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Abstract: This study is focused on the changing of areas of water bodies in selected villages of
the Pilsen Region (Czechia). We researched several different types of rural
settlements and three time horizons with the help of old maps, orthophoto maps and
GIS tools. To capture the influence of their location within the urban system, we chose
15 places from four categories (inner suburban area, outside suburban area, rural
area, periphery rural area) depending on their distance to the core of the Pilsen
agglomeration. There is no significant change in the amount of water bodies between
the first reference period (1838-1839) and the second period (1957-1963) in
the selected settlements. However, the third period (2013-2015) is characterized by
the emergence of a large number of small water bodies — swimming pools and garden
ponds. Based on the results of our research we identified the declining importance of
public water bodies in some of the settlements. However, we have identified a notable
prevalence of garden ponds which have a more positive ecological impact than pools.
The proportion of private water bodies (covered and uncovered pools and garden
ponds) in the total area of water bodies in the rural settlements in most cases is less
than 20%, in the suburban settlements up to 100%. Peripheral settlements have
a below-average share of these water bodies. The difference between the number of
pools in different settlements is related to the proportion of newly built houses there.
Although there are relatively fewer pools in rural settlements, the difference compared
to the situation in suburban settlements is not pronounced due to the change in lifestyle
in rural areas and the change in functions of some villages to recreational areas.
Influence of pools on water consumption is dependent on the individual exchange
technology of water in swimming pools. Filling of the pool before the season can
overload the capacity of the local water supply.

Keywords: swimming pools, garden ponds, rural settlements, water consumption,
suburbanization, Pilsen Region

Abstrakt: Studie je zaméfena na zmény vodnich ploch ve vybranych sidlech Plzefiského kraje
(Cesko). Zkoumali jsme r(izné typy venkovskych sidel a tfi ¢asova obdobi s pomoci
historickych map, ortofotomap a nastroju GIS. Abychom mohli diskutovat vliv polohy
vramci sidelniho systému, vybrali jsme 15 sidel ze Ctyf kategorii uzemi (vnitfni
suburbanni, vnéjsi suburbanni, venkovské, venkovské periferni) podle vztahu k jadru
plzefské aglomerace. Mezi prvnim sledovanym obdobim (1838-1839) a druhym
obdobim (1957-1963) neni vyznamna zména vodnich ploch ve vybranych sidlech.
Treti obdobi, zachycujici aktualni stav (2013-2015), se ovSem vyznacuje vznikem
velkého poctu drobnych vodnich ploch — zahradnich bazénl a jezirek. Na zakladé
naseho Setfeni byl v nékterych sidlech identifikovan upadajici vyznam vefejnych
vodnich ploch. Zajimavy je podil rozlohy zahradnich jezirek v nékterych sidlech, kde
maji vétsi ekologicky vyznam nez vodni plochy bazénu. Podil vodnich ploch zahrad
(krytych i nekrytych bazénl a jezirek) na celkové rozloze vodnich ploch intravilanu
venkovskych sidel je ve vétSiné pfipadl mensi nez 20%, v suburbannich sidlech az
100%. Podprimérny podil téchto novych vodnich ploch vykazuiji sidla periferni oblasti.
Rozdil mezi pocétem bazénud v jednotlivych sidlech souvisi s podilem nové
vybudovanych domu. Ve vesnickych sidlech je sice nizSi relativni pocet bazéna,
ovSem vlivem zmény Zivotniho stylu na venkové a rekreacni funkce nékterych vesnic,
neni rozdil oproti suburbannim sidlim vyrazny. Vliv bazénl na spotfebu vody je
zavisly na individualni technologii vymény vody v bazénech. Rozhodujici polozkou je
napousténi vody do bazénu pred zaCatkem sezény, coz muze pretéZzovat kapacitu
mistniho vodovodu.

Klicova slova: bazény, zahradni jezirka, venkovska sidla, spotfeba vody, suburbanizace,
Plzerisky kraj
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1. Introduction

In the current practice of water management attention is paid to water management in urban
areas, but less so to rural settlements. In the historical context, the evolution of cities has been
marked by securing water resources, drainage area, construction of flood protection and
strengthening of the importance of water as a recreational and ecosystem elements of towns.
Current trends of water management are being introduced in response to climate change in cities
that integrate most of the existing water management requirements (Wong 2013; Ferguson et al.
2013; Kopp 2015). Experience in water management of cities can not be directly applied to rural
settlements, which are not only smaller in size, but also have lower levels of water infrastructure,
generally lower level of flood protection, and closer contact with the surrounding undeveloped
landscape or other features surfaces in urban areas (ZMOS 2008).

The water bodies of the settlements have four basic meanings — (1) water management, (2)
ecological, (3) climatic and (4) socio-cultural. Importance for water management is related to their
functions, for example the reserve of water, fire reservoir, fish farming. The semi-natural habitats
in the anthropogenic environment of settlements determine ecological importance of the water
bodies. The importance of climate change is related to the ability of thermoregulation of
the landscape. This aspect is very important in a period of climate change. Aesthetic, recreational,
historical and architectonic values of the water bodies of the settlements define socio-cultural
significance.

Currently 84% of the population of Pilsen Region is supplied with water from the public water
works (CSU 2015). The proportion of residents who have homes connected to the sewage system
is 83% (CSU 2015). In rural areas, access to public water infrastructure is lower than the average
across the region. Insufficient capacity of storm drains and low retention capacity of
the agricultural landscape provokes flooding when torrential rainfalls flood parts of the villages
that otherwise would not be threatened by floods from their local watercourses (Hyskova 2003;
Kopp 2007). Meanwhile land use changes in rural communities continue to be affected by the
ongoing "urban" trend — the changing use of private land for recreational function or expansion of
impervious surfaces in public spaces that are reaching the city standards in the proportion of
paving and asphalt. Consequently, it is possible to expect to increase problems in connection with
the trends of climate change. The basic problem we see is the potential for growing summer water
consumption for the operation of recreational gardens with pools installed in many places, which
may lead to inadequate water supplies for normal daily operation needs of households. In our
research we have therefore tried to identify these changes in the development of rural areas in
the Pilsen Region using a sample survey of some settlements and an assessment of
the development of water bodies in their urban areas. The research should help find answers to
the following questions:

1) How has the structure and function of aquatic areas of rural settlements changed due to
the historical development from the 19th century to the present day?

2) Are these changes dependent on the location of the rural settlements in the settlement system?

3) What are the potential consequences of changes to surface water for water consumption?

2. Theoretical background
2.1 The historical significance of water bodies in rural communities

The connection between human settlements and water resources can be traced throughout
history. The first lakes that originated in the Czech Republic were closely connected with human
settlements and served as water reservoirs for various purposes (Susta, Mokry 1931). In addition
to the traditional functions of retention or fish breeding water bodies in rural settlements also
served an important function of fire fighting, energy (water mills and metal work), and in farming
where water bodies served as a source of water for livestock and water fowl. In the summer water
from ponds irrigated meadows. In winters ice harvested from water bodies was used in
restaurants, butchers or for medical purposes (Frajer 2015). The water tank feature in the built-
up parts of villages remains controversial since these reservoirs are often polluted by sewage

147/229



water meaning they can spread various diseases, as demonstrated by recent studies from
developing countries (Mukherjee et al. 2011). Historical sources show that people understood
and used any concentration of surface water in the countryside. Muir (2004) states that it is often
difficult to distinguish between water bodies created by people and nature. Apart from meres,
flashes and kettle holes, Muir also distinguishes between dew ponds, mill ponds, ponds hammer,
armed ponds and fishpond depending on the water bodies' use. The fine resolution of individual
water bodies in rural communities and the surrounding countryside is also found in Josef register
from 1789, when the next to "ponds" (breeding, mill, etc.), it also referred to "small ponds" (mostly
village ponds with fireproof function and waterholes for cattle located in the middle of the village),
"puddles” and "water storage" which were apparently concentrations of water in ground
depressions (Frajer 2013). This primitive method of trapping water in depressions is found in
settlements with a lack of other water resources (Jihlavec 1978). Modernization processes in
society during the 19th century is also reflected in the change of use and extent of surface water
in the countryside (HavliCek et al. 2014), and also in villages (Frajer 2015).

2.2 Changes of water bodies as part of the transformation of rural areas

Village ponds belong to the traditional image of our villages as one of the visual elements of
the square. However presently the village center pond, if it still exists, is already losing its
functional and esthetic importance. Many of these water bodies suffer from a lack of care or have
been converted into technical tanks for fire protection. In research on current representations ideal
rural life (Pospéch et al. 2015) water bodies were not significantly part of village identity. In
the second half of the twentieth century public pools became an important aspect of social life.
Their importance in some villages is still preserved especially if the pool is cared for by the village
or sports clubs. In rare cases we can see public swimming pools directly in place of the village
ponds, a trend which is related to the changing function of the village square in general.

Changes in the use of the gardens in the countryside is also related to the change in lifestyle that
approximates life in the city. There are decreasing demands on agricultural land use around
the house as a place for poultry, agricultural machines, stored manure, and gardens where people
grow their own vegetables or hay. People prefer private space around the house as a place of
rest and recreation, their work activities are geared to the cultivation of ornamental gardens.

This significant transformation occurs gradually with the changing sociological structure of rural
settlements. Changing personal preferences, careers, and increase of recreational activities have
an impact on the transformation of rural houses and on changes in function and appearance of
the surrounding land. Similarly to Poland, in the Czech Republic such changes are due to
significant socio-economic transformation of rural areas during the post-socialist period (Banski
& Wesotowska 2010).

Recreational gardens were already being established by cottage owners and vacationers in
villages during the socialist period. Gradually this transformation also occurs in residential areas
of villages. Generational change and the reduction of the proportion of people who are employed
in agriculture is one of the factors. In her analysis of rural areas in the municipality Renée (District
Pilsen-South) Loudova (2012) found the new land uses associated with the new rural lifestyle are
more common in central villages while smaller peripheral settlements mostly retain their original
agricultural land uses.

The intensity of migration to rural settlements depends on their location in relation to urban
agglomerations. We can observe different changes — from intense transformation of the function
of settlements in the village landscape due to suburbanization (Sykora & Mulicek 2012;
Oufednicek et al. 2013) to the weak effect of counter-urbanization (Pallarés-Blanch et al. 2014;
Simon 2014) or amenity migration (Kopp et al. 2009; Bartos et al. 2011). Specific functional areas
on the outskirts of cities are gardening communities that are in the new millennium transforming
into private recreation areas with the increase in cottages, gardens and swimming pools (Spilkova
& Vagner 2016). The recreational use of gardens, their landscaping and especially the size and
quality of swimming pools depend on the socio-demographic characteristics of owners
(Smallbone et al. 2011; Syme et al. 2004). Consequently the economic status of families affect
the amount of water consumed for the garden and pool (Chang et al. 2010; Domene et al. 2015).
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We expect that the proportion of gardens used for recreational and decorative purposes will
decline as we move away from suburban low-density residential areas on the edges of cities, and
onward to the more distant rural settlements on the periphery of agglomeration (Domene et al.
2005; Radford & James 2013). In villages far from urban agglomerations the share of recreational
gardens will depend on the proportion of holiday homes.

2.3 Pools as a new phenomenon in rural settlements

The Czech Republic is among the countries where garden pools are very popular. According to
the European Union of Swimming Pool and Spa Associations, the Czech Republic ranks third in
Europe behind Spain and France, and ahead of Slovakia, Hungary and even Germany, in
the number of pools per 1000 inhabitants. The current number of pools in the Czech Republic
(again excluding portable rubber pools) reaches over 200 000 (Bach 2014; Vachal 2016). If we
included the portable rubber pools the number could, in our estimate based on partial statistics of
sales, amount to 300 000 to 350 000 pools. While in the 1990s the purchase of a pool was a sign
of luxury, during the last decade the situation has changed. The swimming pool has become
a part of our gardens; the economic status of the owner is reflected in the quality of pool
equipment. The number of swimming pools installed has begun to grow faster (Bach 2014; Vachal
2016). Several factors contribute to this new trend: (a) swimming pools are cheaper due to
the growth of production efficiency and increasing competition, (b) decreasing holidays by the sea
in the wake of the economic crisis, (c) increasing summer heat (e.g. 2015).

Pools are a new phenomenon, which is part of the overall transformation of rural gardens in other
areas of Europe, especially in the Mediterranean. Extension of new types of gardens and pools
are addressed in detail in the study of the metropolitan region of Barcelona (Domene et al. 2005;
Domene 2014), which identifies new growth of “Anglo” type gardens at the expense of traditional
Mediterranean gardens in this region of Catalonia. Geographical distribution of the new
recreational gardens and pools is dependent on household income: in the richer parts of
the region (narrow suburban zone) the transformation is intense with higher demand for water.
Remote and economically poorer peripheral parts of the metropolitan region maintain more
traditional gardens with lower water needs (Domene et al. 2005; Vidal et al. 2011; Domene 2014).

In the metropolitan region of Rome Zambon et al. (2015) found a heterogeneous structure of
expansion of the new types of residential areas with swimming pools. The authors use the higher
density of pools in the settlements as an indicator of suburbanization and the transformation of
the traditional settlement system, which results in the expulsion of endemic landscape elements
(Zambon et al. 2015). The density of pools on the Mediterranean coast is affected not only by
climate but also by tourism establishments, and is therefore not comparable to those of Central
Europe.

Another interesting debate is whether the installation of private pools substitutes for the lack of
public pools. A study in semiarid Tucson found there is a relationship between the need for water
for private gardens and pools and the lack of public space with similar functions (Halper et al.
2015). The results can be interpreted as a planning goal to lower the city's water consumption by
increasing public swimming pools and spaces like gardens (Halper et al. 2015). In the Czech rural
environment this is relevant to the existence and quality of public swimming pools whose level of
care is uneven across communities. While various local governments using public funding
bolstered by EU subsidy programs created many modern public swimming areas, sometimes
near natural water bodies, at the same time many public swimming pools disappeared or have
been demoted to the fire tanks with doubtful possibilities for swimming. Water bodies continue to
be in high demand because they fulfill an important visual aesthetic role in urban areas. In general
water bodies in private gardens and public parks are an important aesthetic element that is
irreplaceable with artificial glass or mirror substitutes (Nasar & Li 2004).

2.4 Effect of water bodies on water management

The development of new recreational areas, such as golf courses and swimming pools, in
the landscape along the Mediterranean coast is viewed not only as landscape change but also
as a factor influencing the increase in demand for water in regions stressed by climate change.

149/229



Automated identification of pools from satellite images have been developed to determine
the impact of pools on water consumption (Wolf & Hof 2013). Based on this method it was
concluded that along the Spanish Mediterranean coast the significant extension of gardens and
pools have increased water consumption. In some areas depending on climate conditions and
evapotranspiration the water consumption exceeds the average for irrigation of fields in Spain
(Hof & Wolf 2014). Pools contribute 8—15% of this water consumption. Another issue is the energy
consumption in the operation of pools, especially when heated water is used (Mousia & Dimoudi
2015).

A comparison of selected US cities revealed significant geographic differences in
the development of water bodies (garden ponds, fountains, pools) in the gardens of new
residential houses. The predominant trend is the increase of garden water features. However,
when analyzing household consumption water, the water for pools was calculated apart from
landscaping water use, even if both uses are often seasonal in nature (DeOreo 2011).

An important part of the water needs in areas of residential development depends on climate.
The water demand for irrigation varies in close connection with daytime air temperature.
Lanscape watering can be done with water that is used for regular exchanges in the pool. Great
attention to this issue is paid in areas with hot summers, where water consumption for landscaping
approaches 50% of total household consumption (Salvador et al. 2011). In regions with significant
impacts of climate change, limits on pumping water for landscaping irrigation are being introduced
already. An Australian study shows a greater impact of such limits on water consumption in public
parks than on irrigation of private gardens (MacDonald et al. 2010).

Water demand for pools is dependent on water purification technologies most of which
recommend the replacement water for hygienic reasons at the rate of 30 liters per pool user per
day. On days with high temperatures we must also reckon with the influence of water loss by
evaporation. Evaporation of pool water affects the microclimate in the immediate vicinity of
the pool, and in theory the mesoclimatic range, and is related to the rate of water replenishment
in swimming pools. The influence of surface water resources and landscape irrigation on
mesoclimatic conditions known as the urban heat island is well documented (Guhathakurta
& Gober 2010). In rural settlements that have less surface water their effect is only microclimatic.

In terms of climatology pools are a specific environment of water surfaces defined by shape,
surface albedo, and possibly by artificial turf on the deck. Therefore their evaporation rates cannot
be based directly on the common values of water evaporation. Shah (2012) models
the evaporation of the pools on the basis of heat balance of water and air, taking into account its
relative humidity. Attention is devoted to deriving the dependence of evaporation from the pool to
the actual weather conditions on the basis of empirical measurements (Asdrubali 2009).
The results could be useful once verified for use in Central European climate conditions.

3. Methodology

The assessment of the development of water bodies in rural settlements was made by analyzing
developments in their structure in selected small settlements in the Pilsen Region. To capture
the influence of their location within the urban system, we chose 15 places from four categories
depending on their distance to the core of the Pilsen agglomeration (Tab. 1, Fig. 1). We chose
seven settlements that are affected by residential suburbanization, three of which are strongly
affected by the increase in houses and people (zone 1). Of these Koterov and Malesice are
currently administratively part of the city of Pilsen. In the next four selected settlements (zone 2)
the manifested suburbanization processes are more modestly (OufedniCek 2012; Kopp et al.
2013). The more distant settlements were selected evenly from areas north and south of Pilsen
in the rural parts of the region. Selected rural settlements are distinguished by their position in
rural areas: four are closer to Pilsen (zone 3) and four more distant (zone 4). Zone 4 settlements
are located in the border areas of the region, beyond the influence of other urban areas and can
therefore be classified as peripheral. Development of the population in selected settlements is
documented in figure 2, with categories relevant to an analysis of water bodies.
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[] Pilsen Region
[ displayed territory

Net migration rate @ investigated settlements
2001 - 2015 1 Koterov 6 Stahlavice 11 Homni Béla
[ ]-341,9-0,0 % 2 Malesice 7 PfiSov 12 Chynin
3 Bdenéves 8 Milinov 13 Cizkov
[ 0,1-100,0 % 4 Robgice 9 Stitov 14 Mezi
[ 100,1 - 1266,2 %o 5 Smédcice 10 Mrtnik 15 Zhofec

30 km
L J

Fig 1. Geographical location of studied settlements. Source: own processing by Czech Statistical Office
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Tab 1. Categorization of studied settlements and population development. Source: own processing by OurfedniCek
2012; Kopp et al. 2013; CSU 2015a

Year
Settlements category Settlement
1869 1961 2013
Koterov 371 585 713
Zone 1 —inner suburban area Malesice 502 432 712
Bdenéves 420 441 626
Robdice 179 168 180
. Smeédcice 237 260 266
Zone 2 — outside suburban area — -
Stahlavice 437 450 492
PriSov 216 286 301
Milinov 418 300 181
Stitov 194 91 102
Zone 3 —rural area -
Mrtnik 288 345 331
Honi Béla 674 429 295
Chynin 204 107 41
. Cizkov 551 250 134
Zone 4 — periphery rural area -
Mezi 135 68 56
Zhorec 129 87 57

800

H1869 mW1961 m2013

700

600

500

400

Population

300

200

100

‘ Zonel Zone 2 | Zone 3 | Zone 4 ‘

Fig 2. Development of the population of studied settlements. Source: own processing by CSU 2015a

The sources of information on water bodies are: Imperial Imprints of the Stable Cadastre maps
at a scale of 1: 2880 from 1838-1839 and military topographic maps in the S-1952 system (1957—
1963) in the scale 1:10 000, both from archival files of the Central Archive of Land Surveying and
Mapping. Current status of water bodies has been identified on aerial photos (CUZK 2016a;
Seznam.cz 2016), images dated from May to July (2013-2015).
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Raster historical resources were georeferenced, then the current water bodies were classified
and digitized using ArcGIS Desktop 10.3. The digitization of portable rubber pools was also done
even though their identification was sometimes difficult (Fig. 3). We are aware that the number of
portable pools can vary during the season. In all of the settlements we performed analyses of
the availability and status of public pools with our students during the course of their field work
exercises in April 2016.

garden pond portable rubber pools

Fig 3. Same area on the ortophoto maps from different months of the same year (A — May, B — June/July). We counted
on maximum number of water bodies (B). Source: A) CUZK (2016a), B) Mapy.cz (Seznam.cz 2016)

The area of interest within settlements is the largely built-up parts of the settlement. We included
gardens, roads, private and public green areas, water streams, and surface water in the built-up
areas and their adjacent areas forming a compact unit. The boundaries between built-up and
outside landscape areas were plotted in GIS based on current cadastral maps and aerial photos
joined to form an outer perimeter of built-up and adjacent areas. Contents of the built-up areas
form the elements of the polygons. The number of houses in each urbanized settlement is found
by summing address points (places) from the register of territorial identification, addresses and
real estate (RUINAN), shown in the urban settlements. This address space RUINAN we received
in exchange format from the CUZK Geoportal (CUZK 2016b).

For each time period we determined and subsequently compared the indicators of
the representation of water surfaces in urban settlements: the number of water areas, the sum
total of water area, the relative proportion of water area to built-up area of settlements. For
the evaluation of the current status of water bodies in settlements that had a high number of
garden pools, we tested other relative indicators: number of pools per 100 people in
the settlement, and a number of pools per 100 houses (including recreational facilities).

The influence of water bodies on settlement water supply was analyzed using a general
assessment of changes in evaporation and by taking into account the water needs for
the operation of swimming pools. This study does not address the actual evaporation, but uses
reference values of evaporation from climatological stations in the country. For example we can
use evaporation data (standardized time series 1971-2000) for our area of interest from
the closest station in Cheb (Fig. 4). The data show a deficit of water in the summer because of
the difference between evaporation and precipitation. If we take the average values in the area
of interest (Tolasz 2007) we may have a deficit of water of up to 200 mm in the aggregate over
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the course of a dry summer (April to September). Using water surface evaporation of course
neglects the influence of water body area and microclimate conditions.

Projected 21 century climatic trends in the Czech Republic show increasing of the potential
evapotranspiration and decreasing of the precipitation in the summer months. Annual potential
evapotranspiration increases, according to scenarios between the period 1961-1990 and 2010-
2039 by 6% (Kohut et al. 2011), most grows in November, April and June (Vinas 2015).

Tab 2. The approximate impact of climatic conditions on the hydrological balance of water bodies in the area of interest
(averages standardized time series 1971-2000). Source: own processing by Tolasz (2007)

Water balance element Year April — September

Average total precipitation Hs (mm) 500 — 600 300 — 400

Average total evaporation He (mm) 575 - 625 475 - 525

Average total reference evapotranspiration (mm)| 575 — 625 450 — 500

Average total water balance Hs — He (mm) -125 — (+25) -225 — (-75)
120

100 A
— N

80 \
60 ]
40 - S
20 A
0
May June July August September

EmAverage Monthly Total Precipitation [JAverage Monthly Total Evaporation

= Monthly Minimum Total Evaporation = Monthly Maximum Total Evaporation

Fig 4. Average monthly total precipitation and water surface evaporation in vegetation season (standardized time series
1971 - 2000) at Cheb climatology station. Source: own processing by Kohut et al. (2013) and Czech
Hydrometeorological Institute

4. Results and Discussion

Statistics on water bodies in the selected settlements show that there is no significant change
between the first reference period (1838-1839) and the second period (1957—-1963). However,
the third period (2013—2015) is characterized by the emergence of a large number of small water
bodies on private land. We can demonstrate an increase of garden modernization, the installment
of pools, ornamental ponds in the gardens, recreational, and decorative features (Fig. 5, Fig. 6).
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5,0
X m1838-1939 m1957-1963 M 2013-2015
w45
8
@
e 40
g
£ 35
vl
S
° 30
g
(1)
S 25
7
£ 20
>
0
o 15
[
o]
£ 10 l
S
: I
< 0,5
=
0,0
A% P P e (@ L & P s e A
© & Y @V N Y & & ar LS
e & B O AW 4 & A W 8
FFF T TS TS ST AS
@ A

Fig 6. Development of relative proportion of water area to built-up area of settlements (%). Source: own processing

In some settlements we noted an increase in water areas beyond private gardens. Various public
water areas (fire reservoirs, ponds) used mostly for fish farming, or retaining runoff from larger
rainfall events (Tab. 3, Tab. 4). During winters these water bodies serve as ice rinks for locals.
However, most of these water bodies cannot be used for bathing. Our fieldwork revealed that only
three settlements have functional public swimming pools. It would be interesting to see whether
expanding public swimming facilities would limit the number of private pools, as was suggested
by some studies from different geographic environments (Halper et al. 2015).

The examples from the settlements in our study cannot confirm this relationship. We believe that
the trend toward private recreation areas is related to changes in lifestyles and
the individualization of leisure activities in both suburban and rural areas. There is a correlation
between number of water bodies and the prevalence of recreational houses in rural settlements.
The periphery of the Pilsen Region has a high proportion of holiday homes especially in South
Brdy. For example, Chynin has a larger proportion of holiday homes (54%) than permanently
occupied residences, which significantly increases the number of private recreational water
bodies counted per 100 inhabitants.
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Tab 3. Typology and statistics of current water bodies out of gardens (2015). Source: own processing

Area (m?)
Type |Function Biotope types Total
yp e typ number | Maximum | Minimum | Average
eutrophic and
F fish ponds mesotrophic waters 17 9568 71 1625
W water reservoirs | mesotrophic waters 14 2037 21 484
public swimming | oligotrophic and
S pools mesotrophic waters 3 1305 358 801
35
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Fig 7. Number of swimming pools per 100 family houses. Source: own processing

We found a relatively higher share of private swimming pools (or even garden ponds) in
the gardens of settlements in the suburban area of the city of Pilsen, particularly in Malesice,
Robcice and Smédcice (Fig. 7, Fig. 8, Fig. 9, Tab. 4). The difference between the number of pools
in different settlements is related to the proportion of newly built houses there. Its assumed that
home owners in these places have sufficient financial resources to purchase recreational
facilities. Although there are relatively fewer pools in rural settlements the difference compared to
suburban settlements is not pronounced due to a change in lifestyle in rural areas and the change
in functions of some villages to recreational areas. To confirm the relationships between influence
of socio-economic characteristics of households, the location settlements in the agglomeration
and the expansion of private pools found in other studies (Domene 2014, Zambon et al. 2015) we
would need more detailed field research and more detailed data about local inhabitants.

The proportion of private water bodies (by covered and uncovered pools and garden ponds) in
the total area of water bodies of rural settlements in most cases is less than 20%, in the suburban
settlements up to 100% (Fig. 8). Peripheral settlements have a below-average share of these
water bodies. Conversely suburban areas have a larger share, and also a lower area of public
water bodies. Although the share of private water bodies is relatively small given the size of
the settlement area, their increased importance in the suburban zone is more evident than in
distant rural communities (Fig. 9). In some settlements there is a notable prevalence of garden
ponds, which have a more positive ecological impact, over pools (Goddard et al. 2010).
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Tab 4. Water bodies in current settlements (2015). Type: F — fish pond, W — water reservoir, S — public swimming pool.
Source: own processing
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Koterov 7 49 0 165 646 0 0 0
Malesice 21 45 4 478 736 45 1(S) 741
Bdenéves 6 18 2 104 274 36 0 0
Robdice 5 20 3 102 274 317 3(FSW) 5,629
Smédcice 12 18 2 287 234 196 | 4(FFWW) 3,161
Stahlavice 5 43 1 102 538 26 1W)| 381
PriSov 8 19 7 220 350 252 3(FWS) 3,337
Milinov 3 18 0 56 224 0 3(FFW) 2,702
Stitov 0 15 2 0 154 83| 3(FWW) 1,686
Mrtnik 5 23 2 95 325 62 | 3(FWW) 1,436
Horni Béla 2 12 3 39 149 55 3(FFF) 1,668
Chynin 1 6 3 11 48 64 2(FW) | 3,468
Cizkov 2 4 1 22 64 120 | 4(FFFW) | 11,091
Mezi 0 3 0 0 61 0 1(F) 1,310
Zhotec 0 3 0 0 25 0| 3(FWW) 545

When we calculate the influence of the installation of pools on evaporation, it is important to
consider that evaporation is also present in gardens without pools. Here we consider the so-called
reference evapotranspiration value (close to the values of water surface evaporation) multiplied
by the crop coefficient. This coefficient is 0.70—0.85 for lawns for example (Allen et al. 1998;
Duffkova 2003). After the introduction of surface water on instead of lawns evaporation will
increase by 15—-30%, therefore we can expect an increase in evaporation by 30—60 mm in
the aggregate area of interest during the summer season. If we translate this to the need to refill
pool water, this value would be 30—60 | /m? of water surface during the April to September time
period.

The largest areas for uncovered pools has been detected in Malesice (736 m?). If we estimate
the difference between evaporation from water surfaces and precipitation to be 200 mm for
the summer season (Tolasz 2007; Kohut et al. 2013), only the uncovered pools in Malesice
contribute a loss of 147 m3 of water. The change of land use from the grassy areas to pool
contributes between 22—44 m?3. Considering the average consumption of one inhabitant (about
100 | /day) the water loss due to evaporation from pools is equivalent to water consumption of
about eight people during the summer season. Therefore the water exchange technology (at
the hygienic level of 30 | /day per person) is decisive in lowering the impact of pools on water
supply (SPASA 2011). In practice, this exchange technology combines cleaning pool filters while
supplementing the water deficiency resulting from evaporation. However water loss to
evaporation on the level of water consumption for pools is relatively small in Czech climatic
conditions. More importantly garden water features (pools or ponds) partly contribute to positive
thermoregulation of settlements areas (Guhathakurta & Gober 2010).
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5. Conclusion

The study of selected settlements in the Pilsen Region confirmed that the new phenomenon of
their water surfaces are private pools and ponds in private gardens. This phenomenon is present
in both city and suburban areas, as well as in rural areas. In the countryside, there are fewer
private pools but they still make up a large water surface to be reckoned with in terms of water
management. Enhancing gardens with pools and ponds is dependent on the intensity of new
construction in villages, with the gradual transformation of rural gardens from production to
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a recreational and ornamental function, as well as with the extension of the recreational function
of real estate in the country. Statistical relationships of the factors mentioned above would need
to be confirmed by a broader territorial. In our research we identified a relatively significant percent
of area devoted to garden ponds, which do far more to strengthen the ecological functions of
urban settlements than swimming pools. Based on our field work we identified the declining
importance of public water bodies in some settlements. It should be considered whether increased
care of small public water bodies would increase their aesthetic, recreational, and community
significance.

The impact of pools on water consumption, which we expressed only on the basis of the deficit
generated by evaporation, therefore the difference between precipitation and evaporation is
needed. Real influence of pools on water consumption will depend on the individual exchange
technology of water in swimming pools. An important factor is filling the pool before the season
starts. This can overload the capacity of the local water supply forcing water companies to fill
tanks with ordered water (Stfedoeské vodarny 2015). For a more detailed assessment we would
have to investigate swimming pool operations, including the assessment of individual water
consumption in households in relation to water resources. In communities that are affected by dry
season water shortages it is advisable to promote water saving technology such as “water neutral
pools”, which focus on reducing the need for water and energy use for swimming pools
maintenance and lower the use of pool chemicals. Reducing water use can also be done by
covering the pool to lower evaporation, increasing recycling in the water filtration system, use of
rainwater, and use swimming pool water for other household functions (SPASA 2011).
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