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A B S T R A C T 

Rainwater harvesting is an ancient practice that consists in the capture and storage of rainwater for subsequent use. Its application is 

promoted as a measure for natural resources conservation. This practice causes a decrease in consumption of the water supplied by water 

companies and on the probability of occurring floods in urban areas. Likewise, green roofs might also be used for flooding episodes 

control and contribute to ecological and energy benefits. The viability of using both measures has become object of studies, still being 

limited information available on this subject, especially in Mediterranean climates. 

The runoff from traditional and green roofs varies in quantity, quality and time distribution. The viability of the application of a rainwater 

harvesting system depends on the harvesting area, stored volume, precipitation and consumption. On a joint study of this system with a 

green roof, the type and depth of the substrate, type of vegetation and evapotranspiration should also be considered.  

From the results of NativeScapeGR’s project a runoff model for green roofs was developed and the efficiency of the rainwater harvesting 

system was evaluated on this type of roofs A simulation of the consumption of a drip irrigation system responsible for restoring the water 

losses by evapotranspiration on the green roof and a simulation of the non-potable water consumption in a three people single family 

house were made.  

On similar systems, the green roof penalizes the harvesting efficiency and water savings compared to a traditional roof. On green roofs it 

was found that the harvesting efficiency for green roof watering is lower than for non-potable uses.  
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1. Introduction 

Nomenclature 

ET Evapotranspiration mm 

ET0 Reference evapotranspiration  mm 

ETc Crop evapotranspiration mm 

R Runoff mm 

Ê Predicted Runoff mm 

D  Drainage mm 

Aw Available Water mm 

θS Water content at saturation point cm3 cm-3 

θFC Water content at field capacity cm3 cm-3 

θWP Water content at wilting point cm3 cm-3 

Ksat Hydraulic saturated conductivity cm d-1 

e Error mm 

MAE Mean Absolute Error mm 

MSE Mean Square Error mm 

RMSE Root Mean Square Error mm 

1.1. Background 

Water is a fundamental resource on our planet. Demographical 

growth and changes in socio-economical standards have increased 

the water demand. Water resources are being consumed at a higher 

rate than their replacement capacity (Julius et al. 2013) leading to 

water scarcity likely to induce pricing raises. In this context 

sustainable practices, which allow water’s reuse, must be adopted 

and the economic viability of rainwater harvesting (RWH) 

evaluated on a building scale. These measures contribute to reduce 

water natural reserves consumption. 

Rainwater harvesting (RWH) practices consist in the direct 

catchment of precipitation for after use or to be discharged again 

for the recharge of natural reserves (Julius et al. 2013). This 

practice allows to reduce the water consumption for irrigation 

during drought and mitigate the risk of losses to the agriculture 

harvests (Sturm et al. 2009). At the urban level, non-potable water 

diary needs of buildings might be partially covered by rainwater 

harvesting, reducing public network water consumption and 

contributing to rainwater management by reducing the risk of 

damages caused by floods. 



 

Green roof (GR) is the designation of a building roof that uses 

vegetation as it’s uppermost layer. The use of this system can be 

found in the Nordic countries since many centuries ago. There, 

housings were overlaid with a mixture of earth and herbs as a form 

of thermal insulation (Ferreira & Moruzzi 2009). However only 

after 1970 in Germany the study of green roofs started to raise 

interest among the scientific community (Berndtsson 2010; Getter 

et al. 2007). This interest resulted in numerous studies addressing 

the thermal, acoustic, ecological and hydrological benefits of the 

use of green roofs (Berardi et al. 2014; Fioretti et al. 2010). 

The benefits of the combined use of both practices, RWH and 

GR, shall be fully grasped (Sheng et al. 2011; Ferreira & Moruzzi 

2009). Amongst these benefits are the use of the GR soil to filter 

the rainwater before it’s collection and its further use for the 

irrigation of the GR vegetation (Sheng et al. 2011).  

For the use of RWH in GR it is necessary to quantify and 

predict the hydrological process of GR (Berthier et al. 2011). This 

study becomes challenging because of the number of different 

variables involved in the process. Amongst them is the geometry 

of the roof, the properties of the vegetation and subtract, the type 

of drainage and filtration used or even the meteorological 

conditions of the location (Cipolla et al. 2016). 

The HYDRUS software is a finite element numerical model 

for simulating soil physics, including the prediction an analysis of 

water flow on porous media using the Richard’s equation (Li & 

Babcock 2015; Šejna et al. 2011).  

Although broadly studied in separate, RWH on GR 

information is relatively scarce, especially on Mediterranean 

climate, with its specific vegetation and precipitation. 

1.2. Objectives 

The main goal of the paper is to evaluate the applicability of 

RWH on buildings with green roofs using native species on 

Mediterranean climate.  

Namely: 

1. Modulate the runoff flow regime of NativeScapeGR’s 

project experimental study, Brandão (2016) and 

(Brandão et al. 2017) in HYDRUS environment; 

2. Modulate the evapotranspiration regime of native 

species vegetation in Mediterranean climate; 

3. Evaluate the runoff model’s precision for GR on the case 

studies conditions, through the quantification of the 

result set: volumetric retention coefficient and runoff 

peak attenuation coefficient; 

4. Simulate the GR’s runoff and evapotranspiration along 

an 18-year period; 

5. Calculate the listed above result set for the GR during the 

simulation period; 

6. Compare the efficiency of a RWH system on a 

building/residence of traditional roof with one in a GR; 

7. Evaluate the RWH efficiency of a GR for its irrigation. 

1.3. Structure 

This paper begins with the state of the art of the addressed 

subjects. It opens with the topic of RWH and proceeds with the 

precipitation in Portugal analysis. Afterward, the theme of runoff 

retention on GR is approached; its main methods of study are 

covered along with the factors that influence it, as identified by 

various authors. This chapter ends with a presentation of past 

studies on RWH of green roofs and on the modulation of the 

hydrological behavior of the GR with HYDRUS 

The third chapter describes the NativeScapeGR project and 

the study “Hydrological performance of green roofs under 

Mediterranean climate” (Brandão 2016). The experimental device 

and results are presented and the hydrological phenomenon is 

modulated, firstly using the simulation software HYDRUS and 

secondly by the defining an analytical model based on the physical 

properties of the soil, for the calculation of the runoff produced by 

the rainfall on the experimental set. 

The fourth chapter includes the presentation and development 

of the case study for the evaluation of RWH systems on GR. 

Different applications of the system are evaluated, firstly 

comparing RWH on GR with traditional roofs and then comparing 

the RWH for non-potable uses and for irrigation of the GR. 

The fifth chapter begins with the presentation of this works 

conclusions and finishes with suggestions for further and future 

development of the subject.  

2.  State of the Art 

2.1. Rainwater harvesting 

Rainwater harvesting is an ancient practice with its roots on 

American and European civilizations such as the Mayans 

(Sacadura 2011), Aztecs, Incas (Anaya-Garduño 2001 apud Tomaz 

2010; Fernandes 2013), Greeks and Romans (Costa 2010; Tomaz 

2010; Yannopoulos et al. 2017). 

Later, with the introdution of centralized water distribution 

services these millenary practices were abandoned in the cities. 

However, increase in consumption brought difficulties of securing 

water supply in times of drought, which led to rainwater storage 

practices being adopted at the collective level through the 

construction of dams. The parallel alternative at the scale of the 

building, is the implantation of systems of rainwater harvesting as 

an alternative to conventional water sources (ONU 2015). 

Rainwater harvesting systems directly collect and store 

rainwater for productive purposes (Julius et al. 2013). 

The four main components of a typical RWH system at the 

building scale are: (i) the collection surface, (ii) the conveyance 

system, (iii) the storage and (iv) the distribution network.  

The collection surface is an impermeable surface, typically a 

flat or sloping roof. The quality of the water collected depends on 

the materials used in the roof construction, on the materials 

deposited in and on its maintenance (Bertolo 2006). Farreny et al. 

(2011) found relevant differences in runoff water quality between 

sloping smooth and flat rough roofs.  

The conveyance system consists of the buildings gutters and 

downpipes connected to a first-flush diverter and a filtration 

system. In order to retain solid materials that are in the water grids, 

screens and filters are used (Tomaz 2010). The installation of a grid 

at the conveyance system entrance keeps leaves and debris out of 

the system (Sacadura 2011; Bertolo 2006).  

Plínio Tomaz (2010) analysis the regulations on harvested 

water quality and the different types of filtration systems used such 

as pressure charcoal activated filters, slow sand filters and pool 

filters (rapid sand filters). First flush diverters are sometimes 

presented as a volumetric filtration device, their function is to 

separate the initial runoff after a dry period and route it away from 

the storage tank (Krishna 2005).  

The distribution networks role is to transport the water from 

the storage point to its final consumption point. This network has 

the same elements of a traditional domestic water network but must 

be independent from it, and will require a pump system for water 

distribution in the case of underground tanks. 



 

Storage tanks are the most expensive element of a RWH 

system (Sturm et al. 2009; Sanches Fernandes et al. 2015; Krishna 

2005; Sacadura 2011). Storage tanks can be located underground, 

at surface level or elevated. The former have the advantage of 

protecting water from sunlight which favours temperature stability 

and mitigates algae growth (Krishna 2005) whilst the later might 

dispense a water pump in the distribution network. A multitude of 

materials on storage tanks and cisterns have been used: from 

reinforced concrete, fibrocement or reinforced brick cisterns, to 

fiberglass, galvanized steel and high density polyethylene in the 

more recent years. Storage tanks require maintenance, besides the 

verification of all components an examination for sludge 

accumulation shall be conducted at a frequency of 2-3 years or 

whenever sediments are visible in the water (Neves et al. 2006). 

Advances in technology allow the users to monitor, control 

and automate the whole system from a single unit such as the RMS 

Series 200 (Rainwater Managment Solutions 2016), the T-T Pumps 

Raincycle (T-T Pumps 2016), the RainDirector (RainWater 

Harvesting Ltd. 2017), the portuguese Pluvia Smartbox 

(ECODEPUR 2016).  

2.2. Green Roofs hydrology 

The water flow on green roofs depends on the relations 

between its components: soil, vegetation, dimensions, and 

metereology. The process is sintetized on Fig.1. 

Then system water inputs, tipically rainfall but also the 

vegetation watering, leave the system in the form of evaporation or 

runoff.  

 

Fig. 1. Green roof hydrological process flow chart. 

3. Methodology 

The evaluation of the RWH system is made for two different 

scenarios, the most common of consumption for non-potable uses 

studied in (Silva et al. 2015) and different scenario of the use of 

collected rainwater for green roof vegetation watering. In order to 

correctly evaluate these two scenarios, it is imperative to calculate 

the runoff generated by the green roof.  

With this purpose in mind, the experimental results of 

NativeScape GR project are modulated firstly in HYDRUS 3D 

and then in an analytical model defined for this work and based 

on the reservoir effect of the green roof applied by (Berthier et al. 

2011). The HYDRUS model parameterization is defined in 

accordance to the experimental setup described below in the.

case study Brandão (2016) has treated the data collected by the 

monitoring devices and separated it by rainfall events for 

individual analysis. For the runoff modulation a single calibration 

event is used and along with 7 validation events.  

For the analytical model, a different approach is made, the data 

collected by the setup monitoring system from the 9th of September 

until the 28th of February is used without interruptions. The longer 

period of analysis represents a significant rise in the dataset size 

increasing the duration and risk of failure of the calculations. For 

this reason a 60-minute time-step is chosen, which tolerates an 

evaluation of the RWH system on an investment/lifecycle period 

of more than 10 years. 

 
Fig. 2. Methodology adopted for the evaluation of a RWH system of a green roof. 



 

4. Case study

4.1. NativeScape GR 

The NativeScape project experimental setup is well 

documented in the works of Paço et al. (2014) and Brandão (2016), 

it is located in the flat roof of the Herbarium 3-floor building of 

Instituto Superior de Agronomia, in Lisbon, Portugal. Testbeds of 

2,5x1,0m are set up at a 1m height and a 2,5% south oriented slope 

for maximum sunlight exposure. The GR system consists of a 5mm 

thick geotextile fabric (ZinCo SSM 45 non woven blanket) for 

protection and retention placed below a drainage layer of 

polyethylene plates (ZinCo Floradrain FD 25E drainage layer) with 

retention capacity and 25mm thickness. Between the drainage layer 

and the substrate a filter layer (ZinCo SF non woven blanket) is 

placed to assure the drainage layer efficiency. Three types of 

substrate are used on the experiment,  a layer of 150 mm of soil is 

uniformely disposed on each testbed. At the lower corner of each 

test bed, a hole with a drop tube assures the drained water reaches 

the tipping bucket runoff gauge which monitors the runoff in 2-

minute periods and a CR1000 data logger that records it. Each 

experimental test bed has also a water content reflectometers to 

measure the moisture content of the substrate. This setup is 

parameterized during the HYDRUS modulation.  

The asymmetry of the test bed motivates the choice of the 3D 

version of the software with a 3D layered geometry. The fine 

elements mesh is defined with 15 layers and increased resolution 

along the surface of the substrate, defined as an atmospheric 

boundary where evapotranspiration and rainfall occur, and the 

seepage face boundary condition where the drainage occurs (Fig. 

3). The chosen testbed for the modulation is composed by a soil 

rich on organic matter (OM) described in Table 1 and mixed 

vegetation of shrubs (Rosmarinus officinalis, Lavandula stoechas 

subsp . Luisieri), grass (Brachypodium phoenicoides) and drought 

tolerant moss (Pleurochaete squarrosa). 

 

 

Fig. 3. Fine elements mesh of the HYDRUS model for the testbeds. 

Three approaches are used for the estimation of the substrate 

hydrodynamic parameters. The first one is the representation of the 

substrate as a light sand with 0,5g/cm3, the second one is by using 

the software’s Van Genuchten hydraulic parameter prediction tool 

Rosetta Lite v.1.1, the last one is by the adjustment of the retention 

curve for the results of the soil analysis conducted on laboratory. 

 The method used for the adjustment was the minimization of 

the sum of the absolute errors. Also the drainage and protection 

layer parameters were estimated based on their features as fine sand 

and a retaining clay using the Rosetta tool. As the artificial layers 

hydraulic behavior is not directly definable on HYDRUS their 

calibration is made through direct modulation against the runoff 

data. 

Table 1. Substrate properties (adapted from Brandão, 2015) 

Physical Properties 

Mineral particles 
percentage (%) 

Apparent 
density  

Density on 
saturation 

ΘFC 

10 kPa 
ΘWP 

1500 kPa 
Ksat 

sand silt clay (g cm-3) (cm3 cm-3) (cm d-1) 

80,6 3,2 9,4 0,383 0.675 0,3319 0,1535 5214 

Chemical Properties 

pH 
OM 

(%) 

N 

(g kg-1) 

K2O 

(mg kg-1) 

P2O5 

(mg kg-1) 

5.15 73.15 6.22 600 184 

4.2. Analytic model 

A green roof may function as an reservoir which stores 

rainwater on its soil and vegetation until the excess of rainwater 

causes it to overflow. For its robusticity and simplicity, this type of 

approach was chosen by Berthier et al. (2011) to study the 

hydrological behaviour of a 146m2 green roof.  

The model proposed incorporates concepts from soils studies, 

hydrology and agro-sciences. The vegetation, soil and the 

underlayers are represented as a single element. Because of the 

substrate higher thickness and water retention capabilities the set is 

represented as a soil. The water retention or drainage process are 

dictated by the system water content, as stated in Fig.4. 

With the water content below the wilting point the plants roots 

are not able to overstep the negative pressure necessary to remove 

water from the soil. For this reason, evapotranspiration is 

considered null for θ< θWP. 

On the other hand, when θ is between the field capacity and 

wilting point the soil retains the water and the plants are able to 

absorb it through their structures. If rainwater or irrigation persist 

after the field capacity value is surpassed the water starts to drain 

because of the gravitational forces until the field capacity is 

reestablished again. The drainage capacity and available water 

capacity are calculated according to expressions (1) and (2). 

 A 3 month calibration period and a 3 month and 20 days 

validation periods are used. Their charateristics are summarized in 

Table 2. The time-step used is 60 min and the series of 

precipitation, runoff and measures water content are considered. 

Drainage capacity and precipitation are evaluated as variables for 

runoff prediction by calculating the correlation between them. To 

take the vegetation effect into account 𝜃𝐹𝐶  is calibrated to 

maximize each correlation. The analysis proved that drainage 

capacity correlation with runoff, 89,9%, was 4% higher than 

precipitation. This process was repeated for D^n and prooved the 

unlinear correlation to be 1% higher, resulting in the expression (3) 

for runoff prediction, where a and b are adimensional variables. 

 Variables a and b are then calibrated against the continuos 

series of measured runoff.  

During the calibration period, the minimum monthly total 

rainfall is 63,60mm in September and the maximum is 307,60mm 

in November. In fact the rainfall registered in November is 

aproximately the triple of the average value between 1970 and 

2000 and the month with the most rain since 1997 according to 

PORDATA. 

𝐷 =
(𝜃 − 𝜃𝐹𝐶)

(𝜃𝑠 − 𝜃𝐹𝐶)
 (1) 

𝑈 =
(𝜃 − 𝜃𝑊𝑃)

(𝜃𝐹𝐶 − 𝜃𝑊𝑃)
 (2) 

Ê = 𝑎 × 𝐷𝑏 (3) 



 

Fig. 4. Physical properties of the soil relevant for water balance. 

Table 2- Characteristics of the data for the modelation of the runoff for 

the calibration and validation periods 

Data  Soil parameters – Laboratorial analysis 

Testbed T3   θ [V/V] Aw [mm]  

Soil S2 θS 0,566 84,855  

Vegetation RL B θCC 0,144 47,138  

Soil Depth (mm) 150 θCE 0,120 18,000  

Calibration  P [mm] R [mm] 
AA [mm] 

([V/V]) 

AAt-AAt-1 

[mm] 

UOBS 

[V/V] 

DOBS 

[V/V] 

max 26,20 12,60 42,9 (28,6%) 16,20 1,00 0,34 

min 0,00 0,00 5,55 (3,7%) -4,95 0,00 0,00 

∑ 463,80 275,62  -15,98   

Validation  P [mm] R [mm] 
AA [mm] 

([V/V]) 

AAt-AAt-1 

[mm] 

UOBS 

[V/V] 

DOBS 

[V/V] 

max 13,00 4,76 31,8 (21,2%) 16,20 1,00 0,16 

min 0,00 0,00 9,75 (6,5%) -1,50 0,00 0,00 

∑ 146,60 71,79  -5,17   

 

FLOW CHART NOMENCLATURE 

 

Hour (i) 
Simulation hours (h) 
Month (m) 
Saturation Point (θ

S
) 

Field Capacity (θ
CC

) 

Wiling Point (θ
CE

) 

a, b 

Reference Evapotranspiration (ET
R
) 

Crop Evapotranspiration (ET
C
) 

Rainfall (P) 
Available Rainfall (P

DISP
)  

Used Rainfall (P
UTIL

)  

Irrigation (R) 
Irrigation System Efficiency (EF

R
) 

Water Storage (A) 

Drainage Capacity (U) 

Available Water Capacity (U) 
Runoff (Ê) 

First-flush (FF) 
Rejected water volume (V

REJ
) 

Discarded water volume (V
DESC

) 

Harvested Rainwater consumption (C
AP

) 

Public network water consumption (C
RP

) 

Non-potable uses water consumption (C
NP

) 

 
Fig. 5. Flow chart representation of the model for the evaluation of rainwater harvesting on buildings with green roofs 
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5. Results and discussion 

5.1. Hydrological modelling 

On the modulation of NativeScape GR project on HYDRUS 

it was verified that it is not recommended the use of Van Genuchten 

water retention curve for the hydrological characterization of high 

organic mater content substrates layed on synthetic materials 

layers. Also the use of Richards equations was not successful in 

modulating runoff across these materials.  

On the other hand, the analytical model was able to predict the 

runoff. The calibration process results for testbed nº3 are presented 

on Table 3. 

Table 3 - Results analysis for the analytical model calibration process. 

 

 P R Aw D Ê R-Ê 

C
alib

ratio
n
 

 

min. 0,00 0,00 17,96 0,00 0,00 -4,23 

max. 26,20 12,60 63,18 0,58 13,42 2,39 

∑ 463,80 275,62    278,46 -2,84 

V
alid

atio
n
 

 

min. 0,00 0,00 17,97 0,00 0,00 -1,92 

max. 13,00 4,76 52,79 0,38 6,37 2,37 

∑ 146,60 71,79   69,71 2,08 

 

Table 4 - Analysis of the model accuracy during calibration and 

validation periods 

 Testbed 3 

 Calibration Validation 

Correlation R-Ê 95,1% 92,4% 

MAE 0,049 0,013 

MSE 0,044 0,009 

RMSE 0,209 0,097 

∑e  -2,840 2,081 

error RMAX 0,82 1,60 

R/Ê 0,9978 

 

5.2. Rainwater harvesting for non-potable uses 

Below are presented the values of the simulations conducted 

in the analysis of the green roofs RWH system. On Table 2 the 

different catchment areas and tank volumes combinations are 

defined according to Silva et al. (2015). 

A comsuption of 154l per person per day is considered, on a 3 

people single family residence in Almada, Portugal. Twelve 

different combinations of green roof area and reservatory volume 

are considered, their values are presented in Table 5  

Table 5 - Catchment areas and tank volumes used on the study. 

 

 Catchment area  

(m2) 

Tank Volume 

(l) 

A1_R1 78,6 200 

A1_R2 78,6 500 

A1_R3 78,6 1.000 

A1_R4 78,6 2.000 

A2_R1 103,4 200 

A2_R2 103,4 500 

A2_R3 103,4 1.000 

A2_R4 103,4 2.000 

A3_R1 131,4 200 

A3_R2 131,4 500 

A3_R3 131,4 1.000 

A3_R4 131,4 2.000 

 

Table 6 - RWH analysis for non-potable uses of testbed 3 

  RWH Efficiency Water savings Difference  

  TR CV CT CV 
RWH 

Eff. 

Water 

savings 

A1_R1 
35,37% 31,34% 15,98% 12,77% -4,03% -3,21% 

A1_R2 
50,56% 42,27% 22,85% 17,22% -8,29% -5,62% 

A1_R3 
63,53% 52,90% 28,70% 21,55% 

-

10,63% -7,15% 

A1_R4 
76,04% 65,25% 34,36% 26,59% 

-

10,79% -7,77% 

A2_R1 
29,06% 25,56% 17,27% 13,70% -3,50% -3,57% 

A2_R2 
41,66% 34,00% 24,76% 18,23% -7,66% -6,54% 

A2_R3 
52,71% 42,85% 31,33% 22,97% -9,86% -8,36% 

A2_R4 
64,97% 53,62% 38,62% 28,74% 

-

11,35% -9,88% 

A3_R1 
24,40% 21,20% 18,43% 14,44% -3,20% -3,99% 

A3_R2 
34,94% 28,01% 26,39% 19,08% -6,93% -7,31% 

A3_R3 
44,27% 35,24% 33,44% 24,00% -9,03% -9,44% 

A3_R4 
55,38% 44,55% 41,83% 30,35% -10,83% 

-

11,48% 

Min 24,40% 21,20% 15,98% 12,77% -11,35% 
-

11,48% 

Max 76,04% 65,25% 41,83% 30,35% -3,20% -3,21% 

1. Each column values are presented on a colour scale increasing from red to 

green, maximum and minimum values are highlighted on bold. 

 

5.3. Rainwater harvesting for green roof irrigation 

In this situation the only consumption to harvested rainwater 

is the irrigation of the green roof. The irrigation criteria defined 

was to maintain the hydric balance of the green roof compensating 

for the evapotranspiration when the cultural coefficient was higher, 

irrigating from June to September  



 

A drip irrigation was considered, the same used in the 

NativeScape GR project, functioning continuously with a 90% 

efficiency. The RWH results for irrigation are presented on Table 

7 with a decrease in RWH efficiency and water savings compared 

to the non potable uses considered before. 

 

Table 7 - RWH for green roof vegetation irrigation 

 RWH Efficiency Water savings 

  T3 T4 T5 T3 T4 T5 

A1_R1 12,63% 10,74% 10,56% 14,26% 11,82% 11,62% 

A1_R2 16,21% 14,53% 14,42% 18,29% 15,99% 15,86% 

A1_R3 20,14% 18,69% 18,61% 22,73% 20,57% 20,47% 

A1_R4 24,84% 23,61% 23,54% 28,03% 25,99% 25,90% 

A2_R1 11,87% 9,87% 9,68% 13,40% 10,86% 10,65% 

A2_R2 14,97% 13,24% 13,11% 16,89% 14,57% 14,43% 

A2_R3 18,45% 16,84% 16,75% 20,82% 18,54% 18,42% 

A2_R4 23,07% 21,78% 21,70% 26,04% 23,97% 23,87% 

A3_R1 11,30% 9,18% 8,98% 12,76% 10,10% 9,88% 

A3_R2 13,99% 12,22% 12,08% 15,79% 13,45% 13,29% 

A3_R3 17,09% 15,46% 15,36% 19,29% 17,02% 16,90% 

A3_R4 21,36% 20,00% 19,93% 24,10% 22,01% 21,92% 

Min 11,30% 9,18% 8,98% 12,76% 10,10% 9,88% 

Max 24,84% 23,61% 23,54% 28,03% 25,99% 25,90% 

1. Each column values are presented on a colour scale increasing from red to 

green, maximum and minimum values are highlighted on bold. 

 

6. Conclusions and future development  

On the modulation of NativeScape GR project on HYDRUS 

it was verified that it is not recommended the use of Van Genuchten 

water retention curve for the hydrological characterization of high 

organic mater content substrates layed on synthetic materials 

layers. Also the use of Richards equations was not successful in 

modulating runoff across these materials.  

An hourly time scale discretization is enough for evaluating 

retention of a series of rainfall events.. On the other hand an hourly 

timescale is too large for differenciating an hourly constant 

precipitation of a 1mm/h from an half an hour 2mm/h rainfall or 

predicting runoff peak or rainfall start delay as its magnitude is in 

some cases inferior than one hour. For this reason it shall not be 

used as a tool for network design. The loss of sensibility of a houly 

time-scale runoff provides a favorable simplification of the 

modulation process.  

This model’s utility is more significative for designing the 

rainwater harvesting system reservatory as it allows a smart 

simulation of the system along a vast period, of the same greatness 

as expected payback periods. 

On a long term prediction of the rainfall retention of the green 

roof the most important variable is the evapotranspiration. On an 

analysis long enough to include at least one hydrological year the 

influence of the water content at the beginning and end of the 

analysis might be disregarded on the water mass balance equations. 

In this conditions retention is equivalent to the evaporation ocurred 

on the green roof during the duration on the analysis. Therefore, 

the data and knowledge of the climateric conditions and the 

vegetation play a main role in the study of the hydrological 

processes of a green roof as they are the parameters that condition 

and allow you to calculate evapotranspiration. 

From the results obtained it was verified that a bigger 

distribution of non potable water comsuption during the day 

reduces the discarded water volume, increasing RWH efficiency.  

It is verified that the green roof type of soil and vegetation 

influences the RWH performance with the results suggesting that 

lower retention and peak runoff values might increase the RWH 

efficiency and level of water savings. 

It is concluded that, for the level of comsuption considered, to 

maintain the system efficiency with the same roof area, a larger 

reservatory must be considered if it is used for watering the green 

roof vegetation than if it is used to supply non potable consumption 

needs. The sazonality of the climate could be the reason that 

justifies this diference.  

For the further development of these subject strict relations of 

colaboration between the companies that market and install GR 

solutions and the scientific community that allow the monitoring 

of real GR setups reducing the costs and the effects of the small 

scale of most studies.  

It is suggested that hydrological studies of green roofs with a 

larger time scale and duration that allow its use in the field of 

RWH. 
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