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Abstract: Green roofs (GRs) are widely employed in urban areas to mitigate the detrimental impacts by
stormwater flooding. However, a simple yet physical method for assessing the hydrological performance of
GR is still lacking. In this study, we first perform an analysis on the relationship between rainfall depth P and
runoff amount R based on the water balance principle and discuss the different runoff generation mechanisms
on GR. A field experiment is then conducted to examine the P-R relationship constructed in the previous
analysis, which demonstrates good validity in estimating runoff generated on our GR. Numeric simulations
via HYDRUS-1D are then carried out to investigate the runoff generation mechanism on GR as well as to
examine the applicability of the proposed assessment method. The simulation results indicate that both the
saturation and infiltration excess processes occurred on our GR; nonetheless, the infiltration-excess runoff
accounts for only a small portion of the total runoff. This implies that the proposed linear model is applicable
for estimating the runoff from GR even under heavy rainfall condition where the infiltration-excess mecha-
nism is supposedly active.
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Figure 1. Variations of runoff R from GR as a linear function of rainfall depth P with (a) Different initial moisture content 6,,; (b) Different me-
dium layer depth Z,. The red dashed line denotes the relationship between R and P under the zero attenuation scenario (i.e., P = R). Note that the
shape factor C adopts a value 2.5
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Figure 2. Schematic of the onsite experiment conducted at a GR site on Tsinghua campus. (a) The overall layout of the onsite experiment; (b)
The site view of the rain gauge and the vegetation at the rooftop; (c) Left panel: the flowmeter box attached on the wall; right panel: the inte-
rior look of the flowmeter box with monitoring instruments installed
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Table 2. Summary of the field experiment results (the * symbol denotes heavy rainfall events, whose rainfall depths are larger than 50 mm)
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20120709" 52.9 320 36.7 30.6 13 275
20120727 26.9 965 115 57.2 18 249
20120705 10.5 85 0.1 99.1 1 26.1
20120421 6.6 60 0 100 26.1
20120410 29 70 0 100 17
20120418 29 190 0 100 26.1
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20120420 1.8 25 0 100 26
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Table 3. Hydraulic properties of the medium layer calibrated for HYDRUS-1D simulations (the symbols have the same meaning as in Equa-
tions (18) and (19)).
# 3. AT HYDRUS-1D I EREK NSH(ESHB XS (18). K(19)PHR)

6, (m*m™) s (m* m™)

a(cm™) n Ks (cm hr'%)

0.176 0.469

0.03 13 3.6

(a) 20120709
0

10 J_'r 4
ol - T

20 a2 s 2 e 3
- B
sof W )
40F ///\\
\
5ol l; b . 1
p Bt
60 L. N SRR S S— 0
00:00 02:00 04:00 06:00 08:00

(mm /30 min)
(mm / 30 min)

10}
6ol P 4
Y o [ .
oE 80| . ~ 2=
1']:—_:‘.' Y \\/" ~ J \ //\\\__ // \\__ 0 :Ql
& 12:00 16:00 20:00 00:00 04:00
(c) 20120730
0 3
S LLIJ_LJ—‘L!— == i 6
5
10 )
15F h
204
4% ‘l/\\ 2
25 \
25¢ ; | = /, N - 1
00, — . " . N M |
00:00 12:00 00:00
2 b FR AL (7]

Figure 5. Simulation results by HYDRUS-1D for three heavy rainfall events, where saturation-excess and infiltration-excess runoffs from GR
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