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Abstract 
 
Information on the influences of native plant species and rainfall characteristics on the stormwater retention performance of extensive 

green roofs in Malaysia is still scarce. More local data is still required because rainfall and runoff generation processes in tropical envi-
ronment are very different from the temperate regions. This study is aimed to investigate the stormwater retention performance of native 
plant species in extensive green roofs with respect to different rainfall characteristics in Malaysia. Two test beds consist of pro-mixing 
potting soil were vegetated each with different native plant species (Axonopus Compressus (cow grass), Portulaca Grandiflora (sedum) 
and one test bed with no vegetation (bare ground) was prepared as a control. A total of 22 significant storm events were collected over a 
3-month period from March 2016 to May 2016. The rainfall depths for monitored storm events were ranged from 4.5 mm to 63.2 mm 
and rainfall intensities ranged from 0.5mm/hr to 58.5 mm/hr. The results showed that sedum exhibited higher mean runoff retention per-
centage than grass which is 75.8% and 70.9%, respectively. Bare soil was the least effective for reducing water runoff with retention 

percentage of 62.6%. Overall, sedum and grass species provided 90.6% and 88.2% of cumulative rainfall retention in this study. The 
rainfall depth and intensity are correlated negatively with stormwater retention performance of green roofs. Meanwhile, longer dry 
weather period are likely to increase the water retention capacity of green roof.   
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1. Introduction 

Malaysia is moving towards becoming a high income and devel-
oped country by the year 2020. Thus, the tier of urban growth is 
increasing rapidly in the recent years and this growth is expected 
to reach 85% by the year of 2030 [1]. Development entities such 
as road, walkway and building have replaced the forests, wetland, 
and grassland that subsequently cause the increasing of storm 
water runoff volume, the decreasing of evapotranspiration, river 

erosion, diminishing of ground water recharge, as well as enhanc-
ing stream channel [2,3,4,5,6]. As the developments are progress-
ing, greater challenges are imposed on managing and reducing the 
stormwater runoff in urban areas. Rooftop and transport systems 
commonly account for 80% of all the impervious surfaces in the 
urban area [7]. Rooftop runoff poses a greater threat to water 
quantity in urban catchment than rural catchment as the runoff can 
enter the receiving water bodies more rapidly due to the greater 

connectivity of roofs to drainages. Green roof have been imple-
mented widely in developed temperate countries like USA, Cana-
da and European countries. However, only limited studies were 
carried out in Malaysia, despite the fact that, Malaysia has great 
potential in the developments of green roof. There is significant 
outcome in learning from findings and guidelines that have been 

developed in other countries. However, climatic variations be-
tween the temperate and tropical regions hinder the direct trans-
feral of roof designs, substrate specifications, and plant species. In 

fact, the tropical climate in Malaysia is characterized by warm 
weather in the morning and afternoon, followed by high intense 
and short duration thunder storm in the evening. The monsoon 
seasons during March-May and October-December also bring 
large amount of rainfall to Malaysia. Dry season especially during 
February has caused prolonged drought period in many urban 
cities in Malaysia.  This climate condition is totally different from 
the other region such as America, Canada or Europe, particularly 

on rainfall distribution all over the year. 
In view of a better implementation of green roofs in Malaysia, 
there seems to be a great need to find out the best plant species 
that is acceptable for green roofs in the tropical climate region. 
Presently, selection of plant species is normally considered only 
single species for each green roof and chosen solely based on their 
capability to tolerate with shallow substrates and drought condi-
tions. It is found that most of the suitable green roof plant species 

are sempervivums, exotic sedums and other species that have been 
confirmed to be able to sustain the harsh environments on rooftop 
[8,9,10,11,12,13]. Unfortunately, selection of these plant species 
can only develop green roofs with minimal ability for nutrient 
cycling function, wildlife use, and other ecological purposes [14]. 
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It is suggested by recent research that native plant species selec-
tion could contribute to the improvement of green roof aesthetic 
potential as well as ecological function. 
The tropical climate in Malaysia offers a unique situation for 
green roofs because of higher rainfall intensity, higher tempera-
tures and higher potential evaporation rates. The acceptant of 
green roofs is rely extremely on local weather conditions, and 
expecting green roof achievement by relying on experiences from 

temperate climate countries only without local evaluation is prob-
lematic [15,16]. Therefore, local green roof studies must be car-
ried out in order to assess the suitable native plant species for 
stormwater mitigation potential of a particular region. The benefits 
of choosing native plants in green roof systems are including bet-
ter adapted to local condition, require less watering and low 
maintenance, increase biodiversity as well as more aesthetically 
pleasing than non-native plant. Even though these advantages 

have been found in other temperate countries, the number of re-
search related to stormwater retention performance with respect to 
native plants in green roof systems is still lacking in Malaysia. 
Therefore, this study is carried out to determine the effects of na-
tive plant species and rainfall characteristics on stormwater reten-
tion performance of extensive green roofs. 

2. Experimental Green Roof Design and Set 

Up  

This experiment was conducted at the rooftop level of College of 
Engineering building in Universiti Tenaga Nasional (UNITEN). A 

total of three green roof test beds were set up in this study. The 
dimension of each green roof test bed is 1.0 m length x 0.5 m 
width x 0.2 m height, and installed at a height of 1m above the 
roof top level with a slope of 1.5%. Each green roof test bed was 
placed at a custom made raised steel structure that equipped with a 
drainage pipe and runoff harvesting tank. Fig. 1 shows the exper-
imental green roof test beds that established in this study. The 
typical potting soil was chosen in this study for investigating its 
stormwater retention performance and influences on the soil mois-

ture content behaviour in extensive green roofs. The choice of this 
substrate type was based on its availability and popularity as 
common horticultural substrate used by the local landscaping in-
dustry. The use of locally available substrates is important for the 
growth of selected native plant species in green roofs. The sub-
strate layer was fixed as 130 mm depth and placed on top of the 
filter fabric and drainage layers (Fig. 1). The green roof test bed 
was planted with each native plant species which is Axonopus 

compressus (grass) and Portulaca Grandiflora (sedum) as shown in 
Fig. 2. All surface areas inside the green roof test bed were en-
sured that 100% covered by the respective plant. Weeds or unnec-
essary plants found in the green roof test bed were removed every 
week manually throughout the monitoring period, in order to 
maintain the species composition and consistency of results. As a 
control, bare potting soil with no vegetation was also prepared in 
this study. 

 
Fig. 1. Experimental green roof test beds that established in this study 

 
Fig. 2. Axonopus compressus (A) and Portulaca Grandiflora (B) that 

planted in the green roof test beds 

3. Data Collection and Analysis 

A Watchdog tipping bucket rain gauge with 0.2 mm resolution 
was installed at the rooftop level to measure the rainfall depth at 1 
minute interval. The rainfall data during the monitoring period 

was analysed in terms of total depth, total duration, mean intensity, 
maximum rainfall intensity and antecedent dry days (ADD). The 
storm events were further categorized according to its return peri-
od and size. The individual event was defined as being separated 
by continuous dry periods of at least 6 hours. This definition was 
selected in accordance with Rowe et al. [17] and Getter et al.[18]. 
The stormwater runoff that discharged from drainage layer within 
the green roof test beds was drained out by using a PVC pipe. A 

runoff harvesting tank was placed under the green roof test beds 
and connected to the PVC pipe in order to collect the runoff from 
green roofs. The water volume in the runoff harvesting tank was 
measured immediately after the storm event finished. The storm-
water retention percentage of green roof is generally calculated by 
dividing the difference between rainfall and runoff depths with the 
total rainfall depth as shown in Equation 1. The average retention 
percentage, AR (%) is calculated by averaging the retention per-

centage of individual rainfall events while total retention percent-
age, TR (%) is calculated by dividing the cumulative green roof 
runoff with cumulative rainfall depth over the study period. The 
formulas for AR and TR are presented in Equations 2 and 3, re-
spectively. 

         Equation 1  

       Equation 2 

       Equation 3 

 

(A) 

(B) 
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4. Results and Discussion 

A total of 22 significant storm events were collected over a 3-
month period from March 2016 to May 2016. The rainfall depths 
for monitored storm events were ranged from 4.5 mm to 63.2 mm 
and rainfall intensities ranged from 0.5mm/hr to 58.5 mm/hr. The 

rainfall characteristics for all monitored storm events are presented 
in Tab. 1. The stormwater retention performance of each green 
roof test bed is assessed in detail in terms of average retention (AR) 
and total retention (TR) percentages, by using event-based and 
cumulative assessment approaches, respectively. The differences 
in retention performance between rainfall types and green roof 
configurations are also studied in depth. The stormwater retention 
percentage is calculated for every storm event monitored in each 

green roof configuration and the results are summarized in Tab. 1. 
The boxplots of stormwater retention percentages for every green 
roof configuration are shown in Fig. 3. Great variations of storm-
water retention percentages are observed for all test beds in this 
study. Interestingly, both green roof test beds show higher median 
values of stormwater retention percentages compared to bare soil 
test bed.  

Tab. 1. Stormwater retention performances of different plant species in 

extensive green roof 

No

. 

  

Date 

  

Retention percentage 

(%) 
Rainfall characteristic 

Test bed 
Dept

h 

(mm)  

Intensi-

ty 

(mm/hr

) 

Dry 

 day  

(day

) 

Grass 
 Se-

dum 

Bare  

soil 

1 05-Mar 80.38 83.87 72.58 9.3 0.5 14 

2 10-Mar 80.69 84.65 69.31 10.1 1.5 5 

3 
15-Mar 

100.0

0 100.00 57.45 4.5 1.0 5 

4 
16-Mar 

100.0

0 100.00 59.43 5.3 1.0 1 

5 20-Mar 80.36 84.18 69.90 9.3 1.5 4 

6 
25-Mar 

100.0

0 100.00 85.32 18.7 1.0 5 

7 04-Apr 66.01 75.50 55.53 30.1 58.5 10 

8 05-Apr 51.32 66.65 50.94 39.6 19.8 1 

9 24-Apr 57.64 68.66 51.11 40.6 20.3 19 

10 29-Apr 64.56 65.78 62.38 10.1 4.9 5 

11 30-Apr 68.69 75.46 55.16 21.6 14.4 1 

12 

02-

May 59.39 71.04 54.88 59.0 39.3 2 

13 

04-

May 61.67 68.61 54.74 22.5 15.0 2 

14 

05-

May 68.72 71.00 66.44 21.1 16.1 1 

15 

06-

May 72.12 66.78 63.47 29.2 16.1 1 

16 

07-

May 67.15 78.12 62.89 63.2 31.1 1 

17 

08-

May 69.43 74.19 65.08 24.3 24.3 1 

18 

11-

May 69.96 75.64 65.90 59.7 26.5 3 

19 

14-

May 70.47 61.01 55.05 18.7 12.5 3 

20 

15-

May 60.79 72.98 60.62 44.1 22.7 1 

21 

21-

May 54.93 61.09 72.54 13.8 6.9 6 

22 

24-

May 56.94 63.73 69.51 17.1 11.4 3 

Mean  70.9 75.8 62.6 

   The monoculture of Portulaca Grandiflora (sedum) is more effec-
tive in retaining stormwater with averagely retaining 75.8% of 
total rainfall volume. In contrast, the green roof test bed planted 
with Axonopus Compressus (cow grass) is only capable to retain 
the rainwater volume of 70.9%. Obviously, Portulaca Grandiflora 

is capable to retain stormwater with averagely 5% higher than the 
Axonopus Compressus (cow grass) species. Previous works have 

also identified sedum species as the most effective plant in exten-
sive green roofs because of their ability for limiting transpiration, 
storing excess water, drought tolerance and shallow substrate 
adaptability. Bare soil was the least effective for reducing water 
runoff with retention percentage of 62.6%. It was proved that veg-
etation had a great influence on the stormwater retention perfor-
mance in extensive green roof. Overall, sedum and grass species 
provided the total retention percentage of 90.6% and 88.2%, re-

spectively in this study. Bare soil only exhibited the total retention 
percentage of 85.9% in retaining the water runoff volume. In 
overall, green roof planted with Portulaca Grandiflora (sedum) 
performs better than others in retaining the stormwater runoff 
volume. These results show that green roof provides the benefit of 
stormwater runoff volume reduction and is useful for stormwater 
management in the urban area. 

 
Fig. 3. Boxplots of stormwater retention percentages for different green 

roof configurations. 

4.1. Effects of Rainfall Characteristics on Stormwater 

Retention Performance 

The effects of rainfall characteristic on the stormwater retention 
performance for each green roof test bed have been investigated 
and the correlation results are presented in Tab. 2. The rainfall 
depth and intensity both show negative correlations with storm-
water retention percentages of green roofs. Meanwhile, bare soil 
test bed correlated significantly negatively (r = -0.459) with rain-
fall intensity. These observations explain that the stormwater re-
tention performance of green roofs is decreasing with the occur-
rence of heavy and intense storm events. Voyde et al. [19] also 

stated that the retention performance of green roof would be ex-
pected to be reduced for larger storm events. Villarreal and 
Bengtsson [20] reported the same outcome which higher retention 
rate was observed for lower rainfall intensity in green roofs in-
stead of higher intensity. Getter et al. (2007) [18] also found that 
the retention values of green roofs were highest for light rain event 
and lowest for heavy rains. VanWoert et al. [10] stated that an 
extensive green roof can retain up to 96% of total light rainfall 

(<0.2 cm), 83% of total medium rainfall (0.2-0.6 cm), and 52% of 
total heavy rainfall (>0.6 cm), respectively. These results have 
suggested that the rainfall characteristics will affect the rainwater 
retention rate of green roof, in which higher rainfall magnitude 
will decrease the stormwater retention performance of extensive 
green roofs. On the other hand, the dry day period correlated posi-
tively with stormwater retention performance of all test beds in 
this study. The longer dry weather period more likely will cause 

greater moisture loss from the soil medium and thus increases the 
water retention capacity of green roof. 
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Tab 2. Correlations between stormwater retention percentages and rainfall 

characteristics 

Test bed 

Rainfall characteristic 

Rainfall depth 

Rainfall 

 Intensity Dry day 

Axonopus Compressus (cow grass) -0.361 -0.324 0.054 

Portulaca Grandiflora (sedum) -0.004 -0.030 0.146 

Bare pot soil -0.315 -0.459
*
 0.009 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

5. Conclusions 

This study has investigated the stormwater retention performance 
of different plant and substrate types in extensive green roofs with 

respect to different rainfall characteristics in Malaysia. The results 
showed that sedum planted green roof exhibited higher mean run-
off retention percentage than that of grass species which recorded 
75.8% and 70.9%, respectively. Bare soil is the least effective test 
bed for reducing water runoff volume with average retention per-
centage of 62.6%. Overall, sedum and grass species provide an 
average of 90.6% and 88.2% of total rainfall retention percentages 
in this study, respectively. The rainfall depth and intensity both 

show significant negative correlations with stormwater retention 
performance of green roofs. Meanwhile, the dry day period is 
correlates positively with the stormwater retention performance of 
green roofs in this study. 
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