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Water balance study on green roof in Brazil

Abstract

The present study aims to investigate the water balance in conventional and green roofs and
also to monitor the development of peanut grass (Arachis repens Handro), relating the type
of vegetation cover or not with its water retention capacity and, consequently, to obtain the
coefficient of runoff for each scenario tested. The scenarios tested were: (1) conventional
collection surface with fiber cement tile, (2) green roof structure with substrate and no
plant, and (3) planted green roof. The rains incident on the roof were obtained for the
city of Itajuba, in Minas Gerais, by the curve of i-d-f with Smin of duration and Syears of
return period according to the recommendation of NBR 10844 (ABNT,1989). The volumes
of storm water runoff and drained from the bottom of the roofs studied were collected in
calibrated graduated containers. It was concluded that: the peanut grass showed satisfactory
development and high recovery capacity; the peanut grass took only 12 month to cover
the entire roof; the coefficient of runoff of the green roof for intense rainy season was on
average 0.569 and in the dry season it was 0.003. While the conventional roof presented
average surface runoff coefficient of 0.995 for the rainy season and 0.901 for the dry
season; the component of the green roof that contributed most to the rainwater retention
was the substrate. Therefore, attention should be paid to the choice of substrate so that it can
adequately grow the plant, retain rainwater and not contaminate the bottom drainage water
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of the roof that can be used for less noble uses.
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Introduction

According to Zhang and Chui,! green infrastructure mitigates
the negative effects of urbanization and provides hydrological and
bioecological benefits. However, these benefits are highly dependent
on scale. They conclude that smaller scale benefits establish the basis
for larger scale benefits and identify that there is a research gap in
studies related to rain water harvesting, recommending further studies
on this scale. Like wise, Akther et al.> highlight the need for specific
studies of the region or location to implement green roofs with
confidence.

Gong et al.’ studied the flow retention effectiveness of green
roof modules and concluded that heavy rains (>25mm) significantly
affect there tention performance of extensive greenroofs in then
extrainyevent.

Whereas, a conventional roof, according to Gribbin,* has a design
run off coefficient in the range of 0.75 to 0.95 (onaverage 0.85; thatis,
15% retention). According to Liptan and Strecker,” when using the
greenroof, there tention of the volume of precipitation can varyfrom
10% to 35% during the rainy season and from 65% to 100% during
the dry season and there duction of drainage rates can reach 45%,
which canmean a significant decrease in the contribution of floods in
urban centers.

The study by Palla et al.® demonstrated that the implementation
of greenroofs can reduce the peak of runoff and the delay time
between 7 and 15minutes of the runoff volume (detentioneffect);
while, after the introduction of a drought-related process related to
evapotranspiration, it ispossibleto observe a reduction in the volume
ofrunoff (retentioneffect).

Plants are a critical component of greenroofs and, according to
Zhang et al.’ it is believed that plants with high water use after rain,

but which are also drought to lerant, can improve rain retention on
greenroofs. The authors found that some monoculture shad greater
rain water retention and that some plants created preferential flow path
ways, resulting in lower water content in thes ubstrate, which reduced
rain retention. Therefore, they suggested that the characteristics of
the root and its interaction with thes ubstrates should be considered
together with water use strategies for rain retention on greenroofs.

The present study seeks to investigate the water balance in
conventional and greenroofs and also to monitor the development of
peanutgrass (Arachisrepens Handro), relating the type of vegetation
cover or not with its water retention capacity and, consequently,
obtain the runoff coefficient for each scenario tested.

Methodology

This experimental research was carried out in Itajuba in the south
of the state of Minas Gerais, which has a characteristic climate of
mountain regions. The experimental installation consists of four
planted modules and one non-planted module, as well as a fiber
cement roof with a 25% slope. The growth of the Arachisrepens
Handro (peanutgrass) plants was monitored and the meteorological
variables obtained from the Weather Forecast and Climate Studies
Center of Brazil - CPTEC/INPE were recorded. After the closure of
the vegetation cover, the water balance was performed in each of the
three types of cover.

The monitoring of plant growth was carried out using the quadrants
method.® In addition to plant growth, the average length of the main
vegetation branch, then umber of branches and then umber of leaves
were monitored, using a numerical counter and caliper.

A rain simulator was developed to carry out the tests in order to
keep the volume of the simulated rain constant. The simulated rain
intensity is the maximum intensity lasting Sminutes and a return
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period of Syears, obtained from the intensity-duration-frequency
curve of Itajuba - MG, as recommended by the Brazilian standard for
the design of storm water building installations, NBR 10844.°

The water balance wasper formed and the runoff coefficient was
obtained by the ratio between the runoff flow and the precipitation
on the roof.'” The surface runoff coefficient of conventional fiber
cement roof recommended by Pacey and Cullis" for design is 0.8.
The volumes of rain water incident on the roofs, drained superficially
and drained from the bottom of the studied roofs were collected in
calibrated graduated containers. All results were analyzed statistically.
For the comparison of means, analysis of variance (ANOVA) was
used to compare the modules with each other and Tukey’s test to
compare the monitored parameters.
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Results

Plantgrowth

On September 12, 2018, four seedlings of peanut grass were
planted in each roof module arranged in anuneven and non-aligned
way to facilitate the closing of the vegetation. On that day, the average
values recorded for the control parameters were: 8.624+0.76cm in
length of the mainstem, 5.4+1.0 shoots per seedling and 4.4+1.0
branches with 4 leaves per bud (96.5+34.4leaves per seedling).
Figures 1&2 illustrate the development of vegetation growth in the
four modules of the greenroof, photographs taken on October 5 and
26, 2018respectively.

Figure | Measurement of plant growth on October 5,2018 in modules | to 4 using the quadrants method.

Fonte: Author himself.

Figure 2 Measurement of plant growth on October 26,2018 in modules | to 4 using the quadrants method.

Fonte: Author himself.

Figure 3 shows the evolution of the plant’s growth over time,
where it can be seen that, in just 33 days, there was an increase in
the coverage rate by an average of 77%, that is, more than 2/3 of the
module was covered. The complete coverage of all modules occurred
after one and a half months of planting these edlings.

The results observe dafter 23days of planting, on average,
were: 12.40+0.87cm in length of the mainstem, 6.0+1.0 buds per
seedling and 6 branches with 4 leaves per bud (239.8+83.9 leaves
per seedling). The average length of the mainstem, considering all
planted modules, after 33 days of planting was 17.87+3.52cm and
after a monthand a half it was 22.40+3.44cm. Accordingto Rodrigues
et al.”? reaches a heightof 20-40cm. All monitored parameters were
analyzed statistically by ANOVA and it was found that there was no
significant difference between the results of each module (F<critical
F and p-value>0.05), indicating that the growth occurred in a similar
way in all four green roof modules. The Tukey test indicated that

there is no statistically significant difference between the length of
the stem, the number of shoots and the number of branches to monitor
the growth of the grass. However, the vegetation cover rate and the
number of leaves differ significantly from the other parameters.

According to data from CPTEC/INPE, in Itajuba — MG - Brazil,
in September 2018 there was a total rainfall in the range of 50-100
mm, while in October it was 100-150mm. Thatis, even in conditionsof
intense rain in the region during the adaptation period, since this
species develops better in conditions of full sun, the vegetation showed
satisfactory development, with no degeneration of any seedling of the
four modules planted, ie 100 % of survival.

During the period of monitoring plant growth, events occurred
(drought, lack of irrigation and attack by leaf-cutting ants) that affected
their leaf cover. However, the problem was soon remedied and the
vegetation recovered by covering the roof again in just a single week.
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Figura 3 Coverage of modules by vegetation over the monitoring time: a) 09/12/2018; b)10/05/2018; c) 10/15/2018; d) 10/26/2018 (o — with vegetation, o —

without vegetation).

Fonte: Author himself.
Runoff coefficient

The runoff coefficient was determined during the rainy season
(Nov-Dec /2018) and in the dry season (May-Jun/2019), performing
the water balance for three scenarios: conventional roof, green roof
and, also, roof with substrate and without plant.

In the rainy season, there sults were as follows: the value of the
runoff coefficient of the modules with vegetation was onaverage
0.569+0.068, the module without vegetation and the conventional
tile were 0.65440.000 and 0.995+0.000, respectively. Note that the
greatest retention of runoff occurs in the vegetated modules, followed
by the module without a plant and with substrate, and then by the tile
without a plant and without substrate. Indicating the importance of the
type and thickness of the peanut grass substrate, which contributed to
there tention of 43.1% (with 34.6% being retained in thes ubstrate) of
precipitated rain water on the green cover.

In the dry season, the value of the runoff coefficient of the
modules with vegetation was on average 0.003+0.008, for the module
without vegetation and the fiber cement tile were 0.552+0.087 and
0.90140.000, respectively. The results reveal that in the dry season
practically all rain water is retained in the green roof, the substrate
is responsible for the retention of 44.8% of this value and the plant
54.9%. Meanwhile, the conventional fiber cement roof allows the
flowof 90.1% of the raincaptured on its surface.

These results are in line with other studies, such as those by Liptan
and Strecker,’ Palla et al.® Zhang et al.” In addition to verifying that
the increase in the intensity of rain, the differences between the values
of the runoff coefficients of the different coverings are smaller, as
observed by Cavalcanti.'®

Conclusion
With this work it can be concluded that:

i.  The choice of peanut grass for the green roof was appropriate
for the region of Itajuba - MG, and presented satisfactory
development and high recovery capacity, even in conditions of
intense rain or drought.

ii. The vegetation in about a month and a half cover edall the
modules that make up the green roof and reached 22.4+3.4cm in
length of the mainstem, presenting leaves and flowers.

iii. The results revealed that the average green roof precipitation
volume retention was 43.1% during the rainy season and 99.7%
during thedry season, confirming previous research.

iv. The conventional fiber cement roof had runoff coefficients of
0.995 and 0.901 respectively during the period of intense rain
and in the dry season. Values above those normally used in rain
water orurband rainage projects. Probably dueto the high slope
of the roof.

v. The green roof component that contributed mostto rainwater
retention was the substrate. Therefore, all attention should be
given to choosing the substrates ot hat it can allow the plant to
grow properly, retain rainwater and not contaminate the bottom
drainage water of the roof that canbe used for lessnoble uses.
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