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Abstract. The work analyses and evaluates the results of research work carried out so far in the 
fi eld of rainwater management  in urban areas  in Poland. Using the “biblioshiny” tool, a bibliometric 
analysis was carried out based on queries to the Scopus and Web of Science databases. As a result, 
information  was  obtained  on  selected  bibliometric  statistics  of  scientifi c  publications  in  which  the 
topic  of  rainwater  in  Poland was  taken up.  The probable direction of  further  research development 
in  the  fi eld  of  the  analysed  issues was  also  determined.  In  addition,  after  a  detailed  review  of  all 
the  articles  obtained  at  the  earlier  stage  of  the  bibliometric  analysis,  the  main  research  contexts 
were indicated and discussed. Areas and issues requiring further analysis and supplementation were 
indicated  in  the work.
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Introduction

Th e intensive development of urban areas in the 
world, especially in the second half of the 19th

century, had socio-economic and environmental 
consequences. Th e most frequent and visible changes 
in the development of cities are transformations in 
land cover, land use and topography. Th ese factors 
also combine to represent the greatest determinant 
of another extremely important element that is 
essential for the functioning of man and the entire 
natural ecosystem. Th is element is of course water: 
the intensive development of urban areas causes 
locally signifi cant changes in its circulation. For 
this reason, the concept of Urban Water Cycles 
is becoming increasingly important (Mitchell et 
al. 2001; Amore et al. 2013). Th e concept relates 
to the hydrological cycle in urban areas that is 
transformed by multiple anthropogenic factors. As 
noted by Marsalek et al. (2008) Urban Water Cycles 

provide a good conceptual basis for studying the 
water balance of urban areas. Th e concept is also 
helpful in understanding the importance of water 
balance for the integrated management of urban 
water resources.

Water is essential to the functioning of every 
city. However, it is oft en also the source of many 
problems in urban areas. Th is applies especially to 
fl oods, which in urban areas may take on various 
forms and have various sources. In recent years, 
fl ash fl oods have become particularly important. 
Th eir occurrence is associated with short-term, 
intense precipitation in urban areas of highly 
sealed surfaces. Th e increase in frequency of fl ash 
fl oods seen in urban areas indicates the growing 
prevalence of this phenomenon. Th e other, converse 
phenomenon is droughts and water shortages in 
urban areas. Water scarcity is a growing problem 
in urban areas in many parts of the world.

Poland is one of the countries where the issue 
of precipitation waters has for many years been 
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marginalised by national and local authorities. 
Poland has some of the lowest water resources in 
Europe. They amount to 61.6 km3 (Gutry-Korycka 
et al. 2014). In addition, some forecasts indicate 
that, by 2030, the observed climate changes will 
have contributed to further unfavourable changes 
in water conditions in the country. This will 
happen despite almost no change in annual sums of 
precipitation. The reason will be the lengthening of 
drought periods, which are predicted to be followed 
by short-term heavy precipitation (Jarosińska 2016). 
This situation is particularly dangerous for urban 
areas, which are characterised by a large percentage 
of sealed surface area. In Poland, as in many other 
European Union (EU) countries, precipitation 
drains mainly through gravitational sewer systems 
(Dziopak 2018). This has the consequence of high 
peak flow rates in outflow channels and rapid rises 
in water levels in receiving bodies (Starzec et al. 
2020). In many cases, after extremely intense short-
term rainfall, the amounts of rainwater are too large 
for the drainage network to discharge. The result 
is local flooding and disturbances to transport 
systems. 

Poland’s approach to water resources manage-
ment changed when the country began applying for 
EU membership. In order to join the EU, Poland 
had to meet a number of requirements and intro-
duce many legislative changes. Of particular impor-
tance were issues related to implementing EU laws 
on environmental protection. One example is the 
Water Law Act adopted in 2001. This act treated 
rainwater and meltwater as sewage. It was only the 
adoption of the new Water Law Act in 2017 (Jour-
nal of Laws of 2017, item 1566), in which rainwa-
ter and meltwater ceased to be equated with sewage, 
that allowed for a change in the approach to this is-
sue.

As a result of these legislative changes and glob-
al research trends, there has also been a signifi-
cant increase in interest in research issues related 
to rainwater management in urban areas in Poland 
in recent years. So far, however, no synthetic con-
sideration of the conducted research and results has 
been carried out. The present work tries to fill this 
gap. The aim of the work is to analyse and evalu-
ate the results of research conducted to date in the 
field of rainwater management in urban areas in Po-
land. Addressing the following research questions 
was helpful in achieving this goal:

1.	 What are the bibliometric statistics of scientific 
publications on the topic of rainwater in Poland?

2.	 What are the predominant research contexts?
3.	 What is the likely direction for further research?

Materials and methods

The research questions were addressed and the 
objective achieved in several stages. In the first stage, 
the research tool was selected. The bibliometric 
method was chosen, which allowed for a quantitative 
and qualitative analysis.

The bibliometric analysis was performed based 
on queries to the Scopus and Web of Science 
databases. These inquiries took the following form:

1.	 for the Scopus database: (TITLE-ABS-
KEY (“rainwater management*” OR 
“rain water management*” OR “rain-
water management*” OR “stormwater 
management*” OR “storm water 
management*” OR “storm-water 
management*” )) OR (TITLE-ABS-KEY 
(“rainwater harvest*” OR “rain water 
harvest*” OR “rain-water harvest*” OR 
“stormwater harvest*” OR “storm water 
harvest*” OR “storm-water harvest*”)) AND 
(TITLE-ABS-KEY (poland OR polish)) 
AND (TITLE-ABS-KEY ( urban* OR city 
OR cities OR town* OR resident* OR hous* 
OR buil* OR “real estate*”)), for titles, key 
words and abstracts;

2.	 for the Web of Science database: 
(((TS=(“rainwater management*” OR  
“rain water management*” OR “rain-
water management*” OR “stormwater 
management*” OR “storm water 
management*” OR “storm-water 
management*” )) OR TS=(“rainwater 
harvest*”  OR “rain water harvest*” OR  
“rain-water harvest*”  OR “stormwater 
harvest*” OR  “storm water harvest*”  OR  
“storm-water harvest*”)) AND TS=((poland 
OR polish))) AND TS=(urban* OR  city OR 
cities OR  town*  OR  resident*  OR  hous*  
OR  buil* OR “real estate*”), for the category 
“topic”.
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The “topic” category in Web of Science includes 
searches for: title, abstract, author keywords, and 
Keywords Plus (Web of Science 2023).

The individual elements of the query to the 
databases included searching for all variants of the 
entry for the search items: “rainwater management” 
or “stormwater management”, for the area of 
Poland: “polish” or “Poland” and for entries related 
to urban areas, i.e. “urban”, “city”, “town”, “resident/
residential”, “hause/hausing”, “bulid/built/building” 
or “real estate”.

The inquiries were made in two stages. The first 
query was performed on February 12, 2023 and 
yielded 52 publications from the Scopus database 
and 42 from the Web of Science database. Then, the 
content of the found publications was reviewed in 
terms of compliance with the subject and objectives 
of the article. Ultimately, 47 publications from the 
Scopus database and 34 from the Web of Science 
database were accepted for further analysis. On 
February 20, 2023, the analysed databases were re-
queried and no new publications were added. On 
February 20, 2023, files with the *.bib extension 
were downloaded with results for the selected 47 
(Scopus) and 34 (Web of Science) publications.

The bibliometric analysis was performed using 
“biblioshiny” (Aria and Cuccurullo 2017), a web 
application for the “bibliometrix” package (Aria 
and Cuccurullo 2017) and RStudio software 
(Posit team 2022). RStudio is a development 
environment for the R language (R Core Team 
2022). In addition, the article uses Inkscape v.1.0.1 
and GIMP v.2.10.18.

The bibliometric analysis in the subject area 
covered basic statistics on: sources, authors, 

affiliations, citations of publications and author’s 
keywords. Authors’ affiliations were analysed in 
the traditional way (by reviewing each article) due 
to the questionable methodology implemented in 
the aforementioned bibliometric software. The 
methodology used in the programs counts all 
affiliations, regardless of whether they are in the 
same or different articles. So, for example, an article 
written by two people with the same affiliation is 
counted twice. For the author’s keywords, an author 
keyword co-occurrence analysis (for number of 
nodes: 50) and a “thematic map” analysis were also 
performed. Analysis of “thematic map” indicates: 
“motor themes”, “basic themes”, “niche themes” 
and “emerging or declining themes”. The choice of 
authors keywords instead of Keywords Plus was 
determined by the preliminary results obtained 
from “biblioshiny”. For 34% of publications (16 
articles) from the Scopus database there was no 
information about Keywords Plus. The analysis 
was performed taking into account all types 
of publications made available in the analysed 
databases and with no time limit (all available 
years were included). The bibliometric analysis 
allowed the first and third research questions to 
be answered.

The second research question was problematic 
to answer based on bibliometric analysis alone. 
This required that the research be extended to a 
subsequent stage. It consisted in detailed readings 
and qualitative analysis of all articles identified in 
the earlier bibliometric analysis stage. This allows 
the collected research papers to be grouped by 

Affiliation Publications
Rzeszow University of Technology 14
Wroclaw University of Science and Technology 7
Lodz University of Technology 7
Kielce University of Technology 6
Warsaw University of Life Sciences—SGGW 5
Gdansk University of Technology 4
Opole University of Technology 2
Bialystok University of Technology 2
Wrocław University of Environmental and Life Sciences 2

Table 1. Affiliations (for institutions accounting for more than 1 affiliated publication) 
within the analysed issue

Source: own evaluation
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research context. Some articles were ascribed to 
more than one research context.

Results

The issue of rainwater management was addressed 
almost exclusively by scientists of technical 
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Fig. 1. Basic author keyword statistics (for author keywords used more than once)
Explanations:  The percentages cited refer to the shares of author keywords for the “tree maps” range shown in the figure (i.e., for the set of 

author keywords used more than once).

universities. By far the most common affiliation 
by number of articles was Rzeszow University of 
Technology (Table 1). The following universities 
also boasted significant numbers of publications: 
Wroclaw University of Science and Technology, 
Lodz University of Technology and Kielce University 
of Technology. Non-technical universities accounted 
for very few publications each.

In both databases, the most frequently cited 
article is “Modelling of green roofs’ hydrologic 
performance using EPA’s SWMM” by E. Burszta-
Adamiak and M. Mrowiec (Table 2). The works of 
Stec and Słyś also have numerous citations. These 
scientists are the authors of the largest number of 
publications on the analysed research topics.
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The analysis of basic statistics on author keywords 
showed that authors usually use quite general 
phrases: “stormwater management”, “rainwater 
management”, “rainwater harvesting”. Next, attention 
should be paid to terms relating to the modelling of 
the stormwater runoff process (“SWMM”, “SWMM 
model”, “SBUH model”, “modelling”), as well as 
those emphasising that the area of analysis is the 
city (“urban catchment”, “urban drainage”, “urban 
hydrology”, “resilient cities”). The remaining author 
keywords are various types of variances related 
to, for example, solutions to stop or slow the 
runoff of rainwater (“green roof ”, “green roofs”, 
“green infrastructure”, “retention”, “water saving”), 
financial issues, and the profitability of investments 
in rainwater collection (“payback period”, “financial 
analysis”, “life cycle cost”).

Analysis of author keywords co-occurrence for 
the Web of Science database distinguished two 
clusters (Fig. 2). The author keyword “rainwater 
harvesting” constitutes the largest node and has a 
relationship with the author keyword “life cycle cost”. 
The second cluster is the relationship between the 
author keywords “urban catchment” and “SWMM 
model”. For the Scopus database, four clusters were 
distinguished: as in the case of the Web of Science 
database, a cluster was distinguished with a node 

representing the author keyword “urban catchment” 
that has a relationship not only with author keyword 
“SWMM model” but also with “SBUH model”. It 
should be noted that the node representing the 
author keyword “green infrastructure” is clustered 
with “stormwater management” node

In the “thematic map” analysis, nine clusters of 
topics were identified for the Scopus database and 
seven for the Web of Science database (Fig. 3 and 
Appendix 1). In Figure 3, each cluster is labelled 
with the selected keyword it represents. Appendix 1 
presents the complete composition of clusters. The 
differences in position between similar clusters (not 
with identical but similar composition of author 
keywords) should be pointed out – in particular, 
the clusters for “rainwater harvesting”, “ecosystem 
services” and “stormwater management” (Fig. 3). 
The “ecosystem services” and “rainwater” clusters 
were recognised to be “motor themes”. Within the 
Web of Science database, no cluster of topics has 
been identified to belong to “motor themes”. Only 
the “stormwater management” cluster lies on the 
border between “basic themes” and “motor themes” 
(Web of Science). Among the clusters identified in 
the Scopus database but not identified in the Web 
of Science database, the following clusters should be 
indicated: “nature-based solutions”, “modernization” 

Fig. 2. Author keyword co-occurrence network (for number of nodes: 50)
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Fig. 3. Results of the “thematic map” graph analysis
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and “resilient cities”. One of the clusters not identified 
in the Scopus database but identified in the Web of 
Science database is the “financial analysis” cluster 
(Appendix 1). These clusters were not classified as 
“motor themes”, nor as “basic themes” (Fig. 3).

The “thematic map” analysis allowed the third 
research question to be answered. According to 
the methodology, topics exhibiting high progress 
and the highest importance in the research field 
lie in the quadrant defined as “motor themes” 
(Cobo et al. 2012). “Motor theme” topics may 
indicate likely directions of future development in 
research. As already mentioned, only for the Scopus 
database were clusters (two: “rainwater”, “ecosystem 
services”) assigned to “motor themes”. Considering 
the author keywords within these two clusters, they 
can be interpreted as probable directions of future 
development in research. The “rainwater” cluster 
is interpreted as representing: modelling rainwater 
runoff from the urban catchment, with particular 
emphasis on the functioning of the combined 
sewerage system (i.e., stormwater overflow). The 
equivalent interpretation for the “ecosystem services” 
cluster is: analysis of the possibility of rainwater 
retention, with particular emphasis on green roofs. 
These two interpretations of clusters determine in 
detail the probable directions of future research 
development within the research issues.

A close familiarisation with all the publications 
included in the bibliometric analysis allowed 
them to be grouped according to the present 
research context. Eleven research contexts were 
distinguished. The research context most frequently 
adopted was analysis relating to technical solutions 
for rainwater management (14 articles). This context 
was very often combined with another research 
context relating to the analysis of economic aspects 
of rainwater management (10 articles). Similarly, 
the research context involving the hydrodynamic 
modelling of rainwater runoff in urban catchments 
was also frequently discussed (9 articles). Other 
research contexts in the analysed group of articles 
were approached much less frequently (2 to 5 
articles).

Discussion

The analysis indicated interesting regularities and 
areas for discussion. Rainwater management in 
urban areas in Poland has proven to be a very hot 
topic in recent times. The articles addressing this 
research topic were published in the last few years. 
Most articles were created in 2020 and 2022. The 
significant proliferation of articles in the last three 
years may indicate the growing importance of this 
research problem. The articles were published mainly 
in international journals with high bibliometric 
indices, which further evidences the international 
importance of the issue. It should be noted that, of 
the 52 articles included in the study, as many as 
19 have already been cited at least 10 times. This 
citation tally is quite high and confirms the dynamic 
development of research in the field of rainwater 
management in urban areas.

The assumption was that author keywords 
analysis would identify dominant research contexts. 
Unfortunately, the terms that authors used were 
too general to make this possible. Better results 
would probably be obtained using Keywords Plus. 
However, as already mentioned, for the analysed 
group of articles, this was not possible because 
Keywords Plus lacks information for 34% of the 
publications. Therefore, this work may be a good 
demonstration that bibliometric analysis based 
on publicly available databases is associated with 
certain difficulties. With a relatively small number 
of articles and incomplete bibliometric data, it seems 
that a traditional literature review and content 
analysis are needed. It should be emphasised that the 
quantitative (bibliometric analysis) and qualitative 
(content analysis) methods used complement each 
other. It is not always possible to use both methods 
fully. This possibility is mainly determined by the 
scope and size of the set of articles.

Extremely interesting results were obtained from 
the analysis of the author affiliations in the analysed 
articles. Almost all articles were written by scientists 
from technical universities. This is interesting, 
as the research subject has significant social and 
environmental dimensions. It also directly accounts 
for the research contexts that are addressed in the 
articles. As already indicated, most of the works 
concerned the analysis of technical solutions related 
to rainwater management. However, over the years, 
there have been changes in the solutions analysed 
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and proposed. Initially, the dominant approach 
involved the use of green infrastructure (mainly 
green roofs) (Burszta-Adamiak 2012; Burszta-
Adamiak and Mrowiec 2013). In subsequent studies, 
more attention was paid to the ecohydrology and 
restoration of watercourses (Wagner and Breil 2013; 
Zawilski et al. 2014) and the impact of land use and 
management of rainwater runoff drainage systems 
(Olechnowicz and Weinerowska-Bords 2014). An 
interesting aspect indicated by Żarnowiec et al. 
(2017) related to the drainage of rainwater from 
industrial areas through their evaporation from 
roof surfaces. The rapidly increasing number of 
spatially expansive facilities such as logistics centres, 
industrial plants and shopping centres in Poland in 
recent years indicates that this issue is very topical. 
The results of the cited authors clearly confirm 
the effectiveness of this solution. Żarnowiec et al. 
(2017) indicated that, in the seven-month research 
period, the amount of evaporation exceeded 1000 
mm (with average annual precipitation for Poland 
amounting to about 610 mm). In recent years, 
research has focused on identifying the best criteria 
for selecting rainwater management solutions 
(Kordana and Słyś 2020b), and on analysing and 
comparing (Boguniewicz-Zabłocka and Capodaglio 
2020; Godyń et al. 2020; Wojnowska-Heciak et al. 
2020; Sobieraj 2022) and evaluating them (Kordana-
Obuch and Starzec 2020). Of particular interest to 
urban decision-makers are the results of research 
by Kordana-Obuch and Starzec (2020). These 
authors have unequivocally indicated that the best 
way to manage rainwater is for it to infiltrate into 
the ground through ditches or infiltration tanks. 
Other solutions should be considered only when 
this method cannot be used. A slightly different 
approach was presented by Kasprzyk et al. (2022), 
who focused on the issue of rain gardens and their 
impact on ecosystem functions. They noted the 
effect of this solution in mitigating the effects of the 
“urban heat island” phenomenon.

The second most frequently discussed research 
context in the studied group of articles concerned 
economic aspects of rainwater collection. This aspect 
also exhibited a certain evolution of the research, 
in that the scope of analyses had expanded. In 
the first publications within this research context, 
the authors focused on analysing the financial 
efficiency of solutions that collected rainwater 
mainly for the sanitary purpose of toilet flushing 
(Słyś et al. 2015; Stec and Słyś 2017; Sakson 2018; 

Starowicz and Bryszewska-Mazurek 2019; Stec and 
Zeleňáková 2019). These works differ mainly in 
the type of facility studied, whether single-family 
house (Sakson 2018; Słyś et al. 2015), multi-family 
building (Starowicz and Bryszewska-Mazurek 
2019), student dormitory (Stec and Słyś 2017; Stec 
& Zeleňáková 2019) or housing estate (Godyń et 
al. 2020), and in location (which is important due 
to spatial variability in sums of precipitation) and 
in the details of the methodology used to calculate 
financial efficiency. More recent publications have 
focused on comparing the financial (and hydraulic) 
efficiency of several solutions for collecting and 
using rainwater (Boguniewicz-Zabłocka and 
Capodaglio 2020; Musz-Pomorska et al. 2020; Słyś 
and Stec 2020). Particularly interesting results were 
obtained by Musz-Pomorska et al. (2020), after 
analysing 13 designs of rainwater harvesting systems 
(RWH). They pointed to the limited profitability 
of the examined designs (RWH), emphasising the 
insufficiency of governmental financial support. 
The authors stressed that this could significantly 
impact the social sustainability of local projects. 
The latest article dealing with the analysed 
economic context of rainwater collection is the 
work of Bus and Szelągowska (2021). This article 
analyses the economic efficiency of intensive and 
extensive varieties of green roofs. In the study, the 
authors included the 11 largest urban communes 
in Poland, with populations of over 250,000. The 
work succeeds in showing the spatial diversity of 
rainwater harvesting opportunities. Some of the 
adopted assumptions may raise doubts, such as 
one on the area of green roofs, which in the paper 
equals 1% of the area of each commune.

Within the research context related to the 
economic aspects of rainwater collection, one 
subcategory was distinguished. This was of works 
that, in addition to economic analysis, also 
conducted analyses of the life cycle costs (LCC) 
of various solutions for the collection and use of 
rainwater. The conducted LCC analyses focused 
mainly on the analysis of rainwater collection for 
flushing toilets, washing and watering gardens (Słyś 
and Stec 2014; Stec and Słyś 2018; Stec and Mazur 
2019). Attention should be paid to the conclusions 
of the analysis carried out by Słyś and Stec (2020) 
for a rainwater collection system (decentralised or 
central) in a single-family housing state. Collecting 
rainwater (whether in a centralised or decentralised 
system) is not a financially viable solution for an 
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estate. Financial efficiency is improved when the 
investment is 25% to 50% subsidised.

The third most frequently addressed research 
context was hydrodynamic modelling of 
rainwater runoff. Among the articles included, 
the hydrodynamic modelling program used most 
frequently was EPA’s Storm Water Management 
Mode. Individual authors used this software to 
simulate: the operation of the sewerage network, 
including the rainwater drainage system (Wałęga 
et al. 2016; Nowakowska et al. 2017; Nowakowska 
et al. 2019; Szeląg et al. 2022), outflow from a 
small urban catchment (Boszcz 2017; Barszcz 
2018, 2022), and the retention properties of green 
roofs (Burszta-Adamiak & Mrowiec 2013). An 
interesting analysis was conducted by Olechnowicz 
and Weinerowska-Bords (2014) on the impact 
of various forms of urbanisation on water 
runoff from an urban catchment. The authors 
considered seven land development variants and 
simulated three precipitation scenarios using the 
Hydrologic Modeling System designed by the 
Hydrologic Engineering Center of the US Army 
Corps of Engineers (HEC-HMS). The modelling 
results indicated that urban development raised 
but temporally shortened peak flow, while also 
increasing runoff volume. At the same time, 
the possibility to significantly reduce runoff was 
confirmed using various engineering solutions in 
the field of alternative rainwater management.

Another of the distinguished research contexts 
relates to the analysis of the physical and 
chemical properties of rainwater. In the studies 
included, heavy metal concentrations were most 
often analysed (Zawilski et al. 2014; Sakson et 
al. 2018; Jakubowicz et al. 2022). Every work 
emphasised increased concentrations. In addition, 
other indicators of pollution were also analysed, 
including suspended solids, COD, BOD5, N-NH4, 
P (Zawilski et al. 2014), polycyclic aromatic 
hydrocarbons, microplastics (Jakubowicz et al. 
2022), ammonia, nitrites, nitrates, manganese, iron, 
and microbiological pollutants (Mazurkiewicz et al. 
2022). Extremely important results were obtained 
by Mazurkiewicz et al. (2022) and Jakubowicz et al. 
(2022). The former showed that the physicochemical 
quality of rainwater collected in underground 
reservoirs as part of the research met the Polish 
and EU requirements for drinking-water standards. 
At the same time, the poor microbiological quality 
of water was emphasised, with the number of 

coliform bacteria reaching 19,300 CFU. The article 
by Jakubowicz et al. (2022) showed the possibility of 
significantly reducing some pollutants (heavy metals, 
microplastics, polycyclic hydrocarbons) using a pilot 
multi-stage wetland installation. Such installations 
may be important in reducing pollutants discharged 
through the rainwater drainage system to receivers 
(rivers, lakes).

Urban planning, including rainwater management, 
is another highlighted research context. The two 
oldest works assigned to this research context relate 
to the issue of sustainable development as part of 
urban planning (Ogielski et al. 2015; Surma 2015). 
Particularly comprehensive analyses related to 
stormwater management have been carried out by 
Surma (2015). The author showed current sustainable 
rainwater management scenarios for areas that 
differed in use, time of creation and socio-economic 
functions performed. A different approach to urban 
planning has been presented in two recent works 
within this research context. Fitobór et al. (2022) 
used a holistic and dynamic planning method called 
the “extreme weather layer”. This method allows for 
determination of the impact of a single investment 
on the operation of a municipal sewage system and 
thus on the flood risk of an entire catchment. The 
many actions proposed by the authors to minimise 
flood risk in cities include the still-underestimated 
and underfunded Nature-Based Solutions (NBS). 
A very innovative idea has been presented by S.M. 
Rybicki et al. (2022). They present a model of an 
elementary autonomous housing complex called 
Bio-Morpheme. The essence of the proposed model 
is the idea of ensuring that urban developments of 
various types integrate the water circulation of the 
buildings into that of their immediate surroundings. 
A theoretical model was analysed to verify the 
possibility of comprehensive water management that 
included the collecting of precipitation from roofs, 
pavements, cycle paths and roads. Results obtained 
for the climatic and hydrological conditions of the 
city of Kraków (south Poland) indicated that 41% 
of the collected precipitation could be used for 
economic purposes. The rest of the water collected 
in a surface receiver would improve the microclimate 
and could be used over time for other purposes, such 
as irrigation. 

Other research contexts related to rainwater 
management were decidedly less frequently 
addressed. In the context of research on legal 
regulations for rainwater management, authors 
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emphasised the positive change in legal regulations 
relating to water management in Poland and their 
implementation of EU regulations. It should be 
noted that Sakson et al. (2017), Kordana and Słyś 
(2020a) and Godyń (2022) combined the legal 
regulations context with the economic instruments 
context in the rainwater management aspect. Saxon 
et al. (2017), analysing the impact of precipitation 
on the functioning of sewage treatment plants in 
a city (on the example of the city of Łódź), drew 
attention to the existence of regulations that do not 
ensure proper protection of water against pollution. 
They indicated that the regulations are too general 
and do not take into account local conditions, 
thereby preventing effective and economically 
viable water protection. Kordana and Słyś (2020a) 
and Godyń (2022) indicated gaps in the existing 
rainwater management policy in Poland, including 
the fees for the discharge of rainwater being too 
low, budgetary funds to offer grants for rainwater 
collection investments being too low, and fees 
for the discharge of rainwater into the municipal 
sewage system not being universal. Szpak et al. 
(2022) focused on the analysis of documents related 
to rainwater management in a selection of Poland’s 
largest cities. The study draws attention to actions 
taken by individual cities to improve their resilience 
in terms of issues relating to rainwater.

The research context related to social aspects of 
rainwater management was addressed only twice by 
the analysed group of articles. Interesting results were 
presented by Stec (2018), who conducted a study 
of households in Poland on the use of alternative 
water sources. The results clearly indicate a lack of 
interest in the possibility of replacing household 
mains water with grey water and rainwater. In the 
opinion of respondents, if they collected rainwater, 
it would be used mainly for watering the garden. 
The work of Mantey (2021) is of a similar nature. 
The research objective was, among the inhabitants 
of three types of suburban area, to identify attitudes 
towards small retention in the context of changes 
in the water law. The paper draws attention to the 
diverse ways in which residents living in areas 
of different degrees of urbanisation perceive the 
problem of rainwater. It indicated, among other 
things, that a greater urbanisation is accompanied 
by a lower sense of responsibility for rational 
rainwater management. Residents are also not 
convinced about the effectiveness of investing in 
individual small retention equipment. The main 

factors that might encourage them to implement 
such investments are financial issues, such as 
reducing fees for discharging rainwater to the 
rainwater drainage system.

The last of the highlighted research contexts is 
related to quantitative analyses of the potential for 
collecting rainwater. In both works, the authors 
rely on 50-year data obtained for 19 synoptic 
meteorological stations throughout Poland. Canales 
et al. (2020) assessed long-term trends in 20-day 
cumulative precipitation periods throughout the 
year. They also indicated the impact of their results 
on issues relating to the design and operation of 
rainwater collection equipment. Gwoździej-Mazur 
et al. (2022) drew attention to the impact of long-
term climate change on the possibility of using 
rainwater in households. The authors emphasised 
that the design of RWH systems should be based 
on archival data and take into account long-
term changes in precipitation. The validity of this 
statement needs addressing. Climate change presents 
us with an intensification of extreme weather events 
that exceeds past levels. It is therefore reasonable 
to ask, “Shouldn’t models extrapolating changes in 
climatic conditions be taken into account more fully 
when planning and designing RWH?”

Almost half of the works presented their 
research and analyses on the example of a city or 
part thereof. However, importantly, the research 
containing more detailed analyses related to just 
six Polish cities. Most works concerned Warsaw, 
Łódź and Wrocław. The other studies concerned 
Gdańsk, Kraków and Rzeszów. It should be noted 
that several articles include more cities. However, 
these articles were more general (e.g., Szpak et 
al. 2022) or focused only on comparing just one 
element related to rainwater (e.g., Canales et al. 
2020; Gwoździej-Mazur et al. 2022).

One of the questions asked most often by 
scientists from various fields relates to the direction 
in which further research on their chosen research 
topic will go. In the analysed research issues, the 
answer was: analysis of “thematic maps”. Two main 
research areas have been identified as probably the 
most intensively researched in the coming years. The 
first combines two important problems. It concerns 
modelling rainwater runoff from urban catchments 
and the functioning of the sewerage system in the 
event of extreme events that activate stormwater 
overflows. Modelling the outflow of rainwater from 
the urban catchment is very difficult, as it must 
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take into account the specifics of local conditions. 
The activation of stormwater overflows results in 
untreated sewage being discharged directly to the 
receiver (usually a river or lake). The growing 
number of extreme events related to rapid, intense 
precipitation will increase the number of such 
situations in coming years. The proper development 
and subsequent implementation of stormwater 
runoff models will significantly reduce the frequency 
of storm overflows. The second of research area that 
will developed rapidly in coming years concerns 
the possibility of rainwater retention. This issue 
is extremely broad, as it includes a number of 
applicable methods and solutions. Therefore, in the 
coming years, further research should be expected 
to aim to find the most effective rainwater retention 
solutions. This research is likely to focus largely on 
the further development of a broad spectrum of 
green roof solutions.

This paper is limited to the analysis of articles 
indexed by the two most prestigious bibliometric 
databases. One should therefore be aware that 
not all scientific articles addressing the analysed 
research issues were included. Despite this, the 
conclusions that can be formulated on the basis of 
the conducted analysis seem to fully reflect the state 
of knowledge on the undertaken research issues.

Conclusions

Based on the analysis, the following conclusions can 
be drawn:
•	 The issue of rainwater in urban areas in Poland 

is a current and developing research area, as 
confirmed by the growing number of articles.

•	 The research issues analysed in the work in 
Poland are mainly undertaken by scientists 
from technical universities, which has a direct 
impact on the research contexts of the resulting 
scientific studies.

•	 Eleven research contexts have been distinguished 
within which the issue of rainwater in urban 
areas has been analysed to date. The research 
context most frequently adopted was analysis of 
technical solutions for rainwater management 
(14 articles). Another frequently discussed 
research context was that of hydrodynamic 

modelling of rainwater runoff in urban 
catchments (9 articles).

•	 Based on the “thematic map” analysis, two 
probable directions of further development 
of the problem of rainwater in urban areas in 
Poland were indicated: 1) Modelling rainwater 
runoff from an urban catchment, with particular 
emphasis on the functioning of the combined 
sewerage system (i.e., including stormwater 
overflow); and 2) Analysis of rainwater retention 
possibilities, with particular emphasis on green 
roofs.

•	 It has been shown that individual research 
contexts have increased the scope and methods 
of their analyses and the range of research tools 
used.

•	 Detailed analyses have been limited to selected 
larger cities in Poland and have omitted medium 
and small cities.

•	 There is a lack of broader integration of research 
results from different research contexts.

Furthermore, in terms of the bibliometric analysis, 
two conclusions can be drawn:
•	 The results of the bibliometric analysis may 

be influenced by the database on which the 
analysis is performed. This is particularly true 
when the researched group of publications is 
relatively small. 

•	 The incompleteness of bibliometric information 
(which persists in the Scopus and Web of 
Science databases) may significantly limit the 
ability to draw conclusions based only on data 
obtained from bibliometric databases.

As it has been shown, rainwater is a current 
research problem that is analysed in many contexts. 
Despite the large amount of research, there are still 
areas in which gaps exist. The studies to date have 
provided a lot of valuable and important data and 
information. At present, there is a lack of studies 
using these results to synthesise and comprehensively 
analyse the issue from a regional (voivodship) or 
national perspective. Social studies into rainwater 
management are especially lacking. Research 
integrating environmental, economic, social and 
legal issues within the analysed issues should be 
considered essential. Ultimately, detailed analyses 
of these factors should be conducted for every city 
in Poland. In addition, efforts should be made to 
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involve scientists from non-technical universities 
in these issues. It seems that geographers can play 
a special role in this respect (without dividing 
them into those dealing with socio-economic 
and environmental issues). They have appropriate 
environmental and socio-economic knowledge and 
tools for spatial analysis (GIS software).

In light of the dynamic development of Polish 
cities, the accompanying spatial transformations 
and progressing climate change, addressing the 
comments and postulates indicated in this work 
appears to be increasingly urgent. The failure to 
immediately undertake the indicated research and 
then to implement the results may contribute to 
significant socio-economic losses in the near future.
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Table. “Thematic map” analysis results: the composition of selected clusters

Source: own evaluation
 

Appendix 1

SCOPUS Web of Science
Authors 

keywords Occurrences Cluster 
No. Cluster Label Authors 

keywords Occurrences Cluster 
No.

Cluster 
Label

stormwater 
management 7 1 stormwater 

management
ecosystem 
services 2 1 ecosystem 

services
rainwater 
management 6 1 stormwater 

management green roof 2 1 ecosystem 
services

green 
infrastructure 3 1 stormwater 

management modeling 2 1 ecosystem 
services

payback period 2 1 stormwater 
management swmm 2 1 ecosystem 

services

urban drainage 2 1 stormwater 
management

stormwater 
management 6 2 stormwater 

management

rainwater 4 2 rainwater rainwater 
management 4 2 stormwater 

management
combined sewer 
overflows 2 2 rainwater green 

infrastructure 2 2 stormwater 
management

modeling 2 2 rainwater payback period 2 2 stormwater 
management

urban hydrology 2 2 rainwater rainwater 
harvesting 6 3 rainwater 

harvesting
rainwater 
harvesting 6 3 rainwater 

harvesting life cycle cost 3 3 rainwater 
harvesting

alternative water 
sources 2 3 rainwater 

harvesting
alternative water 
sources 2 3 rainwater 

harvesting

life cycle cost 2 3 rainwater 
harvesting stormwater 3 4 stormwater

water saving 2 3 rainwater 
harvesting rainwater 3 5 rainwater

nature-based 
solutions 2 4 nature-based 

solutions financial analysis 2 6 financial 
analysis

ecosystem 
services 2 5 ecosystem 

services

rainwater 
harvesting 
system

2 6 financial 
analysis

green roof 2 5 ecosystem 
services urban catchment 3 7 urban 

catchment

retention 2 5 ecosystem 
services swmm model 2 7 urban 

catchment
green roofs 2 6 green roofs
urban catchment 5 7 urban catchment
swmm 3 7 urban catchment
swmm model 3 7 urban catchment
sbuh model 2 7 urban catchment
modernization 2 8 modernization
stormwater 2 8 modernization
resilient cities 2 9 resilient cities


