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Abstract. Since the early 1990s the downward trend of water consumption has been observed in Poland, which also
applies to urban areas. The paper presents the analysis of changes in water consumption in Poland in the years 1990-
2012. The study takes into account the structure of water consumption as well as its diversity in urban and rural areas.
Moreover, the dynamic pace of development of water supply infrastructure and increase of its accessibility for rural
residents is indicated. As a result of the study it was revealed the total amount of water consumed in Poland was
reduced by 24%. The biggest, almost 36 percent drop, occurred in the operation of the water supply system (35.9%) as
well as agriculture and forestry (35%). Water consumption in production decreased by about 19%. There was a
significant difference between the structure and the trend of changes in water consumption in rural and urban areas. In
the countryside the largest share in the structure of water consumption was taken by production and irrigation, and in
cities - production and households.

Moreover, a drop by 20% was recorded in specific total water consumption, and it was stressed that in the cities it
was more than twice as high (46%). In the case of rural areas, this indicator value increased by 15%. In addition, the
main factors determining the decrease in water consumption were identified, which included, among others, the
liquidation of many industrial plants as a result of political transformation and the introduction of a general system of
water consumption metering (water meters).

In conclusion, from the ecological point of view, a significant reduction in water consumption in Poland should be
considered beneficial. At the same time, it needs paying attention to the economic and technological effects of the drop
in water consumption..
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Introduction

Water is the main chemical component of living organisms conditioning their existence. It is a basic
element of life for which man was unable to come up with a substitute. Therefore, such an important issue is
the access to clean drinking water. It is believed that countries with water resources below 2000 m*/M may
have difficulty meeting the needs of the population, and the countries with the resources below 1000 m%M as
having deep water deficit [1].

In Poland, the water resources per capita average 1580 m®, but this figure decreases to about 1000 m?in
the years of low total precipitation. As the effect of this, Poland’s water resources are almost three times
IO\éver than the European average (4560 m3/M) and about 4.5 times lower than the world average (7300
m“/M) [2].

A very important issue is the amount of water taken from the aquatic ecosystem, because after it has
been used a large part of it will be returned to the environment. Therefore, the derivative of the amount of the
volume of water drawn from the ecosystem is the resulting amount of wastewater. Each aquatic ecosystem
can take a certain amount of wastewater without major damage. However, exceeding the capacity of the
ecosystem related to its ability to the self-cleaning effect, often damages it irreversibly [3]. For these reasons
the relation between the water intake and its resources determined on the basis of the water exploitation
index seems important. In the case of Poland, the size of this index is unfavourable and is 15-20%. But the
biggest problem of water management in Poland is not water quantity, but significant precipitation variability
and extreme hydrological phenomena. It is most felt by agriculture, which results in crop failures [4, 5].

This paper analyses the structure and size of water consumption in Poland in the years 1990-2012. The
study takes into account differences in water consumption in urban and rural areas. In addition, the
development of water supply infrastructure and its availability to the residents was specified.

Materials and methods

The analyses were based on the data from the Yearbook of Environmental Protection issued by the
Polish Central Statistical Office (GUS) and the Local Data Bank of GUS [6, 7]. They included information on
the size and structure of water consumption and the number of people using the water supply network. The
data on the length of said network in order to determine the dynamics of its development was also used.
Furthermore, examining the diversity of water consumption in rural and urban areas in Poland it was also
considered that a significant transformation in the place of residence of the population has taken place.
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On the basis of these data on the population and the size and structure of water consumption in Poland
the following indicators were calculated:
» specific total water consumption:

C
hotat =17 365 (1
where: |y — specific total water consumption,
Chotal — total water consumption,
M — number of citizens of Poland.

» specific water consumption in households (urban and rural areas):

— ChC or Ihv — Chv
M, -365 M, - 365
where: |y, Iy — specific water consumption in households (urban and rural areas),

Che, Chy— water consumption in households (urban and rural areas),
M., M, — number of inhabitants (urban and rural areas)

)
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In addition, the chain rate of change dynamics of water consumption in urban and rural areas and the
aforementioned length of the water supply system were calculated. Denoting the studied phenomenon as y;,
the average chain rate of growth takes the following form:

j=ng—.2£.2=2. .20 (3)
Yo Y1 Y2 Y-

Using the average chain rate of growth the average rate of change (T) of water consumption in the
analysed period was determined:

A _C/Y1 Yo V3 Yn

T = (i -1)-100[%] ()
Results and discussion

Since the early 1990s the downward trend of water consumption has been observed in Poland (Fig. 1). In
the years 1990-2012 a decrease in total water consumption was approximately 24%. The biggest, almost 36
percent drop, occurred in the exploitation of the water supply system (35.9%) as well as agriculture and
forestry (35%). Water consumption in production decreased by about 19%. Despite a significant decrease in
water consumption for many years its structure was not subject to significant change. About 75% of the
water is consumed in production, 15% for municipal purposes, and only 10% for irrigation.
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Fig. 1. Water consumption by the national economy sectors in Poland: 1990-2012. Explanations: 1 — total, 2 —
production, 3 — irrigation and forestry, 4 — exploitation of the water supply network.
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The decrease in water consumption observed in Poland was caused by many factors. One of the most
important was the change in the industrial sector. The socio-economic transformation that took place in
Poland in the late 1980s and 1990s forced the closure of many unprofitable plants. At the same time they
were often water-intensive plants.

In the case of households, an important factor limiting the water consumption was widespread metering of
consumption of tap water and a significant increase in its price. In addition, in the analysed period water
wastage was significantly reduced by installing good quality equipment and the modernisation of canals and
sanitation.

Analysing the share of rural and urban areas in the total water consumption in Poland, a big change was
recorded (Fig. 2). In 1990, in Poland the vast majority of water was consumed in the cities (over 65%).
Currently, more than half of the water is consumed in rural areas (about 55%), and only 45% in cities. For
these reasons, an extremely different nature of the changes of the tested element in both areas should be
stressed. Before the early twenty-first century the water consumption in rural areas showed insignificant
multidirectional changes. It was not until after 2000 that there has been a clear upward trend.
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Fig. 2. Urban and rural areas in total water consumption. Explanations: 1 - urban areas, 2 - rural areas.

Water consumption in urban areas was decreasing steadily since the early 1990s. A slight increase was
recorded only in 2006-2007. This slight deviation from that trend was mainly due to an extremely low
precipitation in that period. It should be noted that in the last two years of the research period, the share of
urban and rural areas in the total water consumption in Poland stabilised and remained unchanged.

In rural areas in the years 1990-2012 water was mainly consumed for production and irrigation.
Households accounted for only a few percent of the total water consumption. However, the average annual
growth rate of water consumption in the case of households was the largest and amounted to more than 2%.
As a result, the volume of water consumed for this purpose increased throughout the study period by more
than 152%. The relatively smaller increase in water consumption was recorded in production - by 38% - with
an average annual growth rate of 1.5%.

Table 1.
Dynamics and the average annual rate of change in water consumption

Dynamics of changejolrr]mst:n(: F\)/t:i:\cl;lrc])us sources of water Average annual rate of change

c 2} c (7]

5 ; § s | %

Lp. Area 3 S 2 3 S 3

2 E 3 2 = 5

o - E a = E

%
1990 — 2012

1 Poland -18.8 -34.9 -37.6 -0.9 -1.9 -2.1
2 Rural 38.1 50.0 152.7 1.5 -2.1 1.9
3 Urban -45.0 93.8 -50.2 -2.7 3.1 -3.1

The reason for such a significant increase in the amount of water consumed by households was an
increase in the availability of water supply infrastructure in rural areas and counter-urbanisation phenomenon
observed in Poland since the late 1990s. The result of this process in recent years is an increasing number
of rural residents, with decreasing urban population. The dynamic development of water supply
infrastructure, including the transmission network, occurred since the early 1990s (Fig. 3).
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Fig. 3. Length of the water supply network in Poland in the years 1990-2012, broken down into urban and rural areas.
Explanations: 1 — Poland, 2 — rural areas, 3 — urban areas.

As a result of the investment the total length of the water supply network increased by 163 354.8 km and
a number of new intakes and water treatment plants were built. For comparison, during this period in the
cities a little more than 26 500 km of water supply network were completed. The average annual growth rate
of the water supply network in rural areas amounted to 6%, while only 3% in urban areas.

Increased water consumption for production purposes in rural areas was mainly due to the transfer of
many industries and services to suburban areas where business costs are much lower. Additional incentives
were often special economic zones created in rural areas. Within them, the companies were entitled to
additional discounts and incentives.

The course of changes in the amount of water consumed in urban areas had, as already mentioned, a
different nature than in rural areas. The largest decrease was observed in the use of water for municipal
purposes (50%) and slightly lower on manufacturing (44%). Average annual rate of change in both cases
was negative and amounted to 3.1 and 2.7%, respectively.

What is interesting is an increase in the amount of water used for irrigation, which relates mainly to green
areas, in particular parks, squares and lawns. A large part of water is also consumed on watering gardens
and allotments, which continue to operate in many cities in Poland (Fig. 4). The average annual increase in
water consumption for this purpose amounted to 3.1%.

hm? hm?

9000,0 7000,0

5000,0
4000,0 \/x_/—f/ ................

3000,0 iy

8000,0
7000,0

6000,0
5000,0
4000,0

3000,0
2000,0

2000,0 .
1000,0 & Nt N —— e — .

1000,0

0,0 o — — ——— . f— . — 1 —__t— 0,0

chcacaq"qqqq“’q‘*‘@b"&c”’@‘e"e@é\@e“‘\“\" qq%qq"q%qq% LAFLFTLES RO
NN S SIS S SIS S D N S S S S S S
—— eeeeee 2 w3 = -4 1 eeeees 2 a3 = -4

Fig. 4. Structure of water consumption in urban (A) and rural areas (B) in the years 1990-2012. Explanations: 1 —
total, 2 — production purposes; 3 — irrigation and forestry; 4 — exploitation of the water supply network.

The structure of water consumption in urban areas is now dominated by production purposes (about
75%). The remainder of the water is consumed mainly for municipal aims (24%). During the studied period
this structure did not change much. In the case of rural areas the share of production in water consumption
significantly increased, while the share of irrigation decreased. It should be emphasised, however, that in the
volume of water consumption for this purpose significant differences in individual years are observed.

This is mainly due to changing weather conditions occurring in Poland, especially precipitation totals.

Until the mid-1990s, the specific total water consumption in Polish cities was higher than the national
average. In subsequent years, a systematic decrease in water consumption in urban areas caused a
reduction in the value of this indicator. It is now much lower than the average for Poland. In rural areas, the
opposite trend was observed (Fig. 5).
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Fig. 5. Specific water consumption: total (A) and in households (B). Symbols: 1 — Poland, 2 — urban areas, 3 — rural
areas.

A similar situation occurred in the case of the indicator describing the specific water consumption in
households. Within 23 years this indicator for urban areas fell twice from 187 to 93 m? per day. In 1990, the
difference between specific water consumption in rural and urban areas was more than three-fold. Currently,
it is only 23 m® per day.

Conclusions

The analysis found a significant decrease in total water consumption in Poland in the years 1990-2012.
The decline referred to all sources of water consumption and, as a result, its structure remained largely
unchanged. The key factors determining the decrease in water consumption were highlighted; they included,
among others, liquidation of many industrial plants as a result of political transformation and the introduction
of a common system of metering of water consumption (water meters).

There was a significant difference between the structure and the trend of changes in water consumption
in rural and urban areas. In rural areas the largest share in the structure of water consumption was recorded
in production and irrigation, while in cities — in production and households. In both areas, the opposite trend
of changes in the amount of water used was observed. In urban areas, this figure decreased, while in rural
areas — the opposite — it increased. The main causes of these changes were highlighted, which included
increasing attractiveness of suburban areas for investment, the development of water supply infrastructure in
the country and progressive counter-urbanisation.

Examining the total specific water consumption in Poland, its 20% decline was recorded; in urban areas
the level of decline was more than twice as large (46%). In the case of rural areas, the indicator value
increased by 15%. The main reason for this was an increase in water consumption for production purposes,
which resulted from the transfer of a significant number of businesses from the city centers to suburban
areas. In addition, analysing the indicator of the specific water consumption by households, the attention was
drawn to the tendency to decrease the differences between urban and rural areas.

To summarise the observed changes in the size of water consumption in Poland, what should be
emphasised is their significance both in the economic and natural sphere. From an ecological point of view,
these changes should be considered beneficial. However, from the point of view of water supply, especially
in larger cities, the observed changes can be a significant problem. Constantly decreasing water
consumption caused difficulties in forecasting water demand, and hence the collection and disposal of
wastewater.

The consequence of this is that the newly-built water and sewage networks in Polish cities appear to be in
many cases too large in relation to the current demand. This results in an increase in fixed costs in the
provision of water supply and sanitation. This directly translates into an increase in specific costs and
charges for these services.

Undoubtedly, however, limited water resources in Poland and the large variability of their occurrence in
time and space make it necessary for rational water management. Therefore, the decrease in water
consumption in large part should be identified with a reduction in human pressure on the environment.
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AHHOmauusi. A. lNuacauyku, B. Mapwsanbascku KonuyecmeeHHble U cmpyKmypHble u3MeHeHusi 8 nompebneHuu
eo0bl e [Monbwe Ha nepesiome XIX —XX ee. C Havana 90-x eodoe 8 [lonbwe Habnodaemcss meHOeHUUsT K
MOHUXeHUro rnompebrieHusi 800bI, Komopasi 8 3Ha4umesibHoU cmereHu akmyarbHa u O 20podcKux meppumopud. B
npednazaemol pabome npoaHanu3upogaHo nompebreHue eodkl 8 Nonbwe 3a nepuod 1990-2012 22. B uccnedosaHuu
y4YmeHbl Kak obwasi cmpykmypa riompebrieHusi, mak u ee 0CoO6eHHOCMU Ha 20pPOOCKUX U Oepe8eHCKUX meppUmopusix.
Kpome moezo, 8 pabome obpawaemcsi 8HUMaHue Ha OuHamu4yeckoe pasgumue 8000MnpPo8OOHOU UHbpacmpyKmypbl U
pocm ee OQocmynHocmu Ond HacesneHusi 0OepesHU. B pesynbsmame npoeedeHHo20 uccriedogaHusi  6blrio
KOHCMamupoeaHo rnoHuxeHue riompebneHusi 800kl 8 [Monbwe Ha 24%. Camoe 6onbwoe, noimu 36-npoyeHmHoe,
nadeHue rpousowsio 8 obrnacmu aKcrinyamayuu 80donpogodHol cemu (35,9%), a makxe e cesibCKoM xossilicmee U
neconpombiwnneHHocmu (35%). NMompebrieHue 800bI 8 obnacmu rnpouzsodcmea yMeHbWUocb Ha okosro 19%.
BobisierieHbl cyuiecmeerHble pasnudusi Mexoy cmpykmypol u meHOeHuusmu 8 rnompebrieHuu 800kl Ha 20pOOCKUX U
OepeseHcKux meppumopusix. B depesHe camyro 6onbwyro 000 8 cmpykmype nompebrieHuss cocmaensnu
npou3so0cmeo u opocumersibHble cucmeMsl, a 8 20podax — rPou3eodcmeo u domawiHue xossticmea.

B pabome obpawaemcsi BHUMaHUe Ha MoHUXeHue ydesibHo20 Uumoe2o8o20 nompebrieHusi 800bi Ha 20%, npudem
rod4yepkugaemcsi, Ymo no eopodam OHO 6biio b6oree yem 6 dsa pasa bonbwe (46%). B cnyyae OepeseHckux
meppumopuli amom ykasamesib 8bipoc Ha 15%. Kpome mozo 6binu onpedeneHbi arnasHbie ¢hakmopsbl, snusouue Ha
noHwxeHue nompebrieHusi 600bl, K KOMOPbIM OMHOCAMCS, 8 YaCmHOCMU, 3aKpbIMue MHO2UX MPOMbIUWIIEHHbIX
npednpusmutll 8 pe3ynbmame coyuarnbHO-NonumuYeckol mpaHcgopmauyuu u esedeHue 8ceobuweli cucmembsl
usmepeHus nompebrieHus1 800bI (CHeMYUKU 800bl).

Wmoeom nposedeHHO20 uccriedosaHusi serisiemcss ymeepxxoeHue O MmOM, 4mO C MOYKU 3PEHUS 3Kosro2uu
cywecmeeHHoe rnoHWwxeHuUe nompebreHus eo0b! 8 Nonbwe crnedyem ripu3dHamb MOSIOKUMEbHbIM SI8/IEHUEM, Npu4yem
credyem obpamumb 8HUMaHUE Makxe Ha e20 SKOHOMUYECKUE U MeXHO/I02u4ecKue rnociedcmeus.

Knrodeenie cnoea: cHabxxeHue 8odol, 800HbIE pecypchl, mompebrieHue 800bi, Mo20/108Hoe nompebrieHue 800kl

AHomauis. A. liaceuki , B. Mapwernbeecki KinbkicHi ma cmpykmypHi 3MiHU e cnoxueaHHi eodu e [Monbuwi Ha
nepesiomi XIX -XX em. 3 noyamky 90 - x pokie y lNonbwi ciocmepicaembcsi meHOeHUiss 00 3HUXEHHST CrIOXXU8aHHS
800U, sIka 3Ha4YHOK MIpOK0 akmyaribHa i 0511 MicbKUX mepumopiti. Y npornoHosaHiti pobomi npoaHarsizo8aHo CrioxKUugaHHs
80du y lNonbwi 3a nepiod 1990-2012 pp.. Y OocnidxeHHi epaxoeaHi K 3az2allbHa CmMpyKmypa CrioxueaHHs, mak i ii
ocobnugocmi Ha MicbKux | cinbcbKux mepumopisix. Kpim mozo, & pobomi 3eepmaembcs ysasa Ha OuHaMidHUl
p038UMOK 8000rpPOBIOHOI iHGbpacmpykmypu ma 3pocmarHs ii docmynHocmi Onsi HaceneHHs cena. Y pesynbmami
rnposedeHo20 OOCITIOKEeHHSI BYI0 KOHCMamOo8aHO 3HUXXEHHST crioxusaHHs 800u 8 NMonbuwii Ha 24 %. Halibinbwe, malxe
36 -gidcomkoee nadiHHs cmarnocs 8 2any3i ekcrislyamauii eo0ornposioHoi mepexi (35,9 %), a makox e cinbCbKomy
2ocrnodapcmei i niconpomucriosocmi ( 35 %). CnoxusaHHsi 800u 8 obnacmi supobHuumea 3meHwusiacs Ha 6u3bKO
19%. BusieneHo cymmesi 8iOMiHHOCMI MK CMPYKMypor i meHOeHUMU 8 CrioXueaHHi 800U Ha MICbKUX | CillbCbKUX
mepumopisx. Y ceni Halbinbwy Yacmky 8 cmpyKmypi CrioxusaHHs cmaHo8usiu 8UpobHUYMEO i 3powlysarbHi cucmemu,
a 8 Mmicmax - s8upobHuUYymMeo i domalwiHi 2ocriodapcmea .

Y pobomi 38epmaembcs ygaca Ha [MOHUXEHHS MUMOMOI niOCyMKO8020 crioxusaHHsi 8odu Ha 20 %, npudomy
niOKpecemMscs, WO Mo mMicmax 8oHO byrno 6inbw Hix 8 dea pa3su binbwe (46 %). Y pasi cinbcbkux mepumopit yeu
roKaxyuk 3pic Ha 15 %. Kpim moeo 6yru eusHayeHi 205108HIi YUHHUKU , WO 8MIUBAI0Mb Ha 3HUXEHHS CrioXXusaHHs 600U,
00 sKUX Harnexamb, 30KpeMa, 3akpumms 6a2ambOXx MPOMUCIIO8UX MidrpuUeMcms 8 pe3yribmami coyiasibHO-MoMiMuUYHOI
mpaHcgopmauii ma 3anposadKeHHs 3a2allbHOI cucmemu 8UMIpY CrioxueaHHs 800U (iHUIbHUKU 800U).

llidcymkom rnposedeHo20 OOC/IOKEHHSI € MEepPOXeHHs MPo m , WO 3 MOYKU 30py €Kosioaii icmomHe 3HUXEeHHS
crioxueaHHsi eo0u 8 [Monbwi ¢nid@ eu3Hamu MO3UMUBHUM SI8ULLEM, MPUYOMY Crlid 38epHymuU yea2y makox Ha (o020
E€KOHOMIYHI ma mexHOs0aidHi HacmioKu .

Knroyoei cnoea: nocmayaHHsi 800010, 800HI pecypcu, CrioXueaHHs1 800U, M020/108He CIIOXU8aHHs1 800U.

lMocmynuna e pedakyuro 29.01.2014 a.

827



