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Assessing the rainwater runoff reduction effects of typical green roofs in a humid

subtropical city
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Abstract: Roof greening provides a promising solution to urban flooding because of the commonly assumed effect on
rainwater runoff reduction; however, few studies have investigated this effect in humid subtropical areas using long—term
monitoring data. In this study, we evaluated two typical types of green roofs, extensive and intensive, in Nanjing City for
their capacity to reduce runoff based on empirical hydrological equations calibrated with field measurement data collected
over a whole year circle. We analyzed the variations in rainwater retention, evaporation, and runoff with respect to season
and rainfall types. Based on paired rainfall —runoff data of 77 events over the year, the curve numbers (CN) of the two
green roofs were calculated, and the annual runoff reduction of the city —scale roof greening was assessed. The results
showed that annual runoff reduction rates of the extensive and intensive green roofs were 42% and 60.7% , respectively. The
runoff reduction magnitude was highest in spring, followed by winter, autumn, and summer, with respective average
reduction rates of 78.6% , 47.5% , 33.2% , and 32.9% for the extensive green roof and 98% , 84.3% , 49.5% , and 48.1%

for the intensive roof. Soil played a dominant role in rainwater retention, accounting for 52% and 62% of the total runoff
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reduction for the extensive and intensive green roofs, respectively. Precipitation and rainfall intensity were key factors
affecting runoff effects, both being negatively correlated with the runoff reduction rate (P < 0.01). Antecedent soil moisture
was negatively correlated with the runoff reduction rate for the extensive green roof (0.01<P < 0.05) but showed no
significant correlation for the intensive green roof. The CNs of the extensive and intensive green roofs were assessed to be 92
and 88, respectively, compared with the value of 98 for conventional impervious roofs. A hypothetical 60% coverage of
extensive and intensive greening on all building roofs in the main city of Nanjing might lead to an annual runoff reduction of
2.8 x 10" m’ and 4.2 x 10’ m’, respectively. These results can provide a scientific basis for urban stormwater management

and sponge city construction.

Key Words: green roof; runoff retention; SCS-CN model; curve number
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Fig.1 Site characteristics of the two experimental green roofs
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Table 1 Plants and soil characteristics of the two experimental green roofs

T 22 1 T AR IR IR LA b A

Roof type Area/m” Soil depth/mm  Soil composition Plant species

il % 74 (B3) it et BERA - _

Extensive 1420 50 Wa: WA 3:3:2:101 KT F L ( Sedum lineare Thunb)

AEE A (F4) 1936 350 [ ] W T % v ( Ligustrum  lucidum Aiton ) | ¥ € ( Osmanthus
Intensive Sragrans) . ZL W ( Acer palmatum * Atropurpureum’ ) . 7% £

( Camellia japonica ) . 48 W 28 ( Prunus cerasifera ) . % 1 #
(Punica granatum) FEAE ( Prunus serrulata) | E& & ( Hygrophila
corymbosa) ZIAE 4k A EK ( Loropetalum chinense) . £1. W 1 f Bk
( Photinia serrulata ) . 4 # 2 91 Bk ( Ligustrum japonicum
Thunb) . & 89 ( Rhododendron pulchrum) . X N 5§ ( Gaillardia
pulchella) NEARRES ( Phlox subulata) |z 7 ¥ 2 ( Jasminum
mesnyi Hance) 4" 2% 4 ( Ophiopogon japonicus ) 5 £1 16 55
( Lycoris radiata) {RAE
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Fig.2 Vertical structure and sensor position of the two experimental green roofs
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Table 2 Seasonal variations of rainfall characteristics over a year circle

[EEE:! S8 #3—5H X 6—8 H #o—11 A £ 12—2 A it
Rainfall type Parameters Spring Summer Autumn Winter Total
TR R R R B K 0 3 3 0 6
Torrential rainfall R TR s/ 0 71 53 0 124
[ B i/ /mm 0 402.4 272.4 0 674.8
pNT) Ree R R B 2 2 0 2 6
Heavy rainfall R i H/h 15 29.75 0 47.5 92.25
R RN B L/ mm 62.6 52.8 0 59.4 174.8
i R R R K 5 3 4 4 16
Medium rainfall [ FR i /b 58 16.75 97 86.25 258
[T 6 B/ mm 82.2 49.2 66 71.4 268.8
/INF Rae R R B 16 13 14 6 49
Light rainfall F& W i H /b 97.25 85.5 87.75 56 326.5
P& LA/ mm 63 53 50.8 21.8 188.6
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Table 3 Seasonal distribution of rainwater retention, runoff and evaporation at the two green roof sites

S fAi 5% Extensive green roof( B3) FEFA% Intensive green roof ( F4)
Parameters &% HF  wE &3 itk &E H5F  KE &% it
Spring Summer Autumn Winter Total Spring Summer Autumn Winter Total
E/mm 12.1 14.8 11.3 4.4 42.6 21.6 29.9 20.6 10.7 82.8
V/mm 11.5 10.4 10.5 6.0 38.4 18.4 16.4 16.8 9.6 61.2
S,/mm 86.6 106.3 58.2 31.7 282.8 120.8 167.4 117.3 85.7 491.2
S,/mm 53.2 51.9 49.2 30.4 184.7 42.8 54.3 38.0 22.7 157.8
Q/mm 44.4 374.0 260.0 80.1 758.5 4.2 289.4 196.5 23.9 514.0
Fe I 78.6 32.9 33.2 47.5 42.0 98.0 48.1 49.5 84.3 60.7

Reduction rate/%
E. 7% % & , Evaporation; V. Hi# # B & , Plant interception; S, ; T3 B8 &, Soil retention; S, ; HE /K JZ 45 # # B &, Structural retention; Q; 12 i

&, Runoff
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Fig.3 Seasonal differences in composition of rainwater retention, evaporation and runoff
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Fig.4 Composition of rainwater retention, evaporation and runoff for different rainfall types
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Table 4 Correlations between runoff reduction rates and background environmental-climatic factors

oA B8 fii 57 Extensive green roof AEFET Intensive green roof
Input parameters HACHE B EKF HACHE B3R
Correlation Significance Correlation Significance
Wb LGB Initial soil moisture/% -0.226" 0.048 -0.208 0.069
F4FR -+ Precipitation/mm -0.765*" 0.000 -0.840*" 0.000
TR 5% B Rainfall intensity/ ( mm/h) -0.427 ** 0.000 -0.459 ** 0.000
KAIRE Air temperature/C -0.019 0.870 -0.138 0.230
FXTHEE Relative humidity/% -0.454 ** 0.000 -0.335** 0.003
K Wind speed/ (m/s) 0.142 0.218 0.105 0.364
KRS Solar radiation/ (W/m?) 0.170 0.139 0.099 0.391

RN E KT P<0.01, * R B F KT 0.01<P<0.05

2 o TR U I il 0 5 kA O 5 P2 SR G B W 2 AR G 2R (P < 0.01) AT H X AR
R DAY BIR A, a8 o BB, 22 A R R A e AR IR 2 HE Y DRI R A AR 20 30 1) DRl 3B R e i i
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Fig.5 Paired rainfall-runoff data and associated CN values for the 77 rainfall events
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Table 5 Previous evaluations of green—roof CN values in foreign countries
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