
15th International Conference on Urban Drainage, Melbourne, October, 2021 

Page 1 

 
Effect of Design Variables on the Hydrologic Performance of Blue and 
Green Roofs: Preliminary Results from a Comparative Study 
 
Tamer Almaaitah1* & Darko Joksimovic1 
 

1Department of Civil Engineering, Ryerson University, 350 Victoria St, Toronto, Ontario, Canada 
 
*Corresponding author email: tamer.almaaitah@ryerson.ca 

 

Highlights 
• Organic substrates retain more rainwater than mineral-based substrates in green roofs. 
• Blue roofs with smaller weep holes outperform green roofs in managing urban runoff. 
• Green roofs are more influenced by antecedent moisture conditions than blue roofs.  

 

Introduction 
Rapid urbanization and increasing population are growing challenges for cities worldwide. Urbanization 
results in replacing natural permeable surfaces with impermeable surfaces, leading to increased runoff 
volumes and rates and reduced response time, thereby causing floods and environmental problems. 
Furthermore, as the population rises, urban sprawl expands and adds more pressure to existing water 
resources and infrastructure (Trubka et al., 2010). The last few years have seen a growing interest in 
implementing blue-green infrastructure in cities to mitigate the adverse impacts of urbanization and the 
increased pressure on sewer systems. Among blue-green infrastructure are blue and green roofs. Blue roofs 
are non-vegetated source control that retains stormwater and gradually releases it through pre-designed 
drains, whereas green roofs consist of vegetation and soil medium planted over a waterproofing 
membrane (Campisano et al., 2018; Shafique et al., 2016).  
 
There are two types of blue roofs: tray-based blue roofs and check-dam blue roofs. The tray-based blue 
roof consists of trays filled with coarse aggregates designed to temporarily detain water during rainfall 
events (Campisano et al., 2018). In contrast, the check-dam blue roof consists of a number of dams 
incorporated with weep holes drilled at the bottom of each dam to prevent permanent ponding and allow 
for rainwater to slowly drain towards the roof's outlet (Philadelphia Water Department, 2020). The green 
roof's effectiveness is governed by different factors, such as regional-specific climatic conditions and the 
physio-chemical properties of media and plants. The increased research on green roofs in the last decade 
has allowed for a relatively better understanding of green roofs' design parameters and their influence on 
the environmental benefits. For instance, studies that assessed the hydrologic benefits (Sims et al., 2016; 
Gong et al., 2019) and the influence of size and properties of their media (Hill et al., 2016; Gong et al., 
2019). In contrast, the implementation of blue roofs is still limited, possibly be due to their multidisciplinary 
design requirements, lack of confidence and knowledge by practitioners, and uncertainties regarding their 
ecological, financial and hydrologic performance (O'Donnell, 2018; Fenner, 2017).  
 
This paper presents the planning and design criteria, construction and preliminary hydrologic assessment of 
four different setups of check dam blue roof and extensive green roof. The design variables used in these 
setups are smaller-size weep holes versus larger-size weep holes for blue roofs and mineral-based 
substrate versus organic substrate for green roofs. 
 

Methodology 
General Setup 
The four blue and green roof modules were constructed on the fifth-storey roof of the Student Commons 
building at the St. George Campus of the University of Toronto in Ontario, Canada. Each module has a 
drainage area of 2.86 m2 and is elevated from the roof deck to a height of 0.8 m. Check dam blue roof 
modules were designed with different weep hole sizing; one with a 2.4 mm weep hole (BR1) and the other 
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with a 4.8 mm weep hole (BR2). A waterproof membrane was installed along with the module, and 
inspection was carried out for any irregularities. Edges and corners were sealed, and the roof drain was 
maintained on the right side of the module. Three dams made of PVC were installed above the module to 
create barriers for the water flow, as shown in Figure 1a. Two extensive green roof modules; one designed 
with a 10 cm mineral-based substrate layer (GR1) and the other with a 10 cm organic substrate layer (GR2), 
were constructed and covered by pre-grown sedum plants, as shown in Figure 1b.   
 

 
Figure 1. Experimental roof modules at the University of Toronto's St. George campus:  

a) check dam blue roof and b) extensive green roof 
 

Data Collection and Hydrologic Analysis  
The discharge monitoring is carried out using a number of tipping bucket rain gauges placed under the 
modules and connected to a data logger. A weather station was installed on the roof to measure the 
general climatic conditions, including rainfall. Hydrologic analysis of the collected data is performed to 
estimate the retention/detention of each module. The following formulas are used: 

Cvol= ΣQ ΣP⁄        Eqn. (1) 

Where: Cvol: volumetric runoff coefficient for each roof module;  
Q: discharge from each module; and  
P: sum of total precipitation depth. 

RET/DET = (1- Cvol). 100%      Eqn. (2) 

Where: RET/DET: retention or detention of the roof module. 
 

Results and discussion 
A total of seven rainfall events in June-July 2021 are reported and hydrologically analyzed. The analysis 
involves processing rainfall/discharge data and linking the results with rainfall patterns, including rainfall 
depth and antecedent dry period (ADP). Table 1 shows the attributes for the monitored events, whereas 
Figure 2 depicts the corresponding performance of the green and blue roofs. 
 

Table 1. Analysis of the monitored rainfall in June-July 2021 

Rainfall 
Event 

Event date 
Rainfall duration 

(hh:mm) 
Rainfall depth 

(mm) 
Average rainfall 

intensity (mm/h) 
ADP 

[D:hh:mm] 

1 13 June 00:12 1.4 21 - 

2 14 June 00:33 1.6 13.7 0:15:33 

3 18 June 05:09 7.6 16.6 3:08:41 

4 19 June 01:43 5.4 34.0 0:10:35 

5 21 June 06:01 6 16.0 2:13:44 

6 7 July 00:16 then 00:27 4.6 30.7 4:11:27 

7 8 July 08:07 32 35.7 0:23:19 
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Figure 2. Retention and detention percentages for the four green and blue roofs modules (RD: rainfall depth) 

 

Preliminary findings indicate that organic green roofs retain more rainwater than mineral-based green 
roofs, making them more capable of managing urban water. However, a comprehensive assessment 
requires investigating other performance indicators, including peak flow reduction, thermal performance 
and plant health. Furthermore, blue roofs with smaller-size weep holes detained more rainwater than 
larger weep-holes. The detention provides an opportunity for the rainwater to return to its natural 
hydrologic path through evaporation. Nevertheless, the stormwater benefits should be considered with the 
structural capability of the roof and the regional building code. Through initial comparison, it can be 
inferred that the detention of blue roofs with smaller weep holes outperforms the retention of extensive 
green roofs. A possible explanation, which can be observed from the collected data, is that the blue roofs 
are less influenced by the antecedent moisture conditions and are storage-based devices, unlike green 
roofs, which depend on infiltration. 
 
These results represent a significant step forward in understanding the influence of design parameters on 
blue and green roofs. In particular, the ability to compare and contrast the blue and green roofs to develop 
further design guidelines to help communities and professionals in initiating and implementing such 
systems. 
 

Conclusions and future work 
This comparative study shows that organic substrates have higher retention than mineral-based substrates 
in green roofs. In critical antecedent moisture conditions, check dam blue roofs, retrofitted with smaller 
weep holes, can capture more rainwater than extensive green roofs. Further research will be needed to 
test these applications over a wide range of rainfall and under different climatic regions.   
 

References 
Fenner, R., O'Donnell, E., Ahilan, S., Dawson, D., Kapetas, L., Krivtsov, V., Ncube, S. and Vercruysse, K., 2019. Achieving urban flood 

resilience in an uncertain future. Water (Switzerland), 11(5). 
Gong, Y., Yin, D., Li, J., Zhang, X., Wang, W., Fang, X., Shi, H. and Wang, Q. 2019. Performance assessment of extensive green roof 

runoff flow and quality control capacity based on pilot experiments. Science of the Total Environment. 687, pp.505–515. 
Hill, J., Drake, J. and Sleep, B. 2016. Comparisons of extensive green roof media in Southern Ontario. Ecological Engineering. 94, 

pp.418–426.  
Miller, J., Kim, H., Kjeldsen, T., Packman, J., Grebby, S. and Dearden, R., 2014. Assessing the impact of urbanization on storm runoff 

in a peri-urban catchment using historical change in impervious cover. Journal of Hydrology, 515, pp.59-70. 
O'Donnell, E.C., Lamond, J.E. and Thorne, C.R., 2017. Recognising barriers to implementation of Blue-Green Infrastructure: a 

Newcastle case study. Urban Water Journal, [online] 14(9), pp.964–971. 
Philadelphia Water Department, 2020. Stormwater Management Guidance Manual. Version 3.2. , pp.110-118. 
Shafique, M., Kim, R. and Lee, D. 2016. The potential of green-blue roof to manage storm water in urban areas. Nature 

Environment and Pollution Technology. 15(2), pp.715–718. 
Sims, A.W., Robinson, C.E., Smart, C.C., Voogt, J.A., Hay, G.J., Lundholm, J.T., Powers, B. and O'Carroll, D.M. 2016. Retention 

performance of green roofs in three different climate regions. Journal of Hydrology. 542, pp.115–124. 
Trubka, R., Newman, P. and Bilsborough, D., 2010. The Costs of Urban Sprawl – Infrastructure and Transportation. Environment 

Design Guide, Royal Australian Institute of Architects. 

0
10
20
30
40
50
60
70
80
90

100

G
R

1

G
R

2

B
R

1

B
R

2

G
R

1

G
R

2

B
R

1

B
R

2

G
R

1

G
R

2

B
R

1

B
R

2

G
R

1

G
R

2

B
R

1

B
R

2

G
R

1

G
R

2

B
R

1

B
R

2

G
R

1

G
R

2

B
R

1

B
R

2

G
R

1

G
R

2

B
R

1

B
R

2

RD = 1.4
mm

RD = 1.6
mm

RD = 7.6
mm

RD = 5.4
mm

RD = 6
mm

RD = 4.6
mm

RD = 32
mm

R
et

en
ti

o
n

/D
et

en
ti

o
n

 %


