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Abstract: Many urban areas suffer from water scarcity although paradoxically, 
a local source such as rainwater is mostly treated as a risk rather than a  
valuable resource. This change of paradigm is included in the ‘integrated water 
resources management’ and ‘demand management’ approach. The aim of this 
research is to identify and analyse studies that explore subject matters 
concerning rainwater in the integrated management systems of water resources 
into developed countries. The research methodology consisted in a literature 
review (from the 1980s to 2017) of territorial studies that examine rainwater 
harvesting in urban areas of the developed countries. To this end, a bibliometric 
analysis has been carried out in different databases according to the definition 
of keywords. The results reveal five thematic areas were identified and 
temporal and spatial differences between some subject matters. 

Keywords: rainwater; harvesting; integrated water resources; management; 
developed countries. 

Reference to this paper should be made as follows: Morote, A-F.,  
Hernández, M. and Eslamian, S. (2020) ‘Rainwater harvesting in urban areas of 
developed countries. The state of the art (1980–2017)’, Int. J. Hydrology 
Science and Technology, Vol. 10, No. 5, pp.448–470. 

 



   

 

   

   
 

   

   

 

   

    Rainwater harvesting in urban areas of developed countries 449    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

Biographical notes: Alvaro-Francisco Morote is a Lecturer at the Department 
of Didactics of Experimental and Social Sciences at University of Valencia, 
Spain. His research interests include studies about water consumption, the 
urbanisation process, the study about the relation about new urban natures 
(gardens and pools) with water demand, natural hazards and the didactic of 
geography. 

María Hernández is a Full Professor of Geography in the Department of 
Regional Geographic Analysis and Physical Geography at University of 
Alicante. Her research interests, initiated in 1994, are focused on studies on 
analysis and evolution of rural and cultural landscapes, agriculture and rural 
development, tourism and local development, land management, demand and 
water uses and natural hazards. 

Saeid Eslamian is a Full Professor of Water System Engineering in the 
Department of Water Engineering at Isfahan University of Technology, Iran, 
where he was been since 1995. His research focuses mainly on water resources 
planning, management and sustainability, and statistical and environment 
hydrological in a changing climate. 

 

1 Introduction 

Water management plays a major role in the functioning of urban areas, but applying 
alternative strategies might be more or less effective depending on the urban form and 
water demand (Petit-Boix et al., 2018). Urban water demand is expected to increase 
drastically worldwide in the next decades. Furthermore, climate change is likely to 
increase the variability of precipitation and the number of flood and drought episodes 
(Alamdari et al., 2018; Ennenbach et al., 2018; Musayev et al., 2018; IPCC, 2018). As a 
result of an increasing number of drought periods (partially exacerbated by climate 
change and changing patterns in water consumption), non-conventional water resources 
are becoming increasingly more popular (Bashar et al., 2018; Grant et al., 2018; Xu  
et al., 2018). These trends accentuate the need to adapt water management to new  
and challenging environmental and socio-economic conditions (Morote and Hernández, 
2017). 

The so-called ‘demand management’ approach must be assessed within the scope of 
the broader ‘integrated water resources management’ (IWRM). In it, supply and demand 
measures are combined to produce efficient mixtures aimed at decreasing the ever 
growing urban need for freshwater (Stephenson, 1999). According to the IWRM 
philosophy, previously ignored water resources within the urban cycle are being 
rediscovered under the concept of ‘fit for purpose’ (Brown et al., 2009). That it is to say 
the assumption that water has many qualities and not all water uses (urban, industrial, 
agricultural, environmental and recreational) require the same quality. The IWRM 
approach and water resources such as rainwater, treated wastewater and greywater also 
herald new forms of governance and control of the urban water cycle (Sedlak, 2014). 

Cities have depended on reliable water sources for their expansion while urbanisation 
has enormously modified local, regional and even national water cycles (Vallès-Casas  
et al., 2016). Over the last decade, there has been a growing interest in innovative 
stormwater management practices, thus breaking away from conventional ‘end of pipe’ 
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approaches (based on conveying water offsite to centralised detention facilities). 
Innovative strategies, referred to as sustainable urban drainage systems (SUDS), low 
impact development (LID) or green infrastructures have therefore become popular among 
practitioners and the public authorities. However, while the need to control pollution  
is generally well-accepted, there is no widespread agreement about what type of 
management criteria should be established for developers (Sage et al., 2015). 

In the last decades, in urban areas of the developed world, rainwater harvesting 
(RWH) has emerged as a field of sustainable water management, which offers an 
alternative water supply for at least non-drinking uses (Kandasamy et al., 2016; Imteaz 
and Moniruzzaman, 2018). Among all the alternative options to minimise drinking water 
demand, RWH system has received a high level of attention due to its easy collection and 
reuse potentials (Paudel et al., 2018). These alternative resources have very different 
characteristics (Domènech et al., 2013). Some of them (i.e., RWH) are millennia-old, 
while others (i.e., treated wastewater and greywater recycling) have caught on as a result 
of technological progress (Vallès-Casas et al., 2016). RWH is now increasingly used to 
manage urban flood and alleviate water scarcity crisis (Jing et al., 2017). RWH systems 
represent a promising alternative to increase flexibility and robustness of water supply 
systems (Lopes et al., 2017). And it may supply daily non-drinking water for irrigation, 
toilette flushing, car washing and other uses (Ursino and Grisi, 2017). 

The use of rainwater for urban uses is practiced in many developed countries to 
mitigate water scarcity in urban environments (López-Zavala et al., 2016; Fisher-Jeffes  
et al., 2017; Li et al., 2017), but it has been also adopted in developing countries. RWH is 
a widely known and used technique in Africa and Asia, especially, in China (Jing et al., 
2017). 

According to Sitzenfrei et al. (2013), to meet upcoming challenges such as climate 
change, the rapid growth and shrinking of cities and water scarcity, water infrastructure 
needs to be more flexible, adaptable and sustainable [e.g., SUDS, water sensitive urban 
design (WSUD)]. WSUD is a planning and design philosophy used to minimise  
the hydrological impacts of urban development on the surrounding environment  
(Morison and Brown, 2011; Okhravi et al., 2014, 2015; Rahman et al., 2017). It is an 
integrated water management system that encompasses LID, water conservation and 
recycling, water quality management, and urban ecology (Donofrio et al., 2009). 
According to Saunders and Peirson (2013), WSUD provides an effective method of 
improving discharge water quality, providing water storage capacity and achieving peak 
flow attenuation. 

The aim of this research is: 

1 To identify studies that explore the use and management of rainwater in urban areas 
of the developed world (1980–2017). 

2 To identify possible gaps in research that would help to advance RHW in future. 

This is relevant considering the initial hypothesis of this research work. The hypothesis  
is that using rainwater will become increasingly more important in the planning and 
integrated management of water resources in the developed countries. 

The structure of this study is briefly described hereinafter. In the introduction, the 
potential for the use and management of rainwater in urban environments is discussed, 
taking into account that it has traditionally been a ‘forgotten’ resource in cities of the 
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developed world. After the introduction, the methodology and the results are described. 
Finally, the paper ends with the ‘discussion’ and ‘conclusions’ sections. 

2 Methodology 

The research methodology consisted in literature review (from the 1980s to 2017) of the 
territorial studies (research articles from the ‘social sciences’) that examine the use, the 
harvested options and the management of rainwater in the urban areas in the developed 
countries. It is analysed this period due to the lack of studies before this date. 

To this end, a literature search (in English) was organised using databases such as 
‘Scopus’, ‘Scimago’ and the ‘Web of Science Core Collection’. The search terms 
selected were keywords related to the new principles of integrated management of water 
resources, demand management or the incorporation of rainwater in the water cycle of the 
cities. To be precise, the words were: rainwater, stormwater, RWH, urban drainage 
management, WSUD, fit for purpose, storm reservoir, water saving ordinance, greenroofs 
and sponge cities. 

The choice of the study area (developed countries) is determined as the main  
search criteria (social sciences) by the objectives of the research. In this case, the  
socio-economic differences, of urban development, regulatory framework or 
predominance of water urban use (as opposed to farming uses) determined that the 
developed countries were chosen as the study area and exclude the underdeveloped. This 
does not mean that in the latter ones there are no studies on this subject. The remarkable 
achievement of paper on ‘sponge city’ in China or those carried out in Brazil or India in 
rural areas, for instance, evidences the interest on these issues outside the developed 
countries. However, their objectives (agricultural purpose) or incorporation of these 
techniques in fast and ex-novo urbanisation processes excluded them from the objectives 
of this research (analysis of harvesting systems and use of rainwater in urban areas where 
urbanisation is a well-established process). Regarding the countries, to determine which 
countries are considered as developed the criterion established by the OECD has been 
used. 

The main search criteria used was to analyse the references that appear under the 
heading ‘social sciences’, namely, to show how the rainwater systems have been analysed 
from a territorial approach. That it is to say, widespread distribution of these techniques 
and predominance of one or another depending on the characteristic of territories 
concerned. Reasons for its choice were that: 

1 Determining the relationships between territorial scope and predominant themes was 
one of the objectives of this paper. 

2 The structure of the database carried out searches in large blocks of contents such as 
social sciences, engineering, health, etc. 

3 Social sciences include disciplines such as geography, economics, sociology or law, 
with very diverse areas of knowledge. 

The linkage with the territory is the defining element of one of them, the geography. This 
will allow highlighting the interaction and implementation of these systems (planning, 
management, rules, etc.), in a specific area (study area) and the potential repercussions 
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(increase of available water resources, reducing of flood risk, etc.). In a first step, 
references were sought that contained the above-named keywords. At the same time, 
another search was made under the heading ‘engineering’ (secondary criteria) to identify 
publications on this subject and with the same keywords as search engines. 

Adding the result of both criteria, a list of references, where geographic, economic, 
social, environmental or engineering issues are interrelated, were obtained. A series of 
filters were applied to the results obtained in this first phase (22,571 articles). The first of 
these filters combined various simple terms using the connectors ‘and’ and ‘or’ to cut 
down on the references that considered relative issues. For example, the word ‘rain’, 
although they were not directly related to its use as a water resource, repeated references 
were eliminated as well. The total number of items obtained in this second search was 
2,185. The interrelated terms and the resulting items were: urban drainage and rainwater 
(269 papers), purpose and RWH (110 papers), RWH (943 papers), storm tank and 
rainwater (49 papers), saving and rainwater (97 papers), greenroofs (413 papers), 
WSUDs (179 papers) and sponge cities (125 papers). 

A third filter was applied to the results obtained in the second phase  
(2,185 references) to eliminate references that concerned RWH, but they did not  
focus on rainwater in urban areas with territorial purpose or incidence in a specific 
geographic area. The importance given to a specific study area (that is to say, a city or 
country) is determined by the geographical analysis, one of the objectives of this  
study, and by doing so be able to carry out the analysis on the state of affairs according  
to the areas. Consequently, studies that examined issues from purely a chemical, 
biological-environmental point of view or where the modelling predominated were 
excluded. In turn, using rainwater for agricultural purposes was excluded. The reading of 
the abstracts and checking scopes and matters on the webpages of the journals where the 
paper were published were the filters used in this phase. Finally, the total number of 
studies was 394. In this last phase, the abstracts and papers were consulted to identify 
their methodology and results. And from this, to assign the papers to each of the thematic 
lines in which the publications have been grouped. That is to say, not only the number of 
paper was analysed (which allowed us to identify the predominance of some lines or 
others and their temporary and geographical distribution), but also the contents, 
identifying work methods, subject analysed, etc.). 

The results were grouped into five large topics of research attending to the purpose of 
the use of rainwater: 

1 floods and sustainable urban drainage 

2 rainwater and pollution 

3 means of storing rainwater 

4 greenroofs and rainwater 

5 the potential of using rainwater and the resulting savings. 

Besides, due to the big number of the works and authors, only the authors that were cited 
in the text were incorporated in the references section. Within each of these sections, the 
spatial and temporal distributions of the papers were also analysed. The chronological 
evolution of the topics allows showing how these publications have evolved over time 
and the appearance of new ones. Regarding the location (spatial variable), analysing it 
allow highlighting the interaction and implementation of these systems in a specific area 
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(planning, management, norms, etc.), the potential repercussions (increase of available 
water resources, reducing of flood risk, etc.), and relationships between socioeconomic 
and environmental characteristics and the predominance of some lines of research. 

3 Results 

The papers identified regarding rainwater and its management for later use in cities of 
developed countries shows that there are five lines of research. Of these, two stand out 
over the rest: ‘floods and sustainable urban drainage’ (122 papers, 30.96%) and ‘potential 
of using rainwater and the resulting savings’ (134 papers, 34.01%) (Figure 1). Providing 
a global analysis of the evolution of the research studies identified, it should be noted: 

1 In the ‘80s and ‘90s of the last century, some of the first papers were found (Krejci 
and Gujer, 1985). 

2 It is from the middle of the first decade of the 2000s and, especially, from 2010 when 
the interest of the management and the use of rainwater in urban areas receives most 
attention (Figure 2). 

In fact, the 66.49% of all studies identified are from 2011–2017 (262 papers). 

Figure 1 Number of papers identified according to the subject matters 

 

The arguments supporting the interest in these topics are: 

1 The large urban growths that have generated the waterproofing of large percentages 
of land and the use of floodprone areas. 

2 Environmental problems related to soil and water pollution. 

3 The development of rainwater storage technologies for their drainage, treatment or 
use. 

4 A growing interest in the use of rainwater as an alternative resource due to episodes 
of water shortage as a result of the increased demand and the effects of climate 
change (greater intensity and frequency of droughts). 
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These topics show that rainwater is a research lines that relates and identifies urban crises 
and environmental problems. 

Figure 2 Evolution of the number of papers according to the subject matters (1980–2017)  
(see online version for colours) 

 

The analysis of the papers according to the study areas shows their concentration in  
three areas (Figure 3): 

1 Europe with 57% of the studies (225 papers) 

2 Australia with 24.61% of the studies (99) 

3 the USA with 12.94% (51 studies). 

To keep the explanation simple, the countries were grouped into these three large 
regional groups, which corresponded with the areas with the highest number of 
references. This does not mean that there is no reference to other countries (for example, 
Canada, Japan, New Zealand or Israel). All references are considered in each of the 
sections in which the research is structured and included in the rates where the territorial 
distribution is analysed (general level). But given the minority number of items (papers), 
it was not possible to collect them in the figures (their representation was not legible). 

The main topics with reference to these three study areas show that: 

1 In Europe, the main lines of research are concerned with ‘floods and sustainable 
urban drainage’ (78 papers, 34.7%) and ‘the potential of using rainwater and the 
resulting savings’ (71 papers, 31.6%). 

2 In Australia, with ‘floods and sustainable urban drainage’ (32 studies, 32.9%) and 
‘means of storing rainwater’ (32 studies, 32.9%). 
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3 In the USA, studies about ‘the potential of using rainwater and the resulting savings’ 
(33 studies, 64.1%). 

Figure 3 Number of papers written per country and the main regions (the USA, Australia and 
Europe) (see online version for colours) 

 

3.1 Floods and sustainable urban drainage 

The studies related to floods and SUDS (a total of 122 papers) have been carried out over 
a long period of time, starting way back in the eighties when the first studies were 
published (Krejci and Gujer, 1985). And they peaked in the first decade of the  
21st century. From a geographical point of view, the publications from Europe are the 
majority (with 78 works) (Table 1). By regions, the studies are conducted in the North 
and Central Europe (mainly in the UK, Denmark, Germany, Austria, etc.), with a total of 
59 papers and the Mediterranean Europe with 19 papers. With regard to the former group, 
for example, it is worth mentioning articles from the UK (Rubinato et al., 2013), 
Denmark (Zhou et al., 2013) or Germany (Staufer and Pinnekamp, 2008). Those from the 
Mediterranean Europe mainly come from Italy and Spain (ten and eight papers, 
respectively). The rest of the works are from outside Europe and, by countries, Australia 
with 32 papers is the main country, especially, in the current decade, and secondly, the 
USA (eight studies) (Table 1). 
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Table 1 Number of papers published per main areas on floods and sustainable urban drainage 
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Elements that all these publications have in common are: 

1 The description of the techniques used to calculate the volume of the circulating flow 
with the conventional drainage systems. 

2 The circulating flow volumes when the SUDS are used and the mitigation of the 
damage done by floods. 

3 The possible effects that climate change could have on the urban drainage and how it 
could be adapted (Courdent et al., 2015; Willems, 2013). 

In this respect, flooding is the most common natural hazard in Europe and other 
developed countries. This explains the relevance of this section in this territorial area. 

Table 2 Number of papers published per main areas on rainwater and pollution 

USA Australia Europe 

 (2001–2005): Dwight 
et al. (2002), Bay et al. 
(2003), Ahn et al. 
(2005) 

 (2006–2010): Gilbert 
and Clausen (2006), 
Richardson and Tripp 
(2006) 

 (2011–2015): De Busk 
and Hunt (2014), 
Wilson et al. (2014) 

 (2006–2010): Miguntanna 
et al. (2010), Morrow et al. 
(2010), Francey et al. 
(2010), Bach et al. (2010) 

 (2011–2015): Wright et al. 
(2011), Beecham et al. 
(2012), Huston et al. 
(2012), Daly et al. (2012), 
Magyar et al. (2014), Raja 
et al. (2014), Lucke and 
Nichols (2015) 

 (1996–2000): Hermann (1996), 
Krejci (1996), Deletic (1998), 
Estèbe et al. (1998), Stieber et al. 
(1999), Harremoës and Rauch 
(1999), Zug et al. (1999), Vidal 
and Melgar (2000) 

 (2001–2005): Polkowska et al. 
(2002), Mourad and Chebbo 
(2005), Brombach et al. (2005), 
Sage et al. (2005), Ahlman et al. 
(2005), Gnecco et al. (2005), 
Kafi-Benyahia et al. (2005) 

 (2006–2010): Mourad et al. 
(2006), Gnecco et al. (2006), 
Ahlman (2006), Wallis et al. 
(2006), Fach and Stubbe (2008), 
Rossi (2008), Vermonden et al. 
(2009), Mannina and Viviani 
(2009), Schellart et al. (2010) 

 (2011–2015): Birch et al. (2011), 
Chèvre et al. (2011), Burkhardt 
et al. (2011), Gromaire et al. 
(2011), Vialle et al. (2012), Birch 
et al. (2012), Métadier and 
Bertrand-Krajewski (2012), 
Gnecco et al. (2013), De Man  
et al. (2014), Zawilski et al. 
(2014), Bressy et al. (2014), 
Todeschini et al. (2014),  
Quinn and Dussaillant (2014), 
Yan et al. (2014), Sales-Ortells 
and Medema (2015),  
Llopart-Mascaró et al. (2015) 

 (2016–2017): Fraga et al. (2016), 
Todeschini (2016), Komínková 
et al. (2016) 
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3.2 Rainwater and pollution 

In regard to the studies carried out on rainwater and pollution, 64 papers in total were 
analysed. As to the evolution over time, interest in this topic began halfway through the 
nineties with a more or less average number of publications being issued after this date 
(Deletic, 1998). This topic is mostly analysed in Europe (43 papers). Particularly, in 
Central and Northern European countries (36 papers), (France, Switzerland, the UK, 
Denmark, Holland, Germany, etc.) (Quinn and Dussaillant, 2014) more so than in the 
Mediterranean countries (7 papers) (Table 2). A special mention should be made to 
France that published 11 papers (17% of the total). This distinct location is explained, to 
a great extent, by a longer track record in using SUDS and, consequently, a concern for 
the pollution of these flows and their possible use. 

3.3 Means of storing rainwater 

With regard to the studies carried out on the means of storing rainwater, a total number of 
52 papers were identified. It is also important to note that the majority are related to 
issues that deal with the form and different types of infrastructure to store rainwater (for 
example, rainwater tanks) (Londra et al., 2015). Regarding the time analysis, interest in 
this topic begins at the beginning of the nineties (Lessard and Beck, 1991) with a growing 
number of publications, especially from the 2010 decade onwards (Table 3). From the 
point of view of its geographical distribution, the main region is Australia with 32 papers 
(61% of the total of this research line), and in second place Europe with 18 studies (34%). 
It is important to note that this topic is popular in areas characterised by scarcity of water 
like some areas of Australia (Imteaz et al., 2017) and in the Mediterranean countries such 
Spain (Andrés-Doménech et al., 2012), Greece (Yannopoulos et al., 2017) and Italy 
(Campisano and Modica, 2016). 

3.4 Greenroofs and rainwater 

In regard with the thematic of ‘greenroofs and rainwater’, it should be noted that: 

1 The adoption of these systems does not have the main purpose of harvesting and/or 
reusing rainwater. 

2 Indicate the possibilities that can be offered to achieve more sustainable urban spaces 
with the use rainwater resources (storage for domestic uses and for watering gardens, 
etc.). 

In total, a number of 22 papers have been identified, especially in the last decade. By 
region, Europe stands out (18 research articles, 81%), with the majority concentrating in 
the UK with nine papers (Graceson et al., 2014; Nawaz et al., 2015) (Table 4). In this 
country, the analysis of the ‘greenroofs’ is related to the abundance of rainfall. And 
therefore, it is a vital resource to be taken advantage of to replace certain consumptive 
water uses. 
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Table 3 Number of papers published per main areas on means of storing rainwater 

USA Australia Europe 

 (2016–2017): 
Olsen et al. 
(2017) 

 (2001–2005): Coombes and 
Kuczera (2003) 

 (2006–2010): Collins (2008), 
Sharma et al. (2008), Gardiner 
(2009), Khastagir and Jayasuriya 
(2010), Rodrigo et al. (2010), 
Eroksuz and Rahman (2010), Tam  
et al. (2010), Andrés-Doménech  
et al. (2010), Khastagir et al. (2010) 

 (2011–2015): Imteaz et al. (2011a, 
2011b, 2012, 2013, 2014),  
Gato-Trinidad and Gan (2011),  
Van der Sterren et al. (2012, 2013, 
2014), Rahman et al. (2012), 
Mankad et al. (2012), Beal et al. 
(2012), Umaphati et al. (2013), 
Cook et al. (2013), Moglia and 
Tjandraatmadja (2014),  
Gato-Trinidad and Gan (2014), 
Demuzere et al. (2014), Delaney and 
Fam (2015) 

 (2016–2017): Imteaz et al. (2016, 
2017a, 2017b), Kandasamy et al. 
(2016), Sountharajah et al. (2017) 

 (1991–1995): Lessar and Beck 
(1991) 

 (1996–2000): Van Wesemael  
et al. (1998) 

 (2011–2015): López-Patiño  
et al. (2011), Campisano and 
Modica (2012), Todeschini et al. 
(2012), Andrés-Doménech et al. 
(2012), Garcia et al. (2013), 
Tsihrintzis and Baltas (2014), 
Ringelstein (2015), Londra et al. 
(2015), Gerolin and Le Nouveau 
(2015) 

 (2016–2017): Campisano and 
Modica (2016), Angelakis 
(2016), Enriquez et al. (2017), 
Yannopoulos et al. (2017) 

Table 4 Number of papers published per main areas on greenroofs and rainwater 

USA Australia Europe 

 (2006–2010): 
Deutsh (2007) 

 (2011–2015): 
Gregoire and 
Clausen (2011) 

 (2011–2015): Razzaghmanesh 
et al. (2014), Razzaghmanesh 
and Beecham (2014), Beecham 
and Razzaghmanesh (2015) 

 (2016–2017): Razzaghmanesh 
et al. (2016) 

 (2001–2005): Bengtsson et al. 
(2005) 

 (2006–2010): Stovin (2010) 

 (2011–2015): Stovin et al. (2012), 
Gnecco et al. (2013), Yio et al. 
(2013), Speak et al. (2013), 
Vesuviano and Stovin (2013), 
Graceson et al. (2013), Vanuytrecht 
et al. (2014), Carbone et al. (2014), 
Vesuviano et al. (2014), Locatelli  
et al. (2014), Graceson et al. (2014), 
Stratigea and Makropoulos (2015), 
Nawaz et al. (2015) 

 (2016–2017): Johannessen et al. 
(2017) 
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Table 5 Number of papers published per main areas on the potential of using rainwater and the 
resulting savings 
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3.5 The potential of using rainwater and the resulting savings 

One hundred thirty-four publications in total are associated with the potential of using 
rainwater and the resulting water savings. In terms of its interest over the years, it begins 
gradually in the ‘80s and ‘90s (Giráldez et al., 1988). But it is not until halfway through 
the first decade of the 21st century and especially from 2010 onwards that it becomes 
widely studied. From the point of view of its spatial location, the highest percentage of 
papers is concentrated in Europe (71 papers, the 52.98%). Particularly in countries from 
the Mediterranean Europe, for example Spain (25 papers, the 18.65%), France  
(12 papers, the 8.9%) and Italy (11 papers, 8.20%) (Table 5). In general, it is in these 
countries where the subtopic related to how much drinking water is saved if rainwater is 
used instead, especially at home, is highlighted. This is all related to the shortage of 
resources in certain regions in the aforesaid countries. And especially, due to the growing 
demand for water used for urban-tourist purposes on the coastline. Outside Europe, the 
total number of papers is 63: the USA with 33 studies (24.62%) and Australia with 18 
studies (13.43%). 

4 Discussion 

This research has shown how studies related to the use and potential of rainwater in  
urban areas of the developed world began to be treated in the eighties of the last  
century. Nevertheless, they have acquired greater relevance in recent years, mainly due to 
five factors that have been identified as ‘subjects of study’ related to RWH: floods  
and sustainable urban drainage; rainwater and pollution; means of storing rainwater; 
greenroofs and rainwater; and the potential of using rainwater and the resulting savings. 

In the topic ‘floods and sustainable urban drainage’, the most important are 
publications that relate new drainage systems and the mitigation of flood risk. In recent 
years, the interest in this subject has been accentuated due to the effects of climate change 
such as greater intensity of rainfall. By geographical areas, Europe (the UK, Denmark, 
Italy, Spain and Germany) and the USA dominate. The use and management of 
decentralised and alternative water resources, such as rainwater, can help to take the 
pressure off conventional water resources and add a series of benefits form the point of 
view of the urban policies and water management. It could be an important step towards a 
more democratic society were environmental resources are controlled by the citizenry 
and are used in a rational and recyclable manner (Domènech et al., 2013). According to 
Belmeziti et al. (2013), the practice of RWH is catching on quickly in urban areas. This 
statement is highlighted in this research. This is due to the different benefits to be had 
when rainwater is used. Firstly, using rainwater means that the urban streets are drained 
properly and floods can therefore be avoided in certain urban areas. Williams (2007), for 
example, explains that RWH slows down its flow into the watercourses, which is 
exacerbated by the growth in the urban development and the reduction in vegetation 
cover. Moreover, RWH, which can be used as a supplementary solution to pumping, 
could also reduce the amount of water wasted in flash flooding to avoid drought in dry 
and wet seasons. 

The second research line identified is ‘rainwater and pollution’. By countries and 
research papers identified, France (Mourad and Chebbo, 2005), the USA (Wilson et al., 
2014) and Australia (Lucke and Nichols, 2015) stand out. These publications discuss the 
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measures taken in different countries or the methods used to find out more about the best 
practices and the pollution levels in the first flush. In France, Sage et al. (2015) carried 
out through a literature analysis to determine how suitable they are to control pollution 
and what influence they have on the selection and design of best management practices. 
This study suggests that hydrologic criteria based on volume reduction (rather than 
treatment) might generally be preferable for the onsite control of diffuse stormwater 
pollution. In the Mediterranean area (Italy), Gnecco et al. (2005), from two monitoring 
systems (roof and road runoff) installed in the experimental catchment of Villa Cambiaso 
(University of Genoa) investigate the first flush phenomenon connected to different types 
of urban surfaces. It was observed that the pollution by heavy metals in first flush is 
affected by both the rainfall characteristics (intensity and total depth) and the preceding 
environmental conditions 

In the research line ‘means of storing rainwater’ papers related to the storage of 
rainwater through ‘rainwater tanks’ stand out. In these papers, most studies focused on 
the key role played by climate conditions to size storm tanks (Andrés-Doménech et al., 
2010) or to evaluate the potential of tank-based RWH systems in houses to mitigate peak 
roof runoff due to rainfall in urban areas (Campisano and Modica, 2016). Countries such 
as Australia, Spain or Italy stand out by number of publications. The prevalence of semi-
arid weather conditions in some regions of these countries with water shortage justifies 
its relevance. In addition, in Spain and Italy, it is also necessary to mention the existence 
of traditional rainwater storage techniques (cisterns). 

These traditional uses, neglected since the second half of the S. XX (see  
Morote and Hernández, 2017) have ‘emerged’ in some urban areas (urbanisations, public 
buildings, etc.), as a way to store and harvest runoff water for further treatment and use. 
Although the majority of articles have been published in the Mediterranean area, this 
topic has also been under analysis in publications in Central and Northern Europe. For 
example, it is worth mentioning the article published in Belgium by Ringelstein (2015). 
In this country, RWH tanks is mandatory for new buildings in most regions. In this study, 
the author argues that the greatest water savings are obtained by using rainwater in flush 
toilets and showers in front of its use to watering gardens. 

Fourth, papers related to ‘greenroofs’ analysed: 

1 The relationships between weather conditions and the type of dwelling (detached 
house) that have allowed these systems to be implemented in the last decades to take 
advantage of rainwater for certain domestic uses. 

2 The water storage capacities of the vegetation used on greenroofs. According to 
Speak et al. (2013), intensive greenroofs, with their deeper substrates and higher 
plant biomass, are able to retain greater quantities of runoff. Yio et al. (2013) concur 
on this point. They quantify the detention effects due to greenroof substrates and 
argue that greenroofs could contribute significantly to urban stormwater 
management. In the same country (the UK), Graceson et al. (2013) examine the 
contribution of growing media composition and depth to the water retention 
capabilities of greenroof systems. 

3 The relationship between greenroofs and their capacity for reducing peak flow and 
flooding in urban areas (Graceson et al., 2014) by reducing the amount impermeable 
surfaces on built land (Arthur and Wright, 2005; Graceson et al., 2013). 
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4 In urban environment, the use of greenroofs might be a sustainable solution to abate 
the quantity and quality of urban runoff. They enable to retain a portion of drained 
rainwater and to reduce a heated island effect due to the configuration of green areas 
(Carbone et al., 2014). However, according to Nawaz et al. (2015), empirical 
evidence from full-scale roofs, especially those that have been operational for more 
than several years, is limited. It is pointed out that there is a need for more studies on 
this less common type of greenroof. It is also indicated that it would be convenient to 
investigate the effect of factors such as age and vegetation composition (Speak et al., 
2013). 

Despite the geographical concentration of this topic in the UK, studies have also been 
carried out in other countries in Central and Northern Europe and to a lesser extent in the 
Mediterranean countries. In Denmark, Locatelli et al. (2014) demonstrate the capacity of 
storage of this type of roofs. A few millimetres of storage can reduce the mean annual 
runoff by up to 20% compared to a traditional roof. In Italy, Carbone et al. (2014) show 
the hydraulic response of a greenroof in the Mediterranean climate during dry and wet 
weather conditions. In Greece, Stratigea and Makropoulos (2015) focus on the role of 
greenroofs, RWH and greywater reuse and their integration in buildings. The results 
suggest that the most preferable solution to store drinking water is RWH together with 
greywater recycling. And to minimise runoff, the best option is the greenroof combined 
with greywater recycling. 

Finally, the topic ‘potential of using rainwater and the resulting savings’ contains the 
greatest number of articles, especially in countries such as the USA, Australia, Spain and 
Italy. The shortage of water resources due to climatic factors and increased demands 
makes this technique a system that can increase the available resources. RWH could 
increase the resilience of these territories, especially taking into account the effects of 
climate change (Figure 4). In the Mediterranean area, water scarcity is due to the 
increasing water demand related to the population growth and the expansion of urban and 
industrialised areas. RWH may be an effective alternative water supply solution to deal 
with water scarcity in order to reduce drinking and non-drinking water needs. It has 
recently become a particularly important option in arid and semi-arid areas, mostly 
because of its many benefits and relatively low costs (Notaro et al., 2017). 

The integration of RWH systems with other water sources can result in significant 
water savings particularly for non-drinking household uses (Liuzzo et al., 2016;  
Morote and Hernández, 2017). In Italy, Liuzzo et al. (2016) analyse the reliability of 
using this system to supply water to flush the toilet and for the garden irrigation, for a 
detached house in a residential area of Sicily (Southern Italy). A cost-benefit analysis is 
that there are environmental and economic advantages in using a RWH system in Sicily 
compared to the traditional water supply methods. In addition, the regional analysis 
identified areas where the use of this system would be most effective. According to 
López-Zavala et al. (2016), using RWH together with greywater treatment and reuse 
would contribute to decrease drinking water consumption and the need to treat 
wastewater. Furthermore, it would also help attain significant economic savings for water 
users and water or wastewater system operators. This shows that incorporating RWH and 
greywater reuse is more feasible and reliable than strategies based on only RWH. 

A second question analysed is the effectiveness of this technique in relation to 
weather conditions. In Italy, Ursino (2016) studied the efficiency of a large number of 
urban water reuse systems, operating under different climate and demand conditions. In 
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the study by De Gouvello et al. (2014), based on a detailed analysis of eight countries 
(Germany, the UK, the US, Brazil, India, Sri Lanka, Australia and Uganda), an 
international overview of RWH is compiled. Apart from the specific and sensitive 
differences, the experience of these countries is useful for the French case. Comparisons 
have been made on different aspects: uses of rainwater, quality standards, regulatory tools 
and RWH development factors. 

Figure 4 Example of RWH system (see online version for colours) 

 

Source: http://pt.m.wikiversity.org 

Despite acquiring increasingly more experience, planners frequently disregard RWH for 
domestic consumption for two main reasons. First, not enough is known about the 
benefits of RWH for its users. Most studies have focused on theoretically estimating the 
water collection potential of RWH (Eroksuz and Rahman, 2010). A lower number base 
their arguments on fact according to the current performance and use of existing RWH 
systems. A smaller number do explore users’ practices and perceptions (for some 
exceptions, see Baguma et al., 2010; Thomas et al., 2014). Although in both cases, the 
number of researches has increased in recent years. The cost of RWH systems is usually 
perceived as being high, but the economic analysis usually fails to consider life cycle 
costs and various positive externalities (Batchelor et al., 2011). In this sense, Domènech 
et al. (2013) argue that governments may be reluctant to promote this technology because 
of the uncertainty about the users’ ability to manage the system appropriately and the 
associated health risks. 



   

 

   

   
 

   

   

 

   

    Rainwater harvesting in urban areas of developed countries 465    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

5 Conclusions 

The use and the management of rainwater in urban areas of the developed world (and 
also in developing countries) could play a central role in increasing water security and 
reducing the negative impact on the environment (El-Sayed et al., 2010). Indeed, RWH 
may turn hazards (floods and polluted water) into local resources (water for certain uses). 
Nowadays, domestic RWH practices are recognised as being effective tools to improve 
the sustainability of drainage systems within the urban environment. They help limit the 
demand for drinking water (replace certain consumptive water uses), and at the same 
time, they can mitigate the generation of stormwater runoff at the source (Campisano  
et al., 2013). 

Furthermore, the future climate change scenarios, forecast that in some regions (for 
example the Mediterranean area), water resources will become scarcer due to drought 
episodes becoming more frequent and intense, whilst rainfall will be more intense and 
concentrated in time (IPCC, 2018). All these arguments mean that many countries, as 
demonstrated in this bibliometric analysis, are interested in adopting these practices. In 
relation with the principles of ‘IWRM’ and ‘the demand management approach’, RWH, 
which was once considered to be a hazard, is now thought of as a water resource, which 
can help take the pressure off the conventional water resources. 

Rainwater may be an effective alternative water solution in regions affected by water 
scarcity as shown by the large number of articles that have been written on this subject 
matter. Its many benefits and affordable costs (Liuzzo et al., 2016) or its use in both 
indoor (for example, in toilets) and outdoor (watering the garden) uses that require lower 
quality water are recurring themes. The Spanish examples of San Cugat del Vallés 
(Vallès-Casas et al., 2016) or the city of Alicante (Morote and Hernández, 2017) are 
representative. This is the example of the European Mediterranean. One of the areas that 
is most at risk of water shortage, mainly due to the growth of the urban population and 
the development of different economic activities, such as tourism and irrigated areas, 
which is made even worse with the effects of global climate change. Finally, it is 
important to assess the importance of unconventional water in responding to when the 
consequences of the climate change one of the biggest challenges to societies on a global 
scale (IPCC, 2014, 2018). 
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