zgierz are also aware of other benefits of the presence of a cul-
tural park in their town, such as promotion of the place among local commu-
nity and external users as a site of high cultural value (54% respondents) and
putting the space covered by cultural park in order (48% respondents). Other
benefits listed by respondents include the enhanced investment attractive-
ness to new business operators interested in locating their businesses in the
cultural park (40% respondents) and putting in place bans and limitations
aimed at reducing destruction within the area (26% respondents). Local
people are aware of many benefits resulting from the presence of the cultural
park in Zgierz, which materially contributes to the protection and mainte-
nance of the existing cultural heritage but also significantly determines the
development of the area in accordance with sustainable development princi-
ple.
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According to respondents, the biggest threats to elements of cultural her-
itage are posed by the ignorance of owners of buildings who tend to neglect
necessary major repairs or do not carry out current repairs of immovable
structures (82% respondents) and by society who through their conduct
may inflict destruction on monuments (intentional devastation or acts of
vandalism) (58% respondents). Another often mentioned threat includes
repair, restoration, regeneration or adaptation works conducted in a non-pro-
fessional way by people who do not perform their work properly. Speaking of
the awareness of representatives of local authorities and organisational units
who take care of cultural parks, there is a constant threat that care for techni-
cal shape and the condition of cultural heritage objects will be neglected and
the intergeneration transmission of the nature and value of local cultural her-
itage will get disrupted. This last threat remains almost unnoticed by the
residents, who are natural carriers of the specific character and outstanding
value of local cultural heritage of Zgierz.

Conclusions

Social awareness about the value of local cultural heritage is on the rise,
however, as a non-renewable resource cultural heritage must be covered
with proper protection and care and it must be well managed. We need to
rationally manage and protect elements of local cultural heritage to preserve
it for future generations and to maintain the identity of these places. Exces-
sive and thoughtless exploitation may lead to irreversible consequences.

Most respondents claimed a cultural park is a correct format to protect
cultural heritage because restoration plans and principles of protection laid
down in resolutions and provisions of local development plans considerably
facilitate the management of the protected areas and offer an array of tools
that help to more effectively enforce these rules.

By protecting cultural landscapes, a cultural park covers the entire area
with natural and man-made objects. It not only contributes to spatial order
but also guarantees sustainable development. Cultural parks in Poland offer
a wide range of elements of local heritage typical of respective areas in which
they have been established. Very often parks host institutions of culture and
businesses, which expand their service offer, help learn about the history of
places, shape the identity and awareness of local population, and make peo-
ple aware of the need to protect valuable areas of local cultural heritage.

Results of studies conducted among the residents and representatives of
units that supervise cultural parks in the Lodz region suggest that cultural
heritage is an appreciated element of culture. Respondents are increasingly
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more aware of the existence of local heritage and threats with which it is
faced. They highlight the need to especially protect common identity and his-
tory and take care of these places, while observing the principles of spatial
order and sustainable development. Respondents see cultural parks as edu-
cational, recreational and cultural (rather than protection) spaces, which
may mean that units which manage cultural parks are increasingly more skil-
ful at combining protection with the inclusion of cultural heritage into devel-
opment processes and its use by the local community.

The contribution of the authors

Ewa M. Boryczka - 50% (concept and objectives, literature review, data analysis,
writing).

Justyna Michalak - 40% (concept and objectives, literature review, research, data
analysis, writing).

Piotr Rzenica - 10% (concept and objectives, literature review).

Literature

Barthel-Bouchier D. (2016), Cultural heritage and the challenge of sustainability, Lon-
don, New York

Boryczka E. Zasina ]. (2016), Dziedzictwo kulturowe i tozsamo$¢ miasta, in:
Nowakowska A., Przygodzki Z. Rzenica A. (eds), EkoMiasto#Spoteczenstwo.
Zréwnowazony, inteligentny i partycypacyjny rozwdj miasta, 1.6dz, p. 65

Boryczka E.M. (2016), Economic base in urban regeneration process in postindustrial
cities, ,Gospodarka w Praktyce i Teorii” Vol. 45

Chabiera A. (ed.) (2016), Dziedzictwo obok mnie — poradnik zarzqdzania dziedzictwem
w gminach, Warszawa

Gosztyta M., Pasztor P. (2013), Konserwacja i ochrona zabytkdéw architektury, Rzeszéw

Guzman P.C,, Pereira Roders A.R., Colenbrander B.].F. (2017), Measuring links between
cultural heritage management and sustainable urban development: An overview of
global monitoring tools, “Cities” No. 60

Jewtuchowicz A. (2013), Terytorium i wspdtczesne dylematy jego rozwoju, 1L.6dz

Kobylinski Z. (2000), Zarzgdzanie dziedzictwem kulturowym a koncepcja ekorozwoju,
in: Gutkowska K. (ed.), Problemy zarzqdzania dziedzictwem kulturowym,
Warszawa

Koztowski S. (2002), Ekorozwdj: wyzwanie XXI wieku, Warszawa

Lipinska 1. (2011), Turystyka dziedzictwa kulturowego - wybrane aspekty ochrony
prawnej parku kulturowego, in: Wyszkowska I. (ed.), , Turystyka Kulturowa” No.
3, Poznan

Murzyn-Kupisz M. (2011), Dziedzictwo kulturowe jako endogeniczny zaséb rozwojowy

Jjednostek terytorialnych (polskie doswiadczenia w ramach dotychczasowych pers-
pektyw planowania unijnego) No. 140



240 General environmental and social problems EKONOMIA | SRODOWISKO 1 (68) + 2019

Murzyn-Kupisz M. (2012), Dziedzictwo kulturowe a rozwdj lokalny, Krakéw, p. 11

Nijkamp P. (2012), Economic Valuation of Cultural Heritage, in: Licciardi G., Amirtah-
masebi R. (eds), The economics of Uniqueness, Washington

O’Brien G. et al. (2015), Developing a model for building resilience to climate risks for
cultural heritage, “Journal of Cultural Heritage Management and Sustainable
Development” Vol. 5 No. 2

Protection Plan for the Castle Hill Cultural Park in Sieradz [in Polish] (2009), Krajowy
Osrodek Badan i Dokumentacji Zabytkéw w Warszawie

Rouba B.J. (2008), Autentycznosé i integralnos¢ zabytkéw, ,Ochrona zabytkéw” No. 4,
Warszawa

Rzefica A. (2016), Zréwnowazony rozwdj miast, in: Rzefica A. (ed.) EkoMiasto#Sro-
dowisko. ZréwnowaZony, inteligentny i partycypacyjny rozwoj miasta, £.6dz, p. 52

Thorsby D. (2012), Heritage economics: A Conceptual framework, in: Licciardi G.,
Amirtahmasebi R. (eds), The Economics of Uniqueness, Washington

Resolution No. VI/35/2015 of the Council of Kutno Municipality of 28 April 2015
establishing cultural park in Leszczynek [in Polish]

Act on Monuments Protection and Guardianship (2003) Dz.U. 2003 No. 162 item
1568

www.archiwum.uml.lodz.pl/miasto/rewitalizacja_i_zabytki_/park_kulturowy_ulicy_
piotrkowskiej/ [11-03-2018]

www.dladziedzictwa.org/programy-fundacji/parki-kulturowe-i-pomniki-historii/
[10-08-2018]

www.dworniczak.com/parki-kulturowe-w-polsce-rozmieszczenie-i-typologia/ [10-
08-2018]

www.nid.pl/pl/Informacje_ogolne/Zabytki_w_Polsce/Parki_kulturowe/Zestawie-
nie_parkow/miejsce.php?ID=3710 [10-08-2018]



Information for Authors — Submission Guidelines

Authors are invited to submit Academic Papers on theoretical and empirical aspects of Sustain-
able Deve-lopment and Environmental Management as well as on Environmental Economics and
Natural Resources. Papers submitted for review should be in the form of Articles, Research
Reports, Discussions or Reviews of Books, information on Academic Conferences, Symposia or
Seminars.

Submissions should have up to 20.000 characters excluding abstract, footnotes, and reference
list, with a clearly defined structure (Introduction, Chapters, Sub-chapters, Ending/Conclusions).
Please strictly observe the number of characters. Each additional 1.000 characters of the text
is charged (25 PLN or 6 EUR net).

Articles should be sent by e-mail to: czasopismo@fe.org.pl, in compliance with the official form
published on the website of the journal (www.ekonomiaisrodowisko.pl). A model form can be
found in TEMPLATE. The references cited have to be in alphabetical order, unnumbered. Plans,
drawings and schemas (black & white only) should be prepared using Microsoft Word with all
elements grouped in a single element group. Graphic elements (e.g. JPG) and schemas (e.g. in Excel)
should be submitted additionally as separate files.

Papers will be submitted to Peer Review and only original (previously unpublished) papers will be
accepted. Papers not complying with Editorial Recommendations will be returned to the Author
for correction.

The article, after taking into account the comments of our reviewers, is treated as final text. Pos-
sible corrections resulting from the editorial composition can only be made on pdf files sent for our
approval. Any corrections should concern only the errors resulting from the work on the text during
the composition (e.g. changes in subscript/upload indices, drawing errors and other technical
errors).

Please proofread your texts before sending them to us, as only the papers without any grammati-
cal and spelling errors will be accepted. The Author have to sign the STATEMENT, that the article
has been checked by the native speaker or professional translator. Please use correct scientific
English. The Editorial Office may publish abridged versions of papers or change titles.

Authors of a submitted manuscript must sign a CONTRACT, confirm that the paper has not been
published previously and transfer the propriety copyrights concerning the work to the Publisher.

Author's Fees: PLN 1200 plus VAT (PLN 1476) or 350 EUR.
The fee is charged after accepting the paper for publication.

Editorial Office Contact Details:

FUNDACJA EKONOMISTOW SRODOWISKA | ZASOBOW NATURALNYCH
Journal ,Ekonomia i Srodowisko”

Correspondence address:

FUNDACJA EKONOMISTOW SRODOWISKA | ZASOBOW NATURALNYCH
skr. poczt. 37, 15-436 Biatystok 9, POLAND

e-mail: czasopismo@fe.org.pl






	_GoBack
	_GoBack

