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A B S T R A C T

Recently, rainwater harvesting (RWH) is gaining interest as an alternative source of safe drinking water espe-
cially in developing countries. Getting a detailed and suitable rainfall data to have a good design of RWH system
is a challenge in developing countries. In RWH system performance predictions, direct use of monthly rainfall
data may lead to considerable error instead of using daily rainfall data. This paper proposes a simple and
reasonable design method of rainwater harvesting system from available limited data like monthly rainfall data,
which can achieve negligible error and conservative predictions. A RWH model that employs the designed
rainfall which generates daily rainfall for each month with distribution of uniformly number of wet days in the
last days of month as its input gives performance predictions quite similar to that of using actual daily rainfall.

1. Introduction

Due to the rapid population growth and pollution of both ground-
water and surface waters, many communities in developing countries
are facing water shortages, with the situation expected to worsen in the
future (UNEP 2008; ADB 2011). Rainwater harvesting (RWH) has re-
gained interest as an alternative source of safe drinking water (Kim
et al., 2016; Mwamilla et al., 2015; Temesgen et al., 2015; Nguyen
et al., 2013; Ahammed and Meera, 2006). If RWH system is well de-
signed and operated, rainwater can be a potential source of drinking
water without any other treatments (Nguyen and Han, 2014; Mwenge
Kahinda et al., 2007; UNEP, 2009; Amin and Han, 2009).

Rainwater tank capacity is one of the most significant design parameters
which affect the system performance and cost. There are numerous methods
already developed for predicting the performance and tank sizing of RWH
systems. Campisano andModica (2012) reported that the feasibility of RWH
systems depends entirely on the storage tank capacity, water demand pat-
tern, rooftop area, and rainfall profile. Khastagir and Jayasuriya (2010)
developed a simple spreadsheet based daily water balance model for the
performance analysis and design of rainwater tanks. Further, Nguyen and
Han (2014) provided a method to determine daily variable demand for
optimization of RWH system performance.

Most of the analyses were performed using daily water mass balance
model. The reliance on using daily rainfall data for RWH system perfor-
mance prediction has been noted (Heggen, 1993; Thomas 2002). However,
a daily rainfall data in almost of developing countries is hardly accessed due

to its high cost and incompleteness. Meanwhile, the use of monthly rainfall
data may lead less accurate results as it is too coarse and time-averaged, but
it is of some use and quite widely available. Many researchers also found
that analysis using monthly average rainfall data overestimates the required
rainwater tank size (Imteaza et al., 2011; Zaag 2000).

In the literature review, most of daily rainfall generation models have
been developed using the popular Markov chain process (Wilks, 1998,
2006; Wilks and Wilby, 1999). Markov chain models specify the state of
each day as ‘wet’ or ‘dry’, develop a relation between the state of the current
day and the states of the preceding days, and specify daily rainfall totals by
an appropriate probability distribution. These parameters could be statisti-
cally characterized from daily records for a climatic zone. However, using
Markov chain models is too complex and not practical for areas where daily
rainfall data records are not available. Therefore it should be avoided unless
proven really beneficial. To overcome this problem, Thomas (2002) has
developed a method generating pseudo daily rainfall data from actual
monthly rainfall data which the wet days are taken to be randomly spaced.
However results may not be conservative since it is randomly. The objective
of this study is to propose a simple and reliable design method of rainwater
harvesting system with limited rainfall data by using monthly data.

2. Material and methods

2.1. Rainwater harvesting system performance determination

Fig. 1 shows a schematic of a rainwater harvesting system. It
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Fig. 1. Schematic diagram of water flow in a rainwater tank.

Fig. 2. Simulation used to determine performance of a RWH system.
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