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Abstract: Rainwater harvesting (RWH) is generally perceived as a promising cost-effective alternative
water resource for potable and non-potable uses (water augmentation) and for reducing flood risks.
The performance of RWH systems has been evaluated for various purposes over the past few decades.
These systems certainly provide economic, environmental, and technological benefits of water uses.
However, regarding RWH just as an effective alternative water supply to deal with the water scarcity
is a mistake. The present communication advocates for a systematic RWH and partial infiltration
wherever and whenever rain falls. By doing so, the detrimental effects of flooding are reduced,
groundwater is recharged, water for agriculture and livestock is stored, and conventional water
sources are saved. In other words, RWH should be at the heart of water management worldwide.
The realization of this goal is easy even under low-resource situations, as infiltration pits and small
dams can be constructed with local skills and materials.

Keywords: infiltration pits; Kilimanjaro concept; rainwater harvesting; storage tank; water management

1. Introduction

In 2015, the United Nations (UN) Sustainable Development Goals (SDGs) were
adopted to substantially improve the human well-being by 2030 [1,2]. The UN SDGs
consist of 17 goals, of which two focus explicitly on water: (i) Goal 6, “Ensure availability
and sustainable management of water and sanitation for all”, and (ii) Goal 14, “Conserve
and sustainably use the oceans, seas and marine resources for sustainable development”.
Both goals call for: (i) avoiding water pollution, (ii) improving and/or restoring water
quality, and (iii) protecting and /or restoring water-related ecosystems worldwide. This
implies a reconsideration of water management at all scales, including household, small
community, city, and national and international levels. With such an approach, enhancing
groundwater recharge and reducing aquatic pollution start at household level, with each
individual world citizen being involved, including those living in the slums of Durban
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(South Africa) and even in the best squares of Peking (China). Given the timeframe of
only 10 years (2021-2030), progress towards fulfilling the two named SDGs requires that
existing knowledge is effectively translated into practical solutions within this short time
period [2—4].

Existing knowledge is not only scholarly, but also includes indigenous knowledge
systems that have served communities long before formal scientific knowledge [5-9]. To
recall this, the German word for science will be analyzed. Science is called Wissenschaft
and is composed of “Wissen” (knowledge) and “schaffen” (to create). In other words,
according to the German way of thinking, science is the “art to create knowledge”. This
communication advocates for the use of both indigenous and scholarly knowledge to boost
and fast-track the achievement of both Goal 6 and Goal 14 of the SDGs. Clearly, it is about
locally applying existing knowledge for: (i) making water available, (ii) avoiding water
pollution, (iii) treating polluted water, (iv) harvesting, storing and infiltrating rainwater,
and (v) gravity transporting the water in channels from the point of generation to the point
of use (or treatment). Starting water management at the local level implies, for instance,
that rainwater should be used where and when it falls [5], and not only be reused or
managed where it is posing human health risks and disasters (e.g., generating floods) [3,10].
For example, harvesting and using rainwater in the hills of the highlands of Ethiopia
immediately contribute to mitigating flooding in the Nile Valley in Egypt.

The present communication is focused on rainwater harvesting (RWH). It is considered
that by using available water treatment technologies, and adsorption in particular, water
and wastewater can be effectively treated everywhere and in an affordable decentralized
manner [11-16]. Such affordable technologies for safe drinking water provision include
filtration on beds filled with biochar [14,15] and metallic iron [16]. This implies that RWH
should be regarded as a stand-alone technology for water supply, including safe drinking
water provision. Clearly, this communication is not discussing whether rainwater (RW)
is used as source of potable water or not, because RW is far cleaner than many other
natural sources (e.g., lakes, rivers, wells), and can thus always be treated to meet drinking
quality [3,17-22].

The objective of this communication is to demonstrate that despite the broad applica-
tion of RWH worldwide, rainwater is still an underestimated and thus under exploited
“help from above” [18,23,24] in integrated water management. RWH is acknowledged
as an option for decentralized water provision, but debates exist about its benefits and
costs [25,26]. Moreover, even in developed countries, there are still doubts about its rele-
vance, mainly because the way of supplying water in many of these countries is based on a
centralized infrastructure and a single use of water [27,28]. This centralized option results
from a major historical development: RW has been downgraded to a disturbing resource
or nuisance, augmenting the volume of greywater and causing/intensifying flooding [3].
Accordingly, channeling RW as quickly as possible to the next water course via drainage
systems has been a noble objective for several decades [29]. A U-turn is now necessary to
use the huge potential of RWH in integrated water management on a global scale [3,20,21].

The paper is organized as follows: Section 2 presents an overview on the current
status of RWH in the literature, Section 3 introduces a new theory to manage rainwater,
Section 4 answers the question whether or not RWH can globally address the issue of water
scarcity, and finally, Section 5 presents concluding remarks.

2. The Status of RWH in the Scientific Literature

The current status of RWH is directly related to the development of European cities
during the 19th century [29-31]. The outbreaks of water-borne diseases (e.g., cholera) had
motivated the introduction of centralized wastewater management systems [30-33], and
since then, rainwater is mostly regarded as disturbing factor for water management [29,31].
This view dominates the scientific literature on water management which can be regarded
as the “extended” science of European urbanization, or the conventional or dominant
paradigm. In this paradigm, everything else including indigenous knowledge systems on



Sustainability 2021, 13, 8338

30f9

rainwater management is regarded as an alternative and not always part of the mainstream
science [5,8,28].

Prior to the 1950s, the main sources of water supply were local, and included surface
water, groundwater, and rainwater [3,5]. As the size of the cities grew and urban areas
became populated, the concentration of human and animal feces in urban areas resulted
in the contamination of surface waters and the outbreaks of devastating diseases such
as cholera and typhoid fever. The solution to these unhealthy conditions involved the
provision of piped water supply and the construction of a sewage network to evacuate
human feces. As cities continually grew, more water was needed and distant water sources
were sought and large-scale infrastructures were built [3,5]. Local water sources, including
rainwater, were progressively abandoned and scientifically justified to the extent that today,
there are efforts to pipe distant waters for centralized water supply in scattered small
communities (non-densely populated) [14-16]. It is in this effort that decentralized safe
water management arose as a novelty, mostly using so-called low-technology solutions.

Similar to water management, there is a recent global trend to decentralize the supply
of energy (e.g., gas, electricity, oil) and telecommunication systems [28,32]. In this effort,
technology transfer from developed countries to developing countries is expected to play
a key role [2,34]. The decentralization of telecommunications in terms of decentralized
finance and mobile phones can be regarded as already accomplished [35,36]. The decentral-
ization of energy and water supply is far from accomplished, and the lack of appropriate
technologies is certainly a key issue [34,37,38]. However, while special skills are required
to transform all kinds of energetic raw materials (e.g., coal, sun, water) to electricity, water
is available everywhere and sometimes already of drinking quality [33,39]. Moreover,
affordable safe drinking water technologies (e.g., filtration on biochar and metallic iron)
have been developed and used for decades [12,14-16,40,41]. Interested readers are referred
to Kearns et al. [14,16] or Yang et al. [15], who give an excellent overview on the state-of-
the-art knowledge on treating natural water using biochar and metallic iron, respectively.
Therefore, the achievement of universal access to safe drinking water (Goal 6.1) through
decentralized drinking water provision should be an easy task [16,41]. All what is needed
is to revisit the approach, and the status of local water sources such as rainwater. It should
be avoided that rainwater totally becomes stormwater (Figure 1). In other words, there is a
need to both theorize and operationalize the management of rainwater.
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Figure 1. The simplified hydrological cycle depicting the main water reservoirs (groundwater,
sea, soil) and the flow of water through the system (evaporation, infiltration, rainwater, runoff,
groundwater recharge via deep percolation).
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Banerji and Chaudhari [42,43] summarized the selection criteria for the suitability of
technologies for decentralized safe drinking water supply as follows: (i) simple to operate
(no special skilled personnel required), (ii) robust (gives consistent performance), (iii) low
cost or affordable for villagers with low average incomes, (iv) able to function without
electricity, (v) based on local resources and skills, and (vi) accessible to community and
women’s groups or the village elders. These criteria conventionally guide the selection of
technologies to treat water made available from lakes, streams, rivers, springs, or wells.
These water sources are usually more polluted than rainwater [21] that can be harvested
and stored locally, even at a household level. In other words, it is not only about treating
water in decentralized manner, but first locally making water available.

Increasing urbanization results in the removal of vegetation and the expansion of
impermeable surfaces (including buildings, roads). The net result is an enhanced volume
of runoff (e.g., increase soil erosion and flooding risks) and a reduced infiltration (e.g., less
groundwater recharge) [3,44,45]. Because climate change will impact rainfall patterns, the
need to maintain a sustainable water supply in future has motivated the development
of new water management strategies in which recycling and reusing stormwater are key
issues [46]. At least three different strategies have been developed to increase rainwater
storage: (i) sponge city (China) [47,48], (ii) sustainable urban drainage systems (SUDS)
(UK) [49], (iii) and low-impact development (LID) (USA) [10,26]. Interested readers are re-
ferred to Zabidi et al. [26], who give an excellent overview on the state-of-the-art knowledge
on rainwater management. The same authors insist on the importance of ensuring water
security in Sustainable Urban Drainage Systems (SUDS) by including a range of drainage
techniques and devices. Related systems allow pollution mitigation, runoff attenuation,
and water channeling to detention basins, infiltration trenches, treatment stations, and
wetlands. However, the reasoning is still centered on urban areas and is thus not really
holistic or universally applicable because it excludes rural areas and informal settlements
such as slums and refugee camps. As Figure 1 presents rainwater as the source of all waters
on earth, a truly holistic rainwater management should be applicable everywhere and
address means to delay or minimize surface runoff, and increase water infiltration. It is
recalled that surface runoff feeds rivers and water bodies supporting essential ecosystems.
It is certain that the best infrastructures for RWH should not totally eliminate surface runoff.
The aim of this concept is to mitigate flooding by maximizing the harvesting of surface
runoff for eventual controlled infiltration [3].

3. The True Value of Rainfall
3.1. The History of RWH

RWH systems are designed and operated to collect, store, and use rainwater as a
primary or supplementary water source. RWH systems are known in all cultures, and
the simplest systems are easy to construct, operate, and maintain [3,5,50-53]. For a given
climatic condition, the harvested water volume depends on the rainfall characteristics,
catchment area, and the storage capacity of the artificial or natural reservoir [50,52]. Tradi-
tional RWH has the ability to operate independently of central water supply systems at
a household level, but systems operating at the community and regional level are well-
known [8,22]. This communication focuses on small-scale rainwater harvesting systems
using rainwater collected primarily in individual compounds for use by the land’s occu-
pants or owners. The rationale is that each land’s occupant is a critical part of the puzzle in
the effort for systematic water management based on RWH.

RWH has a very long history, which is reviewed in detail for India by Pandey et al. [5].
The basic design of a community RWH system involves a large rock formed into a basin,
with clay and rocks to seal it from leaking. Then, varying diversion tools are used to channel
rainwater to the basin and stored water is used for agriculture, drinking, livestock watering,
washing, and other household and productive uses. Gould and Nissen-Petersen [52] give
examples of systems dating back to 2000 BC in Egypt, India, and Israel (Negev desert).
Examples of household and community rainwater harvesting systems are found in almost
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all regions of the world [8,22,50-52]. According to Figure 1, flooding water is non-harvested
(and non-infiltrated) rainwater and was already exploited in ancient Egypt. In those days,
an annual 4-month period of the flooded Nile supplied water for all-seasons agriculture.
Clearly, the ancient Egyptians developed skills to use irrigation canals and exploit flooding
water for agriculture. This marked the starting point for the emergence of Egyptian
civilization [54]. In other words, not knowing that flooding waters were from regions as
far as Burundian hills and Ethiopian highlands, a sustainable agricultural system was built
on their regular availability [54].

All ancient civilizations stored rainwater runoff and natural flow from hills and moun-
tains to use at community scales (e.g., individual villages and groups of villages) [4,5,8].
In some regions (e.g., the Mandara hills in Cameroon and Nigeria, in hills of Mexico),
underground reservoirs were used for collecting rainwater [3]. From the 16th century
onwards, people began to preferentially use rainwater for laundry because it is naturally
soft (low in minerals) [55]. As cities and communities were growing, the storage tanks
and cisterns increased in size and harvested water became more and more contaminated
with pathogens and suspended solids. The presence of pathogens led to the spreading of
water-borne diseases [55]. Modern analytical tools for water analysis were not yet available
and technologies to remove bacteria were lacking [56]. It is in this context that a centralized
water supply was introduced as primary source for all water needs [32]. A negative side
effect was that rainwater became a waste, augmenting urban stormwater, for example. This
paradigm is still prevailing [26,32].

3.2. RWH Today

The presentation until now can be summarized in a short statement: “downgrading
rainwater to a waste was a careless option”. The simplest proof for this is that on many
small islands and archipelagos around the world, rainfall has been the sole drinking water
source for millennia [19,57-59]. In addition, in many cases where natural water is polluted
by geogenic contaminants such as arsenic or fluoride, rainwater has been successfully
used as a safe drinking water source [3,17,18]. In several low-income communities lacking
access to centralized treated drinking water, rainwater harvested from roofs is used as the
sole source of drinking water during rainfall events. This is because surface water and
shallow groundwater sources are heavily contaminated with suspended solids and other
contaminants during such rainfall events. In other words, there is no scientific reason to
regard rainwater as a low-quality option. Even the absence of minerals in rainwater cannot
justify the exclusion of rainwater from water supply because such minerals are often present
in foods such as vegetables [55]. The improvement in the availability of water storage
infrastructures [3,22] and the availability of affordable water treatment technologies [14-16]
justify that RWH should be regarded as a good source of safe drinking water, not only
under unfavorable conditions [3,60].

Current issues with collecting, storing, and using rainwater are all biased because of
the century-old scholarly “knowledge” described above. This mistaken view is about to be
corrected as RWH is now emerging as an option for water supply in residential, commercial,
and agricultural applications [22,60]. This is a unique chance to cease relying on centralized
water utilities or costly boreholes [28]. However, using harvested rainwater is not just
“augmenting” water, but also saving a precious resource as local infiltration is improved
and pollution of runoff is reduced, while minimizing flooding risks and associated human
and environmental impacts [3,8]. There is no need to discuss the following issues herein:
(i) efficiency of RWH systems, (ii) challenges on controlling and monitoring related systems,
as well as (iii) reliability, resiliency, and vulnerability of RWH systems. In fact, compared
to the current paradigm, the holistic approach just optimizes water management and all
available tools will be applied on a site-specific basis. Furthermore, there are uncertainties
due to climate change such as high temporal variability of rainfall which cannot be foreseen.
Such uncertainties can be addressed by systematic rainwater harvesting, when and where
it falls.
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3.3. The Bright Future of RWH

The communication until now has demonstrated that rainwater is a valuable resource
and that its collection and use should be intensified. The impressive advances in technology
over the past decades now make likely the realization of King Parakramabahu of Sri Lanka
(12th century), who wished for the building of a massive network of rainwater harvesting
reservoirs in order to “Let no drop of water flow to the sea unused by man” [8]. Intensive RWH
programs are currently being developed in India [8] and in a few other countries such
as Ethiopia [9]. However, the perception persists as to whether this approach provides
a sustainable alternative in the modern world [8]. In the developed world, despite the
development of excellent strategies for stormwater management (e.g., LID, sponge city,
SUDS) during the past two to three decades [26], their real implementation is still suffering
from the lack of a regulatory framework [28,29]. However, as discussed herein, some
existing regulatory policies are based on wrong scientific information on rainwater quality.

It is certain that RWH does not increase the overall water availability within a basin [8].
However, using modern storage and transportation tools, the distribution of water between
upstream and downstream users as well as between socioeconomic and environmental
demands can be regulated. Moreover, harvested rainwater can be transported from one
basin to another through inter-basin transfers. The decision on where water should be
transported from and to depends on the profound understanding of the water balances
within the related basins, and on how the water resources shape the social and economic
landscape (i.e., water uses).

Finally, using Figure 1, the way the bright future of RWH can be shaped through a
number of measures as follows: (i) maximize RWH everywhere, such as through large
storage devices (measure 1), (ii) maximize groundwater recharge everywhere such as
through the construction of large infiltration systems (measure 2), (iii) minimize runoff
volume (measure 3), and (iv) channel harvested rainwater to point of use, including
water distribution tanks (measure 4) [23,24]. Measures 1 and 2 already reduce runoff, but
stormwater ponds are needed even where infiltration is impossible. In reality, such ponds
are evaporation pans, but help in avoiding/alleviating flooding.

Individually and collectively, measure 1 to 3 contribute to combat flooding, and all the
four measures together correspond to “water augmentation” with the subtle but essential
difference that treated rainwater can be piped into a central distribution network, as is
already the case on small islands [22].

This communication advocates for global solidarity in water management through
structured rainwater harvesting. The simplest and most common RWH system consists of
a gutter, a bucket, and several storage containers in a residence. This domestic rainwater
harvesting system, augmented with infiltration pits, is now to be implemented on a global
scale, on a basin- by-basin level. In each basin, RWH is maximized and direct runoff
minimized. Harvested rainwater can be infiltrated, transferred to other basins, or be locally
evaporated. In all cases, flooding risks and soil erosion are minimized.

4. Can Rainwater Harvesting Address Problems of Water Scarcity?

Aquifer depletion and groundwater salinization are global problems, and RWH is
considered to be a powerful countermeasure to address these crucial issues [20,61]. Accord-
ingly, ancient RWH technologies have been revived and new ones developed to increase
water availability by two main ways: (i) using harvested rainwater and thus limiting
groundwater abstraction, and (ii) performing artificial groundwater recharge [62]. The
hydrological cycle supports that these ancient technologies are a sustainable water man-
agement tool, even under modern socioeconomic and environmental pressures. This clear
and simple answer may be regarded as simplistic in a context where understanding and
quantifying the socioeconomic and environmental impacts associated with the installation
and operation of these systems can be regarded as lacking [8,63]. However, rainfall is
the main water source in the hydrological cycle. Considering the surface water balance
as “Rainfall = Evaporation + Infiltration + Runoff” (Figure 1) implies that the best water
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management strategy should be rooted in how to take the maximum advantage of rainfall.
In other words, wherever rain falls, affordable household and community-level water
infiltration and storage (RWH) certainly play a valuable role in alleviating water scarcity,
and thus improving food security even for small-scale farmers [3,5,8,24,64]. Accordingly,
RWH is not just one part of an integrated plan to maximize water availability, but rather
the heart of a new water management paradigm.

5. Conclusions

In ancient times, rainwater harvesting (RWH) was more common under all climatic
conditions. RWH started to decline in Europe around 1850 and this state of affairs has
been transferred elsewhere, including in China and India, where RHW has a very long
and continuous history [5,50]. The present and changing climatic conditions call for a
worldwide solidarity in avoiding water pollution and sustaining groundwater recharge
through systematic RWH and controlled infiltration. From a local perspective, the advan-
tages of RWH remain valid for small-scale farmers in semi-arid areas. However, on a small
community scale, institutional and scientific support is needed to start related new projects.
In realizing these projects, both indigenous and scholarly knowledge is needed. This paper
calls for a global cooperation between scientists and practitioners involved in rainwater
harvesting. In learning from available successes and improving them with transferrable
aspects, a high degree of sustainability might be reached. Such a level of sustainability is
similar to that which apparently existed in the past in many societies, and is regarded here
as the cornerstone for the achievement of Goals 6 and 14 of the UN SGDs.
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