
INTRODUCTION

An effective planning and control of the water 
supply systems operation, as well as facilities for 
sewage discharge and disposal are possible owing 
to the knowledge about an actual water demand. 
Therefore, as some papers show [Pawełek et al. 
2015, Bergel et al. 2016a, 2016b, Bergel 2017], 
the investigations aimed at updating the informa-
tion about the water consumption are particularly 
important for water supply and sewage infrastruc-
ture entities; this knowledge is mainly used for 
practical purposes.

The variety of water using purposes in rural 
households can be classified into two groups: 
household purposes (indoor water use) and addi-
tional purposes, for which, water is mainly used 

irreversibly, i.e. “spent water” is not discharged 
to the sewerage system [Bergel et al. 2016a, 
Bergel 2017]. It is known, because it was tested 
many times that the amount of water demand in 
rural households varies both in the annual (sea-
sonal) [Bugajski and Kaczor 2005, Pawełek and 
Kaczor 2006, Chmielowski et al. 2009, Bergel et 
al. 2017], as well as monthly [Bugajski and Ka-
czor 2005, Pawełek and Kaczor 2006, Bergel and 
Kaczor 2007, Bergel et al. 2016b, Ogiołda and 
Nowogoński 2018, Ogiołda et al. 2019], weekly 
[Bugajski and Kaczor 2005, Bergel and Kaczor 
2007, Bergel et al. 2016b, Ogiołda and Nowogoński 
2018, Ogiołda et al. 2019] and daily cycles [Ber-
gel and Kaczor 2007, Bergel et al. 2017, Ogiołda 
and Nowogoński 2018, Ogiołda et al. 2019]. Wa-
ter consumption, among others, depends on: the 
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ABSTRACT
The paper presents a research hypothesis assumed that the air temperature affects the amount of the water con-
sumption per capita for household purposes (indoor water use). Investigations were conducted based on daily 
water meter readings of several rural households located in Mszana Górna and Włostowice (Southern Poland). 
Owing to the double water consumption metering, it was possible to determine the daily water consumption in 
households, separately for household purposes and for additional purposes. In the performed analysis, the correla-
tion between the average daily air temperature and daily water consumption per capita was tested. For this purpose, 
correlation coefficients were determined and a 95% confidence interval was assumed. The obtained results showed 
lack of a clear dependence between the tested variables. Depending on the household, correlation coefficients indi-
cate the existence of a correlation from slight, by weak to moderate. In addition, it was tested that the growth of the 
air temperature by 1℃ caused an increase of the water consumption per capita in the range of 0.14 dm3·d-1·C-1·ºC-1 
and 1.17 dm3·d-1·C-1·ºC-1 (Mszana Górna) and 0.41 dm3·d-1·C-1·ºC-1 and 1.78 dm3·d-1·C-1·ºC-1 (Włostowice). It can 
be concluded that often rapid growth of the water consumption in households in spring and summer season and the 
term of “water consumption per capita” used in this case, primarily concern greater water demand for additional 
purposes, not for residents’ household purposes.
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household functions and features along with the 
outdoor activities, the age and the number of resi-
dents and their individual habits, residents earn-
ings, and thus, water use and sewage disposal fee 
as well as the degree of the households equipping 
with plumbing fixtures and appliances [Domene 
and Sauri 2006, Fan et al. 2013, Rathnayaka et al. 
2014, Hussien et al. 2016, Bergel et al. 2017, Bich-
Ngoc and Teller 2018, Ogiołda and Nowogoński 
2018]. Irregularity of water consumption on an 
annual basis should be considered in relation to 
the seasons; similarly to the monthly water con-
sumption irregularity, this is related to the impact 
of meteorological conditions on water intake. As 
the everyday experiences of tap water users show 
and many research studies confirm [Pawełek and 
Kaczor 2006, Bergel et al. 2017], both high tem-
peratures and precipitation deficits contribute to 
the water consumption growth in spring and sum-
mer season and in the months falling within this 
period. However, based on the research of Haque 
et al. [2015], stronger correlation between the air 
temperature and water consumption can be stated 
than between rainfall and water consumption. The 
increased water demand in this period is mainly 
related to the use of significant amounts of water 
for additional purposes, mainly for the vegetation 
irrigation. This is observed mainly in rural areas, 
where agricultural production is carried out in-
tensively in spring and summer; this necessitates 
provision of a proper amount of water. Moreover, 
in the second and third quarter of the year, sig-
nificant amounts of water are used irreversibly 
e.g. for washing vehicles and agricultural machin-
ery, keeping home yards clean or for recreational 
purposes, such as filling home swimming pools. 
Similarly, one may wonder whether the residents’ 
water consumption for household purposes (e.g. 
washing and bathing, drinking and meals prepar-
ing, keeping home clean or laundry) is correlated 
with the weather conditions changing over the 
year e.g. the air temperature. For example, Bugaj-
ski and Kaczor [2005] suggest that the observed 
growth of the water consumption in households in 
the summer may result from the increased water 
demand for additional purposes, as well as greater 
residents’ water needs for household purposes.

In this paper, a research hypothesis about 
the dependence of the water consumption for 
household purposes (indoor water use) on the 
air temperature was assumed. Therefore, some 
previous studies related to the household water 
consumption in term of the weather conditions 

were analysed. It should be stressed that it is dif-
ficult to compare directly, for example, the water 
consumption inthe countries located in a different 
climate zones or in the countries with a different 
availability of water resources. In addition, it is 
often difficult to determine unambiguously, what 
specific water consumption purposes are includ-
ed in the term of “water consumption per capita” 
used by the authors, i.e., is it only the indoor wa-
ter use for household purposes or does it also in-
clude the outdoor water use. The methodology of 
many research papers does not provide separate 
information about the water demand for house-
hold purposes and for additional purposes; that 
makes it difficult to obtain a clear answer to the 
above-mentioned question. Nevertheless, in the 
literature, some research results like these of the 
Akuoko-Asibey et al. [1993] can be found. On the 
basis of the Canadian city of Calgary, they proved 
that the water consumption growth with increa-
sing air temperature may be observed only above 
15ºC (i.e. during spring and summer period); 
below 15ºC, there was no correlation between 
the water consumption and the air temperature. 
Similar conclusions can be drawn based on the 
water consumption investigations carried out in 
other cities: Greater Melbourne (Australia) [Sark-
er et al. 2013], Montreal (Canada) [Rasifaghihi 
et al. 2020], Portland (Oregon, USA) [Chang et 
al. 2014] and Albuquerque (New Mexico, USA) 
[Gutzler and Nims 2005]. On the basis of the pa-
pers citied above, Dimkić [2020] has made an in-
teresting analysis. The author has determined the 
estimated water consumption growth in the cit-
ies with a temperature growth by 1ºC above the 
threshold temperature value (i.e. above 15ºC). As 
the results showed, the calculated water consump-
tion growth was less than 3% (Montreal), about 
4% (Calgary), a little over 5% (Portland) and 
nearly 7% (Albuquerque). In turn, based on the 
other research of Praskievicz and Chang [2009], 
the water consumption growth of less than 1% 
by the air temperature above 15ºC was recorded 
in Seoul (South Korea). Similarly, the investiga-
tions of Dimkić [2020] in two Serbian cities, Bel-
grade and Niš, have shown the water consump-
tion growth of less than 1%. In Poland, similar 
dependences may be observed. For instance, the 
investigations carried out on the example of the 
city of Wrocław indicated a very clear impact of 
the daily air temperature on the daily water intake 
in the summer months i.e. for the temperature of 
above 13÷15ºC [Hotloś 2013].
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Taking into consideration a current state of 
the knowledge on the impact of the air tempera-
ture on the water consumption for household pur-
poses (indoor water use) and lack of the clear re-
search reports in this research area, an attempt to 
investigate these dependences with respect to the 
water consumption in households located in rural 
areas was made in this paper.

CASE STUDY

The research was conducted on the basis of the 
water consumption data collected in rural house-
holds located in two villages in the Southern Po-
land: Mszana Górna (about 50 km to the south 
from Cracow) and Włostowice (about 50 km to the 
east from Cracow). In Mszana Górna, the inves-
tigations lasted for two years and six households 
inhabited by four to eight persons were tested. In 
Włostowice, the water consumption was measured 
over the one year period in four households inhab-
ited by three to six persons (Table 1).

All of the analysed rural households were 
characterised by the highest category of plumb-
ing fixtures equipping. During the investigation 
period, relevant households were supplied with 
water from the collective water supply system 

and they were connected to the collective sewer-
age system. Both Mszana Górna and Włostowice 
are typical agricultural villages, focused on plant 
cultivation and livestock farming. Therefore, as 
it can be expected, the water taken from the wa-
ter supply network then was used not only for 
residents’ household purposes, but also for ad-
ditional purposes related to the agricultural pro-
duction (i.e. animal husbandry, plants watering, 
agricultural vehicles and machines maintenance, 
farm yards cleaning or dilution of plants protec-
tion products). Therefore, in order to be able to 
control the water consumption for household 
purposes (indoor water use) and for additional 
purposes separately, two water meters were in-
stalled in the tested rural households. Using the 
main one (placed at the water service line), to-
tal water consumption in rural household was 
recorded. An additional water meter (placed 
outside the residential building), measured only 
water consumption for additional purposes. The 
difference between the both water meters read-
ings was the amount of the water consumption 
only for household purposes.

On the basis of the data summarised in Table 
1, it can be stated that the water needs in the test-
ed rural households varied significantly; for sure, 
it was due to their different characteristics and 

Table 1. Characteristics of the tested rural households
Localization 

Detail
Mszana Górna Włostowice

The number of tested 
households

6 
(M1, M2, M3, M4, M5, M6)

4  
(W1, W2, W3, W4)

The number of reside-
nts in each household between 4 and 8 between 3 and 6

Research period from January to December 
The length of the 
research period 24 months (year A and year B) 12 months (year B)

Average daily water 
consumption in rural 
households (dm3·d-1)

household year in 
total

household 
purposes

additional 
purposes household year in 

total
household 
purposes

additional 
purposes

M1
A 443.8 367.4 76.4

W1

B

266.2 230.8 35.4B 418.7 326.2 92.5

M2
A 485.5 406.4 79.1

B 484.1 395.2 88.9

W2 286.4 267.5 18.8
M3

A 517.9 431.2 86.7

B 529.3 398.9 130.4

M4
A 334.9 268.6 66.3

W3 405.0 287.2 117.8B 334.3 273.1 61.2

M5
A 597.3 500.8 96.5

B 541.1 455.3 85.8

W4 285.3 282.8 32.5
M6

A 516.2 261.9 254.4

B 525.3 254.7 270.7
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residents’ activities. In Mszana Górna, the water 
for additional purposes represented from about 
16% of total average daily water consumption 
(M5) to about 50% (M6). In Włostowice, these 
values ranged from less than 7% in rural house-
hold W2 to 29% in rural household W3.

METHODOLOGY

In order to analyse the dependence of the in-
door water use for household purposes and the air 
temperature, the daily water consumption mea-
surements data were used; for the rural households 

located in Mszana Górna, it was a two-year inves-
tigation period; for Włostowice, it was a one-year 
investigation period. Owing to the double metering 
of the water consumption in the tested rural house-
holds, it was possible to determine the amount of 
the water consumption for household purposes. In 
turn, the knowledge about the number of residents 
in each of the rural households made it possible to 
determine the daily water consumption for house-
hold purposes per capita.

The values of the average daily air tempera-
tures in the analysed investigation periods were 
obtained from the Institute of Meteorology and 
Water Management in Cracow; these came from 

Figure 1. The average daily water consumption per capita for household purposes in household 
M1, M2, M3, M4, M5 and M6 (Mszana Górna) in each month of the year A and year B
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the measurements carried out at the meteorologi-
cal stations located nearby subject villages; it was 
the Limanowa station for Mszana Górna and the 
Igołomia station for Włostowice.

The temperature measurements carried out 
at the Limanowa station showed that in year A, 
the coldest month was December with the av-
erage monthly temperature of –5.0ºC; in turn, 
the warmest month was July (average monthly 
temperature 19.3ºC). In year B, the coldest 
month was February (average monthly temper-
ature –5.6ºC) and the warmest month was Au-
gust (average monthly temperature 18.9ºC). In 
Włostowice, in the year B, similarly as in Msza-
na Górna, the lowest average monthly tempera-
ture of –5.6ºC was noted in February; the high-
est average monthly temperature (20.0ºC) in the 
year B was recorded in August.

The preliminary results analysis involved 
comparing the average daily water consumption 
per capita for household purposes for each month 
with the average daily air temperatures changing 
over time (Fig. 1). Next, a statistical analysis of 
the dependence of the average daily water con-
sumption per capita for household purposes and 
the average daily air temperature was conducted. 

For this purpose, assuming a 95% confidence in-
terval (significance level of α = 0.05), the values 
of correlation coefficients (r) were determined. 
The strength of the relationship between the 
tested variables was interpreted according to the 
Guilford classification [1965]: r = 0.0 – lack of 
the correlation, 0.0 < r ≤ 0.1 – slight correlation, 
0.1 < r ≤ 0.3 – weak correlation, 0. 3 < r ≤ 0.5 
– moderate correlation, 0.5 < r ≤ 0.7 – high cor-
relation, 0.7 < r ≤ 0.9 – very high correlation, 0.9 
< r < 1.0 – nearly complete correlation, r = 1.0 – 
complete correlation.

RESULTS AND DISCUSSION

As it can be seen in the Figure 1, 2, 3 and 4, 
the water consumption per capita for household 
purposes inthe tested households of Mszana Gór-
na and Włostowice was at different levels. Pol-
ish Regulation of the Minister of Infrastructure 
[2002] determines that the average water con-
sumption per capita in households with the high-
est standard of plumbing fixtures equipping and 
with the collective sewerage system connecting 
is about 100.0 dm3·C-1·d-1. Therefore, referring 

Figure 2. The average daily water consumption per capita for household purposes in 
household W1, W2, W3 and W4 (Włostowice) in each month of the year B
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Figure 3. The dependence of daily water consumption per capita for household purposes in household 
M1, M2, M3, M4, M5 and M6 (Mszana Górna) and the air temperature in year A and year B
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Figure 3 (Continued). The dependence of daily water consumption per capita for household purposes in 
household M1, M2, M3, M4, M5 and M6 (Mszana Górna) and the air temperature in year A and year B
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Figure 3 (Continued). The dependence of daily water consumption per capita for household purposes in 
household M1, M2, M3, M4, M5 and M6 (Mszana Górna) and the air temperature in year A and year B
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Figure 3 (Continued). The dependence of daily water consumption per capita for household purposes in 
household M1, M2, M3, M4, M5 and M6 (Mszana Górna) and the air temperature in year A and year B
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Figure 4. The dependence of daily water consumption per capita for household purposes in 
household W1, W2, W3 and W4 (Włostowice) and the air temperature in year B



299

Journal of Ecological Engineering 2021, 22(3), 289–302

Figure 4 (Continued). The dependence of daily water consumption per capita for household 
purposes in household W1, W2, W3 and W4 (Włostowice) and the air temperature in year B

to this value, in the analysed households, both 
smaller and significantly exceeded average daily 
water consumptions per capita were noted (Fig. 
3a,c,e, Fig. 4b,c,d). The water consumption per 
capita changing over time and lesser or greater 
water demand can be related to the typical for a 
given period of year residents’ activity. Because 
the summer months are warmer compared to oth-
ers and simultaneously, greater activity of rural 
residents focused on the work on the farms is ob-
served at that time, it can be assumed that in the 
tested households, more water was used in this 
period for washing, bathing or for laundry. The 
aim of the data set in the Figure 1 and Figure 2 
was the analysis of the annual water use changes 
for household purposes in relation to the average 
monthly air temperatures. Although the presented 
results not prove unambiguously that the air tem-
perature growth causes an increase of the water 
consumption per capita for household purposes, 
nevertheless, on the example of some house-
holds, e.g. M2 (Fig. 1b), M4 (Fig. 1d), M5 (Fig. 
1e), W2 (Fig. 2b) or W4 (Fig. 2d), one can notice 
the existence of a such dependence. In the warm-
est months of the year, i.e., from May to August, 
compared to the other months, greater daily water 
consumption per capita for household purposes 
can be observed. It should be emphasised that the 
amount of daily water consumption per capita de-
pends not only on the type of the household works 
carried out, but also on the other factors, such as 
the age and an individual habits of residents.

The determined statistical dependences be-
tween the average daily air temperature and the 
average daily water consumption per capita for 
household purposes in six tested households of 
Mszana Górna and in four households located in 
Włostowice (Fig. 3, Fig. 4, Table 2), in general, 
do not indicate the existence of a clear depen-
dence between the tested variables. The corre-
lation coefficients (r) for households in Mszana 
Górna ranged from 0.048 to 0.365; therefore, 
these indicate the existence of a slight correlation, 
through weak to moderate correlation in the case 
of several households. Statistically insignificant 
results, i.e. those for which p-values were greater 
than the assumed significance level of α = 0.05, 
refer to those households for which the correla-
tion between the air temperature and the water 
consumption was slight. In turn, for the tested 
households located in Włostowice, the correla-
tion coefficients (r) ranged from 0.115, through 
0.256 to 0.264; these values prove the existence 
of a weak and moderate correlation.

On the basis of the results of the statistical 
analysis it was possible to determine an expect-
ed growth of the water consumption per capita 
for household purposes along with an increase 
of the air temperature by 1ºC (Table 2). As it 
turns out, for the households located in Mszana 
Górna, the growth of the water consumption per 
capita in the range of 0.14 dm3·d-1·C-1·ºC-1 and 
1.17 dm3·d-1·C-1·ºC-1 may be observed. However, 
as the results obtained for Włostowice show, 
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with an increase of the air temperature by 1ºC, 
one can expect the growth of daily water con-
sumption per capita of about 0.4 dm3·d-1·C-1·ºC-1 
as the minimum to about 1.8 dm3·d-1·C-1·ºC-1.

The results presented above indicate that the 
residents’ daily water consumption for household 
purposes relates to the changes of the air tempera-
tures in varying degree. It can be concluded that 
the increased activity of rural inhabitants that is 
typical to the summer months, is associated with 
greater water needs and thus, with greater water 
consumption for household purposes. However, 
as it was mentioned before, the increased water 
use in the summer season may be also influenced 
by additional factors that are individual for a giv-
en household and its residents.

CONCLUSIONS

Many research papers related to the investiga-
tion of the impact of meteorological conditions 
on water consumption confirm that the growth of 
the air temperature causes an increase of the wa-
ter consumption by the water supply systems us-
ers. The existence of a strong correlation between 
these variables can be observed in rural house-
holds, especially in the spring and summer sea-
sons; this is the result of using significant amounts 
of water for additional purposes, e.g. for animal 
husbandry, watering of home gardens and crops, 
washing vehicles or for recreational purposes. 

This paper, in turn, presents a research hypothesis 
about the dependence of the water consumption 
only for household purposes (indoor water use) 
on the air temperature. This results from the as-
sumption that the increased activity of rural in-
habitants related to work in rural households in 
the spring and summer months (and at the same 
time, in the period of higher temperatures), causes 
the use of larger amounts of water, e.g. for drink-
ing, washing, bathing or for laundry.

The results of the research conducted in sev-
eral households of Mszana Górna and Włostowice 
did not indicate any strong correlation between 
the air temperature and daily water consumption 
per capita for household purposes. Although in the 
case of some of the tested households, increased 
daily water consumption per capita was observed 
in the warmest months of the year (from May to 
August), statistical analysis on dependence of 
daily water consumption per capita for house-
hold purposes and daily air temperature indicated 
slight to moderate correlation (Mszana Górna) 
and weak to moderate correlation (Włostowice). 
An attempt to determine the growth of daily wa-
ter consumption along with an increase of the 
air temperature by 1ºC showed that the maxi-
mum growth of water consumption of about 1.2 
dm3·d-1·C-1·ºC-1 and about 1.8 dm3·d-1·C-1·ºC-1 

can be expected for some households of Mszana 
Górna and Włostowice, respectively. It can be 
concluded that the increase of the air tempera-
ture may affect the amount of the water used 

Table 2. The results of the statistical analysis on dependence of the average daily water consumption per capita 
for household purposes in the households of Mszana Górna and Włostowice and the average daily air temperature

Mszana Górna Włostowice

Household Year
Correlation 
coefficient

r
p-value

Growth of
the water 

consumption  
(dm3·d-1·C-1·ºC-1)

Household Year
Correlation 
coefficient

r
p-value

Growth of
the water 

consumption  
(dm3·d-1·C-1·ºC-1)

M1
A 0.049 0.351 0.30

W1

B

0.115 0.028 0.41B 0.082 0.120 0.43

M2
A 0.365 0.000 0.54

B 0.360 0.000 0.61

W2 0.256 0.000 1.77
M3

A 0.048 0.364 0.30

B 0.074 0.161 0.35

M4
A 0.168 0.001 0.39

W3 0.115 0.029 0.56B 0.201 0.000 0.39

M5
A 0.232 0.000 1.17

B 0.112 0.033 0.40

W4 0.264 0.000 1.78
M6

A 0.319 0.000 0.68

B 0.081 0.123 0.14
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for residents’ household purposes only to some 
degree; this is because the amount of water used 
by the household’s residents is strongly sup-
ported by the other factors, such as households’ 
features and functions, residents’ age and their 
individual habits.

Although the results obtained in this paper do 
not prompt unambiguously to entirely reject the 
assumed hypothesis, it should be always empha-
sised that a rapid growth of the water consump-
tion observed in rural households in the spring 
and summer season is primarily the consequence 
of increased water demand for additional purpos-
es. Therefore, the term of “water consumption per 
capita” that is used very often should be clarified; 
i.e., it should be clearly emphasised what water 
use purposes in detail are considered then: wheth-
er only for residents’ household purposes (indoor 
water use) or these mentioned above along with 
additional purposes.
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