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Rainwater harvesting as source control option to reduce
roof runoff peaks to downstream drainage systems
Alberto Campisano and Carlo Modica

ABSTRACT
The objective of the paper is to evaluate the potential of tank-based rainwater harvesting systems in
free standing houses as the source control method to mitigate peak roof runoff due to rainfall in
urban areas. To this aim, the water balance simulation of the rainwater tank was carried out using
both high resolution rainfall series and toilet water demand data extracted from the database of
results built in a previous ﬁeld campaign involving six experimental households in southern Italy.
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Simulations show that signiﬁcant potential for runoff peak reduction exists, basically depending on
the rainwater tank size and on the characteristics of the water demand in the house.
Key words
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LIST OF SYMBOLS
A

INTRODUCTION

effective impervious area of the rooftop [m2]
2

Atot

total rooftop area [m ]

d

demand fraction [–]

For centuries, rainwater has been harvested and stored in
cisterns and tanks to support human water use. Recently,
especially in the context of urban settlements, systems for

3

Dd

average daily toilet water demand [m ]

domestic rainwater harvesting (RWH) have been gaining

Dt

toilet water demand at time t [m3]

impetus in both developed and developing countries as a

EPR

peak retention efﬁciency [%]

complementary supply source to save fresh water (Cook

φ

rooftop runoff coefﬁcient [–]

et al. ).

QDpeak volume discharged as overﬂow from the storage

Implementation of RWH systems in buildings normally

tank at peak time [m3]

requires setting up tanks of appropriate size to store rain-

QDt

tank overﬂow discharge volume at time t [m3]

water collected from rooftops or terraces. Once subjected

Qt

inﬂow volume to the tank at time step t [m3]

to treatment to eliminate pathogens and heavy metals,

3

Rd

average daily rainfall [m ]

stored rainwater is used locally for both internal and exter-

Rpeak

rainfall at peak time [m]

nal non-potable consumption (i.e., toilet ﬂushing, garden

Rt

collected rainfall at time step t [m]

irrigation, terrace cleaning, etc.).

S

tank storage capacity [m3]

Several studies have been carried out in various

s

storage fraction [–]

countries over the years to analyze the performance of

t

time step [s]

rain water tanks in free standing houses (Chilton et al.

Yt

yielded volume of rainwater from the storage tank

; Zaizen et al. ; Glist ; Kus et al. ; Ward

at time t [m3]

et al. ). Many of them took into consideration the
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house indoor rainwater demand for toilet ﬂushing since, in

system water saving performance. However, increased simu-

most of the cases, this demand represents a very important

lation time resolution (at least the hourly time scale) is

component of the household water consumption and does

required if the aim of the analysis is to evaluate the tank

not necessarily require high water quality requisites.

potential to reduce runoff volumes to the downstream

Existing studies agree in indicating that RWH systems

stormwater drainage system.

may provide a relatively high performance in terms of

The evaluation of the retention potential of rainwater

water saving (saved fresh water from mains in the house).

tanks to reduce peak roof runoff is the objective of the pre-

However, performance is markedly inﬂuenced by site-

sent paper. The evaluation required increasing the temporal

speciﬁc variables, i.e., the local rainfall pattern, the roof

resolution of the analysis through the adoption of very small

type and surface area, the tank size, the demand for rain-

time steps for rainfall data acquisition, for water demand

water, the number of people belonging to the household, etc.

estimation, and for model simulations. Then, increased com-

At the same time, in several cases, rainwater tanks have

putational efforts were sustained, notably due to the need of

been recognized also as a method to mitigate environmental

treating extended rainfall data sets and to set up appropriate

impacts of urbanization on stormwater drainage systems and

methods to decompose water demand data that are nor-

receiving water bodies (Zhang et al. ; Burns et al. ;

mally available as aggregated records.

Campisano & Modica ). The extensive implementation

Data regarding water consumption recorded at six pilot

of rainwater tanks throughout urban catchments may signiﬁ-

households in the south of Italy acquired during a previous

cantly increase their diffuse retention potential and help in

ﬁeld monitoring campaign (Campisano & Modica )

reducing frequency, volume and peaks of stormwater runoff

were considered for the present study. The procedure by

conveyed into the urban drainage network (Gerolin et al.

Campisano & Modica () was customized for appropriate

; Petrucci et al. ; Burns et al. ). Speciﬁcally,

downscaling of ﬁeld observed data in order to derive syn-

RWH operates as a storage-based source control solution:

thetic series of water demands at the toilet at the

during rain events, part of the rainfall is intercepted and

resolution time scale of 1 minute. The obtained water

stored by the rainwater tank with the effect of reducing the

demand series, together with the rainfall data series at the

surface runoff component. Differently from traditional storm-

same time scale, were used to simulate the tank water bal-

water tanks, the size of RWH tanks is normally much smaller

ance and to evaluate the reduction of the roof runoff peak

and also the obtained water abstraction is demand-driven

potentially conveyed to the downstream system. A dimen-

(Petrucci et al. ) with demand magnitude and patterns

sionless approach was adopted for the generalization of

affecting the tank design and efﬁciency (Mitchell et al. ).

the results and a novel parameter indicator was proposed

Multiple beneﬁts of RWH tanks have been numerically

to measure the tank efﬁciency to reduce the runoff peak.

analyzed by many researchers based on the long-term water
balance simulation of the tank (Ghisi & Ferreira ;
Mitchell et al. ; Brodie ; Campisano & Modica

METHODS

; Campisano et al. ). Simulation schemes used for
such analyses are normally based on considering rainfall

The RWH system scheme considered for the analysis is

and household water demand as tank inﬂow and outﬂow,

shown in Figure 1. The scheme provides for the collection

respectively.

of rainwater falling on the building roof. The rainwater is

Very recently, Campisano & Modica () have investi-

temporarily stored within the rainwater tank that is

gated how the model setup may affect the results of the

equipped with a dedicated piping system (disconnected

simulations (and then the correct estimation of the tank

from the mains) allowing the supply of rainwater to the

design/reliability) with speciﬁc reference to the proper resol-

toilet cistern. The toilet is assumed to use primarily the

ution time scale to adopt for simulations. Results of the

water accumulated into the rainwater tank, i.e., the water

investigation show that the daily time step resolution can

from the mains is sourced to the toilet only in the case

be properly adopted for a correct evaluation of the RWH

that the tank is empty.
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1-minute time step for the analysis of peak runoff reduction.
In the ﬁrst phase, the series of daily demands for toilet ﬂushing over the year is generated, i.e., the number of daily toilet
ﬂushes (per capita) occurring in the house during each of
the 365 days of the year. To this aim, data on the users’
habits concerning both the daily frequency of toilet use and
the number of users present at each of the six houses during
the day are examined. In particular, total ﬂushes occurring
during each day of the monitoring period are obtained, and
daily per capita toilet ﬂushes are calculated based on the
user presence at home. A normal cumulative distribution
function (CDF) is ﬁtted to obtained values. The CDF is
assumed to represent the toilet use daily pattern for the
Figure 1

|

Schematic of the domestic rainwater harvesting system. R is the rainfall, A is
the effective rooftop area for rainwater collection, Y is the yield from the
rainwater tank, QD is the overﬂow, V is the volume in store.

whole year (here referred to as the daily demand pattern).
Then, random selection by the CDF is used to generate the
synthetic series of 365 daily values of (per capita) toilet

The procedure adopted for simulations consists of three
basic steps aimed: (1) at evaluating the rainwater inﬂow to
the tank; (2) at estimating the house rainwater demand pattern; and (3) at simulating the tank water balance.

ﬂushes for all the days of the year. To evaluate the total
daily number of ﬂushes in the house, the obtained values
are multiplied for the daily number of household users.
The second phase of the procedure allows for scaling the
toilet use daily pattern down to the 1-minute time step resolution. The procedure allows the 1-minute sub-hourly pattern

Inﬂow to the tank

of the toilet use frequency starting from the observed daily
pattern to be deﬁned. In particular, for the required time

As for the evaluation of the inﬂow, the tank is considered to
be ﬁlled exclusively by the rainwater which falls on the roof-

scale, each day of the period of observation was analyzed
separately and each monitored ﬂush event was labeled

top of the building. Assuming the rainfall to be constant

according to its time of occurrence (hour and minute) in

within each computational time interval t (equal to 1

the day. Flushes during the day are then chronologically

minute for this analysis) and neglecting the lag effect due

aggregated using a 1-minute time interval. Then, the pro-

to rainfall–runoff transformation over the roof, the volume

cedure by Campisano & Modica () was adopted which

of rainwater conveyed to the tank is calculated as:

required the ‘overlap’ of the obtained daily chronological

Qt ¼ φ  Rt  Atot ¼ Rt  A

series of aggregated ﬂushes (one for each of the days of
(1)

where Qt [m3] is the inﬂow volume supplied to the tank at
time step t; φ[-] is the runoff coefﬁcient; Atot [m2] is the total
rooftop area for rainwater collection connected to the tank;
A ¼ φ  Atot [m2] is the effective impervious area of the rooftop; and Rt [m] is the collected rainfall at time step t.

the monitoring period) in order to cumulate ﬂushes falling
within the same minute time step of the various days. Data
are then normalized to the total number of ﬂushes observed
during the whole monitoring period and a cumulated relative frequency distribution of the toilet use during the day
at the selected scale is obtained. Random picks (in number
equal to the household daily ﬂushes resulting from phase
one) are ﬁnally sampled out by the cumulated frequency dis-

Tank outﬂow due to toilet demand

tribution to determine the daytime minute to be assigned to
each ﬂush. The procedure is arrested when the complete

The two-phase procedure by Campisano & Modica () was

synthetic series of toilet ﬂushes (over the whole year) is

here customized to determine toilet demand series at a

generated.
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values of demand fraction (d ¼ 0.5; d ¼ 1.0; d ¼ 2.0; d ¼

Water balances

4.0) were assumed while six values of storage fraction
The method used to track the tank water balance is based on

were used, with s equal to 1, 2, 3, 5, 10, and 20, respectively.

the yield-after-spillage algorithm as tank release rule ( Jen-

In principle, as d and s are deﬁned at the daily scale (i.e.,

kins et al. ). This algorithm is simple to implement

Dd and Rd are daily values), the selection of their value is

and it has been widely used in the literature to evaluate

irrespective of water demand and rainfall temporal distri-

RWH system performance under a large spectrum of

bution during the day. The inﬂuence of such distribution

conditions.

was taken into account directly at the time that detailed rain-

To evaluate properly the performance of the tank to
reduce roof runoff peaks conveyed to the downstream
drainage system, a new parameter of tank efﬁciency is
introduced:

EPR



QD peak
 100
¼ 1
A  R peak

For the evaluation of EPR from simulations, the rainfall
minimum antecedent dry weather period of 1 hour.

(2)

as overﬂow from the storage tank and the rainfall at respective peak times. Equation (2) shows EPR [%] to provide a
measure of how much the storage tank is able to reduce/
retain the runoff peak associated with the precipitation
event. EPR is evaluated separately for each individual event
of the simulation.
To produce results that may be used for more general
evaluations, the tank efﬁciency was explored by following
a non-dimensional approach. In particular, two dimensionless parameters, namely, the demand fraction d and the
storage fraction s have been taken into account:
Dd
;
A  Rd

balance simulation of the tank.
events were assumed to be independent if they showed a

where QD peak [m3] and Rpeak [m] are the volume discharged

d¼

fall and water demand patterns were used for the water

s¼

S
A  Rd

USED DATA
Precipitation
Rainfall data for the investigation were provided by the Sicilian Agro-meteorological Service (SIAS) and consist of the
series of precipitation recorded at the rainfall gauging
station of Catania S. F. La Rena, located on the east coast
of Sicily close to Catania International Airport at an
elevation of about 3 m above sea level.
The selected gauge has operated remotely since the year
2002. The average annual precipitation is 682 mm, with concentration of rainfall during the period September to
February (see Figure 2).

(3)

Very recently, the gauging station has been updated to
provide rainfall measurements with time resolution of 1

with Dd and Rd being the average (in the year) daily values
of toilet water demand and rainfall, respectively, and S [m3]

minute and accuracy of 0.2 mm. A complete 1-year data

being the tank size (storage capacity).
The use of such parameters provided the simulations to
take into account different scenarios characterized by several combinations of tank storage capacity, collecting roof
area, rain water demand, and precipitation (Fewkes &
Butler ).
Values of d and s for model simulations were selected
based on the range of values that dimensional variables
Dd, Rd, A, and S assume in the practical application. In particular, according to Fewkes & Butler (), various
demand and storage scenarios were considered. Four

Downloaded from https://iwaponline.com/jh/article-pdf/18/1/23/389026/jh0180023.pdf
by guest

Figure 2

|

Monthly distribution of observed rainfall at the considered rain station.
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set (from 18 April 2013 to 17 April 2014) of precipitation

use was carried out using speciﬁc electric sensors equipped

records has been made available by SIAS and was here

with a data logger able to record the time instant of the toilet

taken into account for the simulations. During the period

ﬂush with an accuracy of 1 seconds for the whole monitor-

the total observed precipitation was 481.6 mm, showing

ing period. For simplicity, the toilet cistern was assumed to

the year to be relatively dry if compared to the average

be reﬁlled instantaneously after the ﬂush.
A description of the households’ characteristics is

annual value.
Rainfall depths at a time step of 1 minute for the whole

detailed in Campisano & Modica () together with the

year (and the respective inﬂow volumes Qt to the tank)

procedures followed to monitor consumption at each of

resulted in a series of 525,600 records.

the six households. The main results of the toilet demand
monitoring campaign for the six households are summarized in Table 1.

Water demand

To increase the size of the sample (and increase the stat-

Data concerning water demand were extracted by the database using the results of a monitoring campaign conducted
by the authors during the year 2006 in six Sicilian households. During that ﬁeld campaign, the toilet water use
pattern of the six households was monitored for a 2-week
period each. The acquisition of data concerning the toilet

istical signiﬁcance of ﬁnal results) the data regarding the
toilet demand for all the six households were grouped
together, resulting in a virtual ‘average’ household. The
described procedure was applied to such an ‘average’ household to generate the water demand series of the toilet at the
1-minute time scale.
The normal CDF used to ﬁt the observed data of
the ‘average’ household at the daily scale is plotted in

Table 1

|

Main results of the monitoring campaign for the six households

Figure 3(a), together with the cumulated frequency of the
observed per capita daily ﬂushes (14 daily data for the

Total ﬂushes during the 2

Average daily ﬂushes (ﬂushes/

Household

weeks

day/capita)

2-week period for each of the six households) that shows

1

226

3.8

mean 4.69 ﬂushes/day/capita and standard deviation 1.48

2

143

4.2

ﬂushes/day/capita. An analysis of residuals to test the ﬁtness

3

311

6.3

of the CDF function to the measured data indicated a value

4

186

5.2

of the root mean square error (RMSE) equal to 0.33 ﬂushes/

5

345

4.9

capita/day and a normalized RMSE equal to 0.0698.

6

129

3.8

According to the test results, the CDF was then used to gen-

Figure 3

|

erate the synthetic series of the number of daily toilet ﬂushes

(a) Fitted normal CDF to observed daily ﬂush frequency; (b) cumulated relative frequency distribution of toilet use during the day.
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for the whole year (by randomly picking 365 times from the

(total rainfall 4.8 mm, duration 11 minutes) are reported

CDF).

for d ¼ 1 and s ¼ 0.5. The event shows peak intensity of

Then, recorded data were aggregated to determine the

1.2 mm/min (72 mm/h) at hour 14:16. At the beginning of

detailed intra-daily pattern of the frequency of use of the

the event, the tank was empty. The ﬁgure clearly shows

toilet for the ‘average’ household. The resulting cumulative

that the rainwater tank basically provides an initial abstrac-

frequency distribution for the 1-minute time step is plotted

tion of volume from the rainfall event up to the achievement

in the graph of Figure 3(b) and shows how ﬂushes are dis-

(at hour 14:15) of the condition of tank full (the tank reten-

tributed (on average for the 2 weeks of records) during the

tion capacity is reached). At that time, in fact, overﬂows

24 hours for the considered ‘average’ household.

from the tank start to occur. No rainfall reduction could

The obtained intra-daily pattern of toilet use is found to

be observed at peak time.

be very similar to patterns reported in other studies from the

Results of the simulation of the same event for d ¼ 1 and

literature (Garcia et al. ; Blokker et al. ), with toilet

s ¼ 1 (tank size is doubled compared to the previous case)

use being mainly concentrated during early morning after

are reported in Figure 4(b). Overﬂows from the tank in

the occupants awake (hours 7:00–8:00), and at night

this case are delayed to hour 14:16 due to the increased

before going to sleep (hours 20:00–22:00).

retention capacity of the tank and, as a consequence, to a

According to the procedure, the distribution in Figure 3(b)

different succession of tank ﬁlling–emptying processes.

was used to determine the series of the times (the minute) of

More interestingly, the ﬁgure shows that the tank also has

occurrence of each toilet ﬂush during the day for the whole

a positive effect on the reduction of the resulting runoff

year of simulation.

peak from 1.2 mm/min to about 1.05 mm/min (i.e., EPR ¼
12.5%).
Continuous simulation of the tank water balance for the

RESULTS OF THE SIMULATIONS AND DISCUSSION

entire year was carried out. As already found by Gerolin
et al. (), the effect of peak roof runoff reduction was

Analysis of the overﬂow component from the water balance

observed to occur for a number of rainfall events (over a

simulation of the tank allowed the investigation of the tank

total of 71 independent events), depending on the character-

behavior with regard to its stormwater retention perform-

istics of each event (i.e., the position of the peak within the

ance at the peak condition.

event) and of the tank (size, pre-event ﬁlling condition). A

To show the behavior of the tank during rain events at

frequency analysis was conducted to evaluate the frequency

the selected time scale, in Figure 4(a) the results of the

of exceedance of the events characterized by speciﬁc EPR

tank simulation during the event of 22 February 2014

values.

Figure 4

|

Water balance simulation of the event of 22 February 2014: (a) simulation for d ¼ 1 and s ¼ 0.5; (b) simulation for d ¼ 1 and s ¼ 1.
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reduction may be obtained, but also a signiﬁcant number
of events with runoff peak being totally abated.

the curves of the tank peak retention efﬁciency EPR as a

Differently, for the other values of EPR, the curves

function of the cumulated relative frequency (of excee-

decrease monotonically showing smaller derivatives and

dance) of rainfall events in the year. The plotted curves

pointing out a relatively limited number of events (for any

are exempliﬁcative of the condition for which the household

condition in the order of 10–20% of the total events)

is made by one user only (to discuss per capita results) and

having peak reduction efﬁciency between 0 and 1.

are relative to the different selected values of s. The graphs

It is worth noting that curves show steps for speciﬁc

show results for d ¼ 0.5, d ¼ 1.0, d ¼ 2.0, and d ¼ 4.0,

values of EPR (more evidently for EPR ¼ 0.5 and for larger

respectively.

values of d ). This result was observed to depend on the pre-

The curves show abrupt drop (almost vertical) at the two

cision of the used rainfall data (which are available as

boundary values of EPR (close to 0 and close to 1), respect-

multiple values of 0.2 mm) and on the chosen simulation

ively. As expected, this behavior conﬁrms that there is a

time step. In fact, as the tank achieves its maximum capacity

relatively large number of events for which no peak

S, it starts to produce overﬂows which are also multiple

Figure 5

|

Tank peak retention efﬁciency as a function of the cumulated relative frequency of rainfall events in the year. The household is assumed to host one person. (a) d ¼ 0.5; (b) d ¼
1.0; (c) d ¼ 2.0; (d) d ¼ 4.0.
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values of 0.2 mm, so that the values of EPR constitute a series

A speciﬁc analysis was carried out to analyze the

of discrete numbers in which the more frequent value is 0.5.

number and average magnitude of the events that are

Looking globally to the graphs, the events for which the

characterized by EPR ¼ 0 and EPR ¼ 1. Table 2 summarizes

tank does not provide any reduction of the peak (EPR ¼ 0)

results of this analysis for the demand scenario d ¼ 1, as

strictly depend on s and d values. As expected, increased

an example. The number of events N for which EPR ¼ 0 is

EPR values are obtained for increasing values of s. For

observed to decrease monotonically from 57 (80% from 71

instance, Figure 5(b) (for d ¼ 1.0) shows 80%, 52%,

in total) to 22 (31%) as the storage fraction s increases

and 24% of the events having no peak reduction at all for

from 1 to 10 (i.e., as the tank size increases). For the same

s ¼ 1, s ¼ 5, and s ¼ 20, respectively. However, the same

reason, the number of events with EPR ¼ 1 increases from

graph shows also at least 5%, 40%, and 72% of the events

5 (7%) to 44 (62%). These results are consistent with those

having EPR ¼ 1, for s ¼ 1, s ¼ 5, and s ¼ 20, respectively.

obtained by Gerolin et al. () for a rainfall series with

Moreover, the more the demand d for toilet is, the

characteristics very different from those used in this paper.

higher is the reduction of the runoff peak due to the augmen-

In particular, according to the authors, the top 30 events

ted storage availability within the tank. For example, for a

of the rainfall series of Greenwich, UK showed the tank

typical tank size value s ¼ 5, the curves of the four presented

(estimated s ¼ 26 and d ¼ 1.3) to provide EPR ¼ 0 and

diagrams show peak reductions in the range 30–68% for at

EPR ¼ 1 for 44% and 6% of the events, respectively.

least 50% of the events depending on the value considered
for d.

Table 2 also reports results in terms of average magnitude of the runoff peak of the event basically showing that

The two graphs of Figure 6 show the analogous results

events for which the full reduction of the runoff peak is

(for d ¼ 1.0 and d ¼ 2.0) when water balance simulations

obtained (EPR ¼ 1) are characterized by average peak of

are run assuming input series of toilet ﬂushing demand

14.4 mm/h to 22.9 mm/h as the storage fraction increases

being generated by considering the presence of four people

from s ¼ 1 to s ¼ 10. At the same time, events without any

in the house. As expected, due to the non-dimensional

peak reduction (EPR ¼ 0) are characterized by average

approach used, the effect of increasing the number of

peak of 23.1–30.5 mm/h.

users in the house is almost negligible with curves almost

Importantly, the table indicates, as expected, that the

overlapping those of Figure 5, except for curves generated

events associated with EPR ¼ 1 are typically characterized

for the small tank size (s ¼ 1).

by minor peak runoff values rather than those associated

Figure 6

|

Tank peak retention efﬁciency as a function of the cumulated relative frequency of rainfall events in the year. The household is assumed to host four people. (a) d ¼ 1.0; (b) d ¼
2.0.
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s¼1
N (-)

hav (mm/h)

s¼3
N (-)

hav (mm/h)

s ¼ 10
N (-)
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water demand at the toilet (1-minute time step), as input
for the water balance model.

hav (mm/h)

Data concerning

toilet

water

consumption

were

EPR ¼ 0

57

23.1

45

23.3

22

30.5

extracted from the database of results of an experimental

EPR ¼ 1

5

14.4

16

18.7

44

22.9

campaign involving six households in southern Italy. The
procedure proposed by Campisano & Modica () for
the analysis of volumetric retention potential of RWH

with EPR ¼ 0. In other words, only minor rainfall events are

tanks was customized to disaggregate available daily

characterized by the full runoff peak abatement.

demand data to the 1-minute time scale for the speciﬁc

Results of the simulations were obtained by assuming

analysis of the peak runoff reduction.

the instantaneous reﬁll of the toilet cistern with rainwater

The simulations were run using a dimensionless

after the ﬂush has occurred. This modeling hypothesis pro-

approach and showed the used time step to be appropriate

vides some tank outﬂows attributed to certain time steps

for peak runoff analysis. Speciﬁcally, results showed that sig-

to be partially shifted to the successive time step of the simu-

niﬁcant reduction of the peak may be obtained basically

lation. However, the resulting error can be neglected

depending on the tank size and on the household water

considering that the used time step of 1 minute is short

demand patterns. In particular, for a typical tank size

enough when compared to the duration length of the

characterized by storage fraction s ¼ 5, results showed

measured rainfall events.

peak reductions in the range 30–68% for at least 50% of

A limitation of the study is that the results discussed are

the events depending on the demand fraction value.

obtained for a relatively dry 1-year period. According to

The tanks were demonstrated to have the potential to

Campisano & Modica (), this would result in an

fully capture the peak for a signiﬁcant number of rainfall

improved performance of the rainwater tank in terms of

events in the year (for the examined year). However, such

retained rain volumes. To assume the analogous tank per-

rainfall corresponds to the events of the year characterized

formance in terms of runoff peak reduction is questionable

by relatively small peaks of intensity (from about 15–

and would require the analysis of the results of a long-term

23 mm/h depending on the tank size and for demand frac-

simulation over an appropriate number of years.

tion d ¼ 1).

The used approach allowed estimation of the beneﬁt of

Results have been obtained for a relatively dry 1-year

using rainwater tanks for peak roof runoff reduction in the

period. The generalization of the results would require the

case of free standing buildings. The results of the analysis

simulation of the system for a period of many years.

may constitute support for successive investigations aiming

Together with traditional water saving purposes, results

at the evaluation of the potential for diffuse retention

of the investigation open the discussion on using tank-based

capacity at block and/or catchment scales. In these cases,

RWH as source control method to increase distributed

the results of the analysis would need strict integration

retention in urban catchments and reduce runoff peak to

with appropriate urban drainage modeling approaches.

the downstream drainage system. In this context, results
may constitute support for successive investigations aiming
at the evaluation of the potential for diffuse retention

CONCLUSIONS

capacity at block and/or catchment scales.

In this paper, the retention potential for roof runoff peak
reduction of tank-based rainwater harvesting systems was
explored for single household systems.
According to the aim of the analysis, water balance
simulations were carried out using appropriate high temporal resolution sets of data of rainfall and household
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