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Abstract. Effective water and sewage management is one of the most important
enablers of sustainable urban development. In Poland, water and sewage manage-
ment has been undergoing systematic transformation since the 1990s. This pro-
cess intensified with Poland’s accession to the European Union in 2004. The aim
of the work is to analyse and evaluate water and sewage management in cities in
Poland in terms of sustainable development. This was made possible by select-
ing seven variables from which a summative index (SI) was calculated. The anal-
ysis revealed a number of positive changes that have occurred in this field. These
were mainly: a decrease in water consumption in households and industry, and an
increased share of wastewater treated biologically or using enhanced nutrient re-
moval in total wastewater. An increase in SI was found in 98% of the researched
cities. The largest improvement in water and sewage management took place in
cities of populations below 100,000 and little industry, and in three large cities,
namely Warsaw and Szczecin.
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1. Introduction

The current global increase in urbanisation has con-
tributed to a growing interest in this research area
(Davis, 1955; Bertinelli, Black, 2004; Buhaug, Urd-
al, 2013; Jiang, O’'Neill, 2017). Cities are considered
to be collections of both positive and negative so-
cio-economic processes (Henderson, 2010; Satterth-
waite et al., 2010; Szymanska, 2007; Tibbalds, 2012,
Belanche et al., 2016, Stevenson et al., 2016). At the
same time, they have an extremely strong impact
on the natural environment (Newman, 2006; Al-
len, 2009; Gaigné, et al., 2012; Lezniki, Lewandows-
ka 2016). The environmental problems that cities
around the world are facing are very complex, and
often locally conditioned. Nevertheless, there are
some shared directions of change in this area. This
applies above all to implementing what are broad-
ly considered sustainable development principles.
One of the most important components of a city’s
sustainable development is a well-functioning water
and sewage management. This applies above all to
the good condition of water and sewage infrastruc-
ture with the widest possible access to it. It is also
important that households and industry limit wa-
ter consumption through the spreading of modern
pro-ecological technologies. These factors directly
favour the greening of a city.

Studies on urban water and sewage manage-
ment focus on technological, technical, environ-
mental and socio-economic aspects. Technological
and technical issues relate to practical guidelines for
engineers for constructing urban water and sewage
networks (Todini, 2000; Pape, 2008; Coutts et al.,
2013; Rojas-Torres et al., 2014) and the best wa-
ter treatment and purification technologies (Tor-
tajada, Nam Ong, 2016; Salgot, Folch, 2018). The
environmental aspects of water and sewage man-
agement mainly relate to the quality and param-
eters of potable water (Ekiye, Zejiao, 2010; Wang
et al., 2009; Coombes et al., 2016), and its impact
on the natural environment (Haase, 2015; Her-
slund et al., 2018). The socio-economic aspects of
water and sewage management focus on efficiency
(Gonzalez-Goémez, Garcia-Rubio, 2008; Zarghami,
2010). They also relate to the development of prac-
tical tools for measuring and improving water infra-
structure throughout its life cycle, including using

the Life Cycle Assessment method (Lundin, Mor-
rison, 2002; Sahely et al., 2005). It should be noted
that urban water systems have primarily been de-
signed to protect health and ensure safe and perma-
nent access to water. The increase in climate-related
phenomena that has been observed in recent years
has caused water shortages in many areas. Much at-
tention is thus being devoted to urban water saving
(Martin et al., 2015; Hoekstra et al., 2016; Staven-
hagen et al., 2018).

An OECD (2016) study of 48 cities around the
globe indicated that the main challenges for the ef-
fective management of water resources will be: the
aging or lack of infrastructure; national laws and
regulations; extreme events; climate changes; water
pollution; and political programmes’ lack of interest
in water issues. For these reasons, many countries
and cities are already implementing various pro-
grammes designed to improve their water manage-
ment systems (Daniell et al., 2015; Egan, Agyemang,
2019). For example, in Sweden, the “Sustainable Ur-
ban Water Management” research programme was
initiated in 1999. The main project goals are: striv-
ing to achieve a non-toxic environment; improving
health and hygiene; saving human resources; pro-
tecting natural resources; and saving financial re-
sources (Hellstrom et al., 2000).

In Poland, the issue of water and sewage man-
agement has for many years been dealt with selec-
tively. The main investments focused on extending
the water supply network, and then the sewerage
network. In the 1980s, the ratio of the water sup-
ply system’s length to that of the sewage system was
2.6:1. Sewage, was mostly discharged directly to the
receiver (a river or lake) in untreated form. The pe-
riod of political and economic transformation in
Poland that began only at the turn of the 1990s in-
itiated a slow evolution in environmental protection
(Piasecki 2019). Poland’s desire to join the Europe-
an Community (later the EU) provided a further
stimulus. One key criterion was the improvement
of water quality and water and sewage management.

Water and sewage management has always had a
very important role in cities, and it has gained ad-
ditional significance as they have grown dynamical-
ly. The aim of the work is to analyse and evaluate
water and sewage management in Polish cities in
terms of sustainable development. It is the authors’
intention to show the changes in water and sewage
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management since Poland’s accession to the Euro-
pean Union (EU). The focus was therefore on the
period 2004-2016. The work includes all cities that
are poviat capitals, excluding the city of Watbrzych
(due to the collected data being incomplete), i.e. 65
cities. The selected group of cities should be con-
sidered representative. It represents a total of 12.6
million inhabitants, constituting 32.8% of Poland’s
total population, and as much as 54.5% of the total
urban population.

The work assumes the hypothesis that positive
changes occurred in water and sewage manage-
ment in the examined cities. The main argument
for such a hypothesis was the requirement in Po-
land to adapt the water and sewage infrastructure
to EU requirements.

2. Methods and materials

This work uses data from the Local Data Bank
of the Central Statistics Office (Bank Danych
Lokalnych Gléwnego Urzedu Statystycznego [BDL
GUS]). They were used in the attempt to develop
a summative index for water and sewage manage-
ment. For this purpose, seven variables were select-
ed; their natures were that of either destimulants,
stimulants or nominants of water and wastewater
management (Table 1). The selected variables can
be defined as indicators of a city’s sustainable de-
velopment (Borys, 2005), which further increases
their universality. At the same time, it should be
emphasized that the selected variables can be sup-
plemented with other features of water and sewage

Table 1. Selected variables of water and sewage management

management. However, research in this area is not
the subject of this work.

The destimulants of sustainable development
were assumed to be per capita domestic water con-
sumption (V1) and per capita industrial-use water
consumption (V2). This is due to the need to limit
the use of fresh waters in all areas of human activi-
ty. Another destimulant is the the number of people
without access to sewage systems as a proportion of
total population (V3). According to the principles of
sustainable development, every resident should have
access to the sewage system. The last destimulant is
the value of BOD5 load relative to the amount of
industrial sewage (V4) discharged to the waters and
ground. Increased BOD5 load indicates a deteriora-
tion in water quality and an increase in pollution.

The stimulants of sustainable development were
taken as the amount of water treated either biolog-
ically or by enhanced nutrient removal as a propor-
tion of total wastewater (V5), and treated industrial
and municipal wastewater treated as a proportion
of total wastewater requiring treatment (V6). The
increase in the value of these indices indicates the
spread of waste water treatment technologies, and,
thus, reduced pressure on the natural environment.

The variable of ratio of sewerage network length
to water supply network length (V7) was deter-
mined as a nominant. The optimal ratio these
lengths is one-to-one. When the two networks are
similar, the discharge and pollution level of sewage
can both be easily controlled.

Subsequently, the selected variables were trans-
formed using the Zero Unitarisation Method in
order to obtain a uniform structure of analysed var-
iables. Then an attempt was made to calculate the

No. Selected characteristics of water and sewage management Variable
Vi Domestic water consumption (m?) per water supply network user D
V2 Residents without access to sewage system as a proportion of total population (%) D
V3 Per capita industrial water consumption (dam?) D
V4 BOD?5 load relative to amount of industrial wastewater discharged (kg/yr/dam?) D
ys ~ Wastewater treated biologically or with enhanced nutrient removal, as a percentage of total S
wastewater
V6  Treated industrial and municipal sewage as a percentage of wastewater requiring treatment S
V7 Length of sewerage network relative to length of water supply network N

Explanations: D — destimulant, S — stimulant, N — nominant
Source: own study based on CSO BDL data
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summative index (SI) of water and sewage manage-
ment based on the seven variables. This was done
using a method of linear arrangement of objects —
the Perkal index: ]
Z L
_ Al

m

W,

where

t, - the standardised value of observation for the
i-th case and j-th variable,

m - number of variables in the analysis.

The chosen method provided a summative in-
dex of water and sewage management ranging from
0 to 1.

3. Results and discussion

Water consumption is a good indicator of changes
made as part of the greening of human behaviour.
Therefore, raising residents’ environmental aware-
ness may also reduce water consumption. The eco-
nomic factor is another strong stimulus in this
respect, and is expressed in price per m® of water
(Shaban, Sharma, 2007; Olmstead, Stavins, 2009;
Harlan, et al., 2009). The importance of the two
factors changes with increased societal wealth. In
Poland, because income is still relatively low, the
economic factor prevails. However, in the highly
developed countries of Western Europe (whose so-

39
38
37
36
35
34
33
32
31

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

I Poland  emcity

Fig. 1. Domestic water consumption (m?®) per water sup-

ply network user
Source: own study based on LDB CSO data

cieties are wealthier), the greening of human behav-
iour prevails (Rachock, 2003; Lewandowska, 2018).

In the study period, there was a downward trend
in water consumption. The average annual water
consumption in households per water supply net-
work user decreased from 38.9 m® to 34.1 m’ in
cities. Since 2013, the V1 index has stabilised some-
what at around 34 m®. Slight increases or decreas-
es in subsequent years can be explained variation in
meteorological conditions (cool wet years, or warm
dry years). At the same time, water consumption
per user has increased in rural areas from 31.9 m?
to 33.4 m’ (Fig. 1).

The downward trend in water consumption by
urban households in Poland is confirmed by nu-
merous studies (Heidrich and Jedrzejkiewicz, 2007;
Goraczko and Pasela, 2015; Piasecki et al., 2018).
Many factors influenced the drop in water con-
sumption. The most important include:

« a change in the method of calculating fees for
used water — the introduction of water meters,

o the increase in water prices,

o the spread of water-efficient household appli-
ances (washing machines, dishwashers),

o the installation of water-efficient sanitary instal-
lations and bathroom fittings,

o adrop in urban populations.

The highest V1 values were observed in the larg-
est cities, including Warsaw and Krakéw, at 51.7 m’
and 47.4 m’, respectively (Fig. 2). The lowest wa-
ter consumption was recorded in Chetm (27.8 m?®)
Lomza and Rybnik (28.2 m?) and Suwalki (28.9 m?).

An important stage in the development of wa-
ter and sewage management in cities is to provide
people with access to the sewage system (V2), while
at the same time attaining a proper ratio between
the lengths of the sewerage and water supply sys-
tems (V7).The two networks being similar in length
allows full control over the distribution of drink-
ing water and the discharge of waste. In many cit-
ies around the world, operations are underway to
improve the quality of water and sewage infrastruc-
ture. This is to intended to make water management
more efficient. The modern solutions being intro-
duced allow costs to be reduced while reducing en-
vironmental pressure (Wang et al., 2017; Batista,
2018; Wang et al., 2018).
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There has been a significant decrease in urban
per capita industrial water consumption. The aver-
age value of variable V3 in the analysed cities de-
creased from 453 m’® in 2004 to 422 m® in 2016. The
reasons can be found in the socio-economic trans-
formation of the country at the turn of the 1990s.
It forced the closure of many unprofitable factories.
These also often happened to be plants with high
water consumption (Hotlo$, 2010). Poland’s acces-
sion to the EU also forced industry to implement
many pro-ecological solutions. Industrial plants
were obliged, among other things, to implement
ISO 14001 standards in environmental manage-
ment. These standards define basic environmental
objectives, including reducing the consumption of
mains water and the production of wastewater. The
cities with by far the highest values of this index
were Konin and Ostrofeka. These cities host two of
Poland’s largest coal-fired power plants. They use
very large quantities of water for cooling, replen-
ishing losses in boiler and heating circuits, and in
de-slagging and ash removal (Dominiak, 2014). As
a result, variable V3 is many times higher in these
cities than average (Konin - 18,010 m’ and Os-
troleka — 9,640 m®). It should be emphasised that
in 82% of the discussed cities, the value of V3 has
decreased.

Another important issue in the context of sus-
tainable urban development is wastewater manage-

A
O>1 000001 (1753 977 Warsaw

OﬁOO 001 - 1 000 000

() 250 001 - 500 000
QO 100001 - 250 000
o <100 000
Fig. 2. Summative index of water and sewage management
Source: own study based on LDB CSO data

ment, including the amount of pollution discharged
into waters. In 2004-2017, the volume of BOD5
load in industrial wastewater discharge in Poland
decreased by 29% (kg'-r'-dam™). In cities the de-
crease was much smaller, at only 3%. In addition,
the study period contained years in which BOD5
load increased (2008-2010 and 2013-2014).

Ensuring the highest level of wastewater treat-
ment is one of the main priorities for the greening
of wastewater management in modern cities. Ac-
cording to Art. 5 Para. 2 of Directive 91/271/EEC,
Poland committed to providing wastewater treat-
ment with enhanced nutrient removal in agglom-
erations of above 10,000 population equivalent. In
2016, in all cities surveyed, approximately 99.9% of
wastewater was treated to this standard. In 2004,
this figure was significantly lower, at 92.7%.

In the years 2004-2016, there was an upward
trend in the proportion of treated municipal and
industrial wastewater among total wastewater re-
quiring treatment (V6). Only 17% of cities saw the
V6 variable decrease, which included Zabrze, Olsz-
tyn and Bytom. The main factor that caused V6 val-
ues to drop in these cities was an increase in the
amount of untreated industrial wastewater.

The value of the summative water and sewage
management index (SI) for the studied group of
cities increased by 11.1% in the years 2004-2016.
This result confirms the initial hypothesis about the

O 0.651
0 0.549 - 0.650

-0.750
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general improvement in water and sewage manage-
ment in cities. In 2004, the highest SI values were
observed in Bydgoszcz, Leszno, Zamos¢, Lomza,
Siedlce and Olsztyn (Fig. 2). The lowest values oc-
curred in Szczecin, Mystowice, Jaworzno and War-
saw. In 2016, the highest SI index values were
recorded in Swietochtowice, Gorzéw Wielkopol-
ski, Chelm, Lomza and Zory, while the lowest were
found in Katowice, Ostroteka, Dagbrowa Goérnicza,
Jaworzno, Konin and Sosnowiec (Fig. 2). The high-
est values of this index occurred mainly in cit-
ies with a limited number of industrial plants and
high population density. The lowest index values oc-
curred in cities with a heavily developed industry.
This factor significantly lowered SI index values.

The value of the SI index was found to have in-
creases in all cities except Katowice. The index value
decreased in Katowice despite positive changes in
all the component variables. However, these chang-
es were far smaller than the corresponding transfor-
mations going on in other cities. Therefore, the final
SI value for Katowice was negative.

In 2004-2016, the highest increases in the SI
index were found in Szczecin (50%), Sopot (37%),
Mystowice (36%), Warsaw (29%) and Jaworzno
(26%). The scale of the improvement in the index
should be attributed to the major investments made
in these cities. In addition, these cities are relative-
ly small (fewer than 100,000 inhabitants, except for
Szczecin and Warsaw), which means that the pos-
itive effect of the investment may have been pro-
portionally higher than in larger cities. In Warsaw
and Szczecin, the value of the WS index in 2004
was among the lowest in the researched cities.
There were particularly low values in the V5 var-
iable (Warsaw: V5=0.33, Szczecin: V5=0.0), and in
V6 (Warsaw: V6=0.22, Szczecin: V6=0.07). The in-
tensive expansion and modernisation of the sew-
age system and wastewater treatment plants allowed
both variables to show clear improvements. Treat-
ed industrial and municipal sewage as a proportion
of total sewage requiring treatment (V6) increased
from 51.4% to 99.9% in Warsaw, and from 37.7% to
95.9% in Szczecin. At the same time, the standard
of wastewater treatment was raised. Currently, both
cities treat all sewage biologically with enhanced
nutrient removal (V5). In 2004, only 3.0% of sew-
age was treated in this way in Szczecin, and 48.9%

in Warsaw. The investments carried out resulted in
V5 and V6 values approaching 1.0 in 2016.

Positive changes in urban water and sewage
management in Poland have resulted from, among
others, the modernisation of water and sewage in-
frastructure. After 2004, many projects co-financed
by EU funds were implemented in Polish towns and
cities. Some examples include: Poznan - the mod-
ernisation of municipal water management sys-
tems, including sewage infrastructure, the rainwater
drainage system and sewage treatment plants; Ra-
dom - the modernisation and extension of water
and sewage management within the agglomeration;
Jaworzno - the implementation of a two-phase in-
vestment programme for potable water supply and
sewage disposal; and Zory - the construction of a
sewerage and rainwater drainage system, the re-
construction of the water supply network, the ex-
pansion and reconstruction of a sewage treatment
plant, and the construction of a water treatment sta-
tion.

The changes in urban water and sewage man-
agement identified in the work were in most cas-
es positive. The main factors of change include
new pro-ecological legal regulations, the modern-
isation and upgrading of industry and an increase
in citizens’ environmental awareness. However, Po-
land’s accession to the EU should be considered
the primary factor of change. In the Treaty of Ac-
cession, Poland undertook to implement EU law.
In the field of water and sewage management this
mainly concerned the Directive Water Framework
(DWF) 2000/60/EC and Directive 91/271/EEC.
The DWF had already been implemented in 2001
due to amendments to the Water Law Act (Regula-
tion, 2001) and the Environmental Protection Law
Act (Regulation, 2001b). The instrument for imple-
menting the Directive is the National Programme
for Municipal Waste Water Treatment (NPMW-
WT). The main goal of the NPMWWT is to re-
duce discharges of insufficiently treated wastewater.
The latest NPMWWT update of 2017 indicates that
all requirements of Directive 91/271/EEC were met
by only 525 agglomerations of the 1,587 included in
the programme. By 2021, this number is expected
to rise to 1,036 agglomerations. This confirms that
the issues of water and sewage management in Pol-
ish cities remain not completely resolved. Further
investments in this regard are required. However,
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financing for these investments may be difficult to
acquire. In recent years, Polish cities have carried
out a lot of investments, especially infrastructural
investments using EU funding. As a result, a signif-
icant portion of them is currently heavily in debt.
This fact may significantly limit further investments
in water and sewage infrastructure.

4. Summary

The results allow changes in water and sewage man-
agement in the analysed cities in the years 2004-
2016 to be identified as positive. The research
hypothesis was confirmed. The calculated increase
in the summative index was 11.1%, which should be
considered relatively low. However, it should also be
emphasised that all investments carried out in water
and sewage management are long-term. This means
that their positive effects are often observed after a
delay. The greatest improvement in the field of wa-
ter and sewage management (and thus the highest
SI index values) was found in cities with a popula-
tion of less than 100,000 and underdeveloped in-
dustry.

It should be emphasised that the noticeable im-
provement in urban water and sewage management
has not eliminated all environmental problems.
The amounts of pollutants entering water and land
from industrial plants are still problematic. In addi-
tion, the quality of water and sewage infrastructure
in cities still requires modernisation and upgrad-
ing. Local authorities should bear in mind that
well-functioning water and sewage management is
crucial in ensuring sustainable urban development.

The work is not an exhaustive treatment of the
issue, and in many areas only outlines this com-
plex research problem. Therefore, further in-depth
research is planned in this area.

Acknowledgements

This work was supported by the National Sci-
ence Centre of Poland [grant numbers 2015/19/N/
HS4/02586].

References

Allen, A. (2009). Sustainable cities or sustainable urban-
isation. Palette UCLS journal of sustainable cities, 1(2).
Available at: https://mycourses.aalto.fi/pluginfile.
php/219334/mod_resource/content/1/sustainable_ur-
banisation_allen.pdf, DoA: 10.01.2019.

Batista, G.D.G. (2018). Characterization of urban water
use and performance evaluation of conservation
practices using the Integrated Urban Water Model
in Sao Paulo, Brazil (Doctoral dissertation, Colorado
State University. Libraries). Available at: https://hdl.
handle.net/10217/193176, DoA: 20.01.2019.

Belanche, D. Casalg, L.V. and Orus, C. (2016). City at-
tachment and use of urban services: Benefits for smart
cities. Cities, 50: 75-81. https://doi.org/10.1016/j.cit-
ies.2015.08.016

Bertinelli, L. and Black, D. (2004). Urbanization and
growth. Journal of Urban Economics, 56(1): 80-96.
https://doi.org/10.1016/j.jue.2004.03.003

Borys T. (ed.). (2005). Wskazniki zréwnowazonego roz-
woju [Sustainable development indicators]. Ekonomia
i Srodowisko [In Polish].

Buhaug, H. and Urdal, H. (2013). An urbanization
bomb? Population growth and social disorder in cit-
ies. Global environmental change, 23(1): 1-10. https://
doi.org/10.1016/j.gloenvcha.2012.10.016

Coombes, P.J. Smit, M. Byrne, J. and Walsh, C.J. (2016).
Stormwater, waterway benefits and water resourc-
es benefits of water conservation measures for Aus-
tralian cities. In 37th Hydrology ¢ Water Resources
Symposium 2016: Water, Infrastructure and the Envi-
ronment (p. 74-81). Engineers Australia.

Coutts, A.M. Tapper, N.J. Beringer, ]. Loughnan, M. and De-
muzere, M. (2013). Watering our cities: The capacity for
Water Sensitive Urban Design to support urban cool-
ing and improve human thermal comfort in the Aus-
tralian context. Progress in Physical Geography, 37(1):
2-28. https://doi.org/10.1177/0309133312461032

Daniell, K.A. Rinaudo, J.D. Chan, N.W.W. Nauges, C. and
Grafton, Q. (2015). Understanding and managing ur-
ban water in transition. Springer, Dordrecht.

Davis, K. (1955). The origin and growth of urbanization
in the world. American Journal of Sociology, 60(5):
429-437. https://doi.org/10.1086/221602

Dominiak, P. (2014). Bez wody pitnej pradu z wegla nie
bedzie [Without drinking water there will be no elec-



156

Aleksandra Lewandowska, Adam Piasecki / Bulletin of Geography. Socio-economic Series / 45 (2019): 149-157

tricity from coal]. Available at: http://www.woda.edu.
pl/artykuly/energetyka/ DoA: 22.01.2019 [In Polish].

Egan, M. and Agyemang, G. (2019). Progress towards
sustainable urban water management in Ghana.
Sustainability Accounting, Management and Poli-
¢y Journal, 10(2): 235-259. https://doi.org/10.1108/
SAMPJ-09-2018-0232

Ekiye, E. and Zejiao, L. (2010). Water quality monitoring
in Nigeria; Case Study of Nigeria’s industrial cities.
Journal of American Science, 6(4): 22-28.

Gaigné, C. Riou, S. and Thisse, J.F. (2012). Are compact
cities environmentally friendly?. Journal of Urban
Economics, 72(2-3): 123-136. https://doi.org/10.1016/].
jue.2012.04.001

Gonzalez-Gomez, F. and Garcia-Rubio, M.A. (2008). Effi-
ciency in the management of urban water services.
What have we learned after four decades of research.
Hacienda Publica Espafiola/Revista de Economia Pii-
blica, 185(2): 39-67.

Goraczko, M. and Pasela, R. (2015). Causes and effects
of water consumption drop by the population of cit-
ies in Poland-selected aspects. Bulletin of Geogra-
phy. Socio-economic Series, 27(27): 67-79. https://doi.
org/10.1515/bog-2015-0005

Haase, D. (2015). Reflections about blue ecosystem
services in cities. Sustainability of Water Quali-
ty and Ecology, 5: 77-83. https://doi.org/10.1016/j.
swaqe.2015.02.003

Harlan, S.L. Yabiku, S.T. Larsen, L. and Brazel, A.].
(2009). Household water consumption in an arid
city: affluence, affordance, and attitudes. Society
and Natural Resources, 22(8): 691-709. https://doi.
0rg/10.1080/08941920802064679

Heidrich, Z. and J¢drzejkiewicz, J. (2007). Analiza zuzy-
cia wody w miastach polskich w latach 1995-2005
[Analysis of water consumption in Polish cities in the
time span of, 1995-2005]. Ochrona Srodowiska, 29(4):
29-34 [In Polish].

Hellstrom, D. Jeppsson, U. and Kirrman, E. (2000). A
framework for systems analysis of sustainable urban
water management. Environmental impact assessment
review, 20(3): 311-321. https://doi.org/10.1016/S0195-
9255(00)00043-3

Henderson, J.V. (2010). Cities and development. Jour-
nal of regional science, 50(1): 515-540. https://doi.
org/10.1111/j.1467-9787.2009.00636.x

Hoekstra, A. Chapagain, A. and Zhang, G. (2016). Water
footprints and sustainable water allocation. Sustaina-
bility, 8(20). https://doi.org/10.3390/su8010020

Hotlo$, H. (2010). Badania zmian poboru wody w wy-
branych miastach Polski [Variations in water con-
sumption observed in some municipalities in the
time span of 1990 to 2008], Ochrona Srodowiska,
32(3): 39-42 [In Polish].

Herslund, L. Backhaus, A. Fryd, O. Jorgensen, G. Jensen,
M. B. Limbumba, T.M. ... and Yeshitela, K. (2018).
Conditions and opportunities for green infrastruc-
ture-Aiming for green, water-resilient cities in Ad-
dis Ababa and Dar es Salaam. Landscape and urban
planning, 180: 319-327. https://doi.org/10.1016/j.lan-
durbplan.2016.10.008

Jiang, L. and O’Neill, B.C. (2017). Global urbaniza-
tion projections for the Shared Socioeconomic Path-
ways. Global Environmental Change, 42: 193-199.
https://doi.org/10.1016/j.gloenvcha.2015.03.008

LDB CSO [Local Data Bank of the Central Statistical Of-
fice (of Poland)], 2016: Available at: https://bdl.stat.
gov.pl/BDL/start, DoA: 22.02.2019

Lewandowska, A. (2018). Economics of waste man-age-
ment in Poland in the context of regional ecol-ogi-
sation as exemplified by Kujawsko-Pomorskie
voivodship. Electronic Journal of Polish Agricul-tural
Universities, 21(1), no pagination. Available at: http://
www.ejpau.media.pl/volume21/issuel/art-01.html,
DoA: 18.01.2019.

Leznicki, M. and Lewandowska, A. (2016). Contem-
porary concepts of a city in the context of sustain-
able development: perspective of humanities and
natural sciences. Problemy Ekorozwoju — Problems
of Sustainable Development, 11(2): 45-54. Available
at: https://papers.ssrn.com/sol3/papers.cfm?abstract_
id=2858231, DoA: 20.01.2019.

Lundin, M. and Morrison, G.M. (2002). A life cycle as-
sessment based procedure for development of en-
vironmental sustainability indicators for urban
water systems. Urban water, 4(2): 145-152. https://
doi.org/10.1016/S1462-0758(02)00015-8

Newman, P. (2006). The environmental impact of cit-
ies. Environment and Urbanization, 18(2), 275-295.
https://doi.org/10.1177/0956247806069599

Marques, R. C. da Cruz, N.E. and Pires, J. (2015). Meas-
uring the sustainability of urban water services. En-
vironmental Science & Policy, 54: 142-151. https://doi.
org/10.1016/j.envsci.2015.07.003

Martin, W.E. Ingram, H.M. Laney, N.K. amd Griffin, A.H.
(2015). Saving water in a desert city. Routledge.

OECD. (2016). Water governance in cities. OECD Pub-
lishing, Paris.



Aleksandra Lewandowska, Adam Piasecki / Bulletin of Geography. Socio-economic Series / 45 (2019): 149-157

157

Olmstead, S.M. and Stavins, R.N. (2009). Comparing
price and nonprice approaches to urban water con-
servation. Water Resources Research, 45(4). https://
doi.org/10.1029/2008 WR007227

Pape, T.E. (2008). Plumbing codes and water efficiency:
What's a water utility to do?. Journal-American Wa-
ter Works Association, 100(5): 101-103. https://doi.
0rg/10.1002/j.1551-8833.2008.tb09633.x

Piasecki, A. (2019). Water and Sewage Management Is-
sues in Rural Poland. Water, 11(3): 625. https://doi.
org/10.3390/w11030625

Piasecki, A. Jurasz, J. and Kazmierczak, B. (2018). Fore-
casting daily water consumption: a case study in To-
run, Poland, Periodica Polytechnica Civil Engineering,
62(3): 818-824. https://doi.org/10.3311/PPci.11930

Rachocka, J. (2003). Dekonsumpcja, domocentryzm,
Ekologizacja zycia —nowe tendencje konsumenckie
w rozwinietych gospodarkach rynkowych [Decon-
sumption, domocentrism, Ecology of life - new con-
sumer trends in developed market economies] [in:]
Problemy globalizacji gospodarki, Bernat T. (Eds.),
Polskie Towarzystwo Ekonomiczne, Szczecin, 185-192
[In Polish].

Rojas-Torres, M.G. Napoles-Rivera, F. Ponce-Ortega, ]J.M.
Serna-Gonzalez, M. and El-Halwagi, M.M. (2014).
Optimal design of sustainable water systems for cities
involving future projections. Computers & Chemical
Engineering, 69: 1-15. https://doi.org/10.1016/j.com-
pchemeng.2014.05.026

Sahely, H.R. Kennedy, C.A. and Adams, B.J. (2005). Deve-
loping sustainability criteria for urban infrastructure
systems. Canadian Journal of Civil Engineering, 32(1):
72-85. https://doi.org/10.1139/104-072

Satterthwaite, D. McGranahan, G. and Tacoli, C.
(2010). Urbanization and its implications for food
and farming. Philosophical transactions of the royal
society B: biological sciences, 365(1554): 2809-2820.
https://doi.org/10.1098/rstb.2010.0136

Shaban, A. and Sharma, R.N. (2007). Water consump-
tion patterns in domestic households in major cit-
ies. Economic and Political Weekly, 2190-2197. https://
www.jstor.org/stable/4419690

Stavenhagen, M. Buurman, J. and Tortajada, C. (2018).
Saving water in cities: Assessing policies for residen-

Mlnlm of Sclance  The proofreading of articles, positively reviewed and approved for publishing in the ‘Bulletin of
\ and ngh.r Education Geography. Socio-economic Series, was financed from the funds of the Ministry of Science and Higher

Education earmarked for activities popularizing science, in line with Agreement No 695/P-DUN/2018.

Rapuihilc of Paland

tial water demand management in four cities in Eu-
rope. Cities, 79: 187-195. https://doi.org/10.1016/].
cities.2018.03.008

Stevenson, M. Thompson, J. de Sa, T.H. Ewing, R. Mo-
han, D. McClure, R. and Wallace, M. (2016). Land
use, transport, and population health: estimating
the health benefits of compact cities. The lancet, 388
(10062): 2925-2935. https://doi.org/10.1016/S0140-
6736(16)30067-8

Szymanska, D. (2007). Urbanizacja na $wiecie [Urbani-
zation in the world]. Wydawnictwo Naukowe PWN.
Warszawa [In Polish].

Tibbalds, F. (2012). Making people-friendly towns: Im-
proving the public environment in towns and cities.
Taylor & Francis.

Todini, E. (2000). Looped water distribution networks de-
sign using a resilience index based heuristic approach.
Urban water, 2(2): 115-122. https://doi.org/10.1016/
S1462-0758(00)00049-2

Tortajada, C. and Nam Ong, C. (2016). Reused water poli-
cies for potable use. International Journal of Water Re-
sources Development, 32: 500-502. https://doi.org/10.1
080/07900627.2016.1179177

Wang, T. Liu, S. Qian, X. Shimizu, T. Dente, S.M.
Hashimoto, S. and Nakajima, J. (2017). Assess-
ment of the municipal water cycle in China. Science
of the total Environment, 607: 761-770. https://doi.
org/10.1016/j.scitotenv.2017.07.072

Wang, T. Shi, F. Zhang, Q. Qian, X. and Hashimoto, S.
(2018). Exploring material stock efficiency of munic-
ipal water and sewage infrastructures in China. Jour-
nal of Cleaner Production, 181: 498-507. https://doi.
0rg/10.1016/j.jclepro.2018.01.253

Wang, Y. Tang, K.W. Xu, Z.X. Tang, Y. and Liu, H.F. (2009).
Water quality assessment of surface drinking water
sources in cities and towns of China. Water Resourc-
es Protection, 25(2): 1-5.

Zarghami, M. (2010). Urban water management us-
ing fuzzy-probabilistic multi-objective programming
with dynamic efficiency. Water resources management,
24(15): 4491-4504. https://doi.org/10.1007/s11269-
010-9669-x



