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Abstract: The impervious surface increase driven by rapid urbanization directly causes flood peak and total runoff
increasing in watershed. An important way to reconstruct eco-hydrological process of watershed is sponge city construction.
Sponge city can enhance the pervious surface through ecological infrastructure network construction. However, the role of
sponge city construction in eco-hydrological process of spongy body in watershed is still unclear. This paper takes Honghu
Area of Buji River watershed in Shenzhen as an example to assess eco-hydrological process after sponge city construction.
The assessment method was online continuous monitoring of hydrological process elements in rainy season. The results
showed that rainfall volume in rainy season affected indirectly the total surface runoff in Honghu Area on mesoscale. The
rainfall intensity significantly affected the peak runoff flow in Honghu Area ( P<0.05). The daily rainfall volume had a very
significant effect on the water quality of Buji River ( P<0.01). Pervious surface in Honghu Area increased through sponge
city construction of 28.0% (0.85 km®). The construction of biological retention facilities and permeable pavement and
others strengthened the evapotranspiration and infiltration process in Honghu Area. Sponge facilities promoted Honghu Area
reduced the total surface runoff in rainy season by 97.2% (2.4872 million m’). Peak flow was reduced by more than 98.2%
under two typical rainfall. The water level of waterlogging points was reduced to less than 7.8 c¢m in rainy season. The rest
2.8% surface runoff formed river runoff of Buji River. The reduction of surface runoff had no directly quantitative
relationship with sponge area ( proportion). The pollutants intercepted time and space improved with the water retention
capacity in Honghu Area. Adequate interception of pollutants promoted monthly average concentration of SS ( suspended
solids) discharge lower than 15.60 mg/L. The lower SS concentration indicated that the total amount of pollutants from
runoff decreased and migrated slowly to Buji River. Effective interception of pollutants promoted black and odour in Buji
River dissolved and water quality improved to Class IV. The influence of sponge city construction on eco-hydrological
process on mesoscale was different with that on microscale. The quantitative relationship between rainfall and eco-
hydrological process of typical projects was not obvious. School, road and community park used green roof and permeable
paving and others to strengthen infiltration and evapotranspiration. The sponge facilities promoted the typical projects
reduced runoff in rainy season by more than 99.0% , and reduced peak flow by more than 97.0% , and controlled monthly
average concentration of SS below 17.10 mg/L. In conclusion, our research results strongly suggest that sponge city
construction can reduce the total runoff, peak flow, ponding water level and runoff pollution in Honghu Area. Coupling
construction of source emission reduction facilities and storage facilities on microscale and mesoscale is an effective way to

improve the eco-hydrological processes of similar watershed.

Key Words: watershed; runoff; peak flow; monitoring; water quality
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Fig.1 Distribution of sponge city construction projects in
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Table 1 Monitoring contents of Honghu Area

W e A W s W A WA

Monitoring site type Monitoring site number Monitoring indicators Monitoring frequency

M ¥ Precipitation station Y-1 R Rl 1t 5min/ K

HEZK 4 X HE 1T Catchment discharge outlet H-1.H-2 H-3 Wi Al SS W 15min/¥K; SS 30min/ K
HEZK 43 K 3 1 Catchment overflow outlet Y#-1,Y#-2 Y#-3 Y44 i 15min/ K

HAIIF H Typical program Y#-5.Y#-6 Y#-7 Vi E A SS P 15min/iK; SS 30min/ IR
55 1. Waterlogged point N-1,N-2 N-3 IKAL 15min/ ¥

Z KA Receiving water BJ-1.BJ-2 .BJ-3.BJ-4 IK 1—2 JE/ Ik

SS: & IFWY Suspended solids

Hizk 4 K38 A4
W
Tkt
Tk +SS
WKE K
WAL

7K 5 M 0 Bt v
Hoko

FiKH

{8 4/ 1

2 HHMARRENCESH
Fig.2 Distribution of monitoring sites in Honghu Area

SS: B IFW Suspended solids
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Fig.3 Radar flowmeter installation diagram in rainwater well
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Fig.5 Two typical rainfall duration curves
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Table 2 Total runoff control rate of each catchment area in Honghu Area in rainy season

ey
HEK AR A4 . LT L mRAR RORR  RRNRE Beemks O
Catchment ) Spong area/ . Total runoft/ Discharge/ Overflow/ Control
Area/km ) Rainfall/mm 3 3 R 3 Total runoff
areas hm m m m runoff/m
control rate/%

A 0.50 9.26 852.6 426300.0 6258.3 0 420041.7 98.5

B 1.60 46.11 852.6 1364160.0 31800.2 7333.9 1325025.9 97.1

C 0.29 5.00 852.6 247254.0 25154.6 39.6 222059.8 89.8

D 0.61 24.63 852.6 520086.0 0 0 520086.0 100
] X
HEBLAT B 3.00 85.00 852.6 2557800.0 63213.1 7373.5 2487213.4 97.2

Honghu Area
FH A B.C M1 D 2 BIARERBEM R IX 4 AT HEK S X

B 6 BRI FKEBREMERERHE (A7) BRE

Fig.6 Effect pictures of permeable pavement, rainwater reuse system and vegetation buffer strips ( Buji River)
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Fig.7 Peak flow of each catchment area in Honghu Area during the two typical rainfall
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Table 3 Monthly average SS concentration discharged by each catchment area in Honghu Area

HEK 431X 44 H ¥4 SS HERCHEE Monthly average SS emission concentration/ ( mg/L)
Catchment areas 6 H June 7 A Tuly 8 H August 9 H September
A 1.53 1.63 9.66 8.81
B 7.74 1.41 15.59 3.21
C 1.08 0.54 12.42 8.81
D 0 0 0 0
LI A X Honghu Area 4.49 1.08 11.13 4.03

2.3 BRSSO HESS B W2 Sy
2.3.1  BLAUIR H AR R R

M 4 AT LUE 5 H bR AR R SR AR T H mAEIARHISE (P>0.05) , 2B T D HHOW R
JEMRAR T B TC EH R, N 8 FTLLE Mk i 5 , A= A T A2 i oA, R Wi i 4t £
o= THUAER P 22 1T /K RIS 7K I P 8% i 80 25t T T 7 e 42 1 2 0 b 38 A0 i 4K, T I 7 A T T R AR 30 99%
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Table 4 Total runoff control rate of typical projects in Honghu Area

VW S I I I BRI
1A 47 WEHS g BREE MEROR Rk COCR R
. Monitoring ) 3 . 3 3 Total runoff

Projects . Area/hm Total runoff/m Discharge/m” Control runoff/m
site number control rate/%
2# ¢ School Y#-5 1.29 10998.5 0 10998.5 100
T8 [ Road Y#-6 6.45 54992.7 26.20 54966.5 99.9
T [ N
HhX 2 Y#-7 0.92 7843.9 72.30 7771.6 99.1

Community park

B8 R EERMEXAEESEETEENEE

Fig.8 Sponge city construction effect pictures of school, road and community park
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BEJa, 2 AR i B I8 0 A O o 0 0 8 R 1 e A T, 2 el S b ™ A4 R 98 77 i, A 3% b R AR T 0F A5
M, 9 H 15 HEDIRE SR RN T, = AN H BN 0, 2% B 45 0 i 8 e SR I B4 R0 A e
W HE
2.3.3 AT H AR TS YR AR

M 5 ATLUE 30 H A R AR i A 1 SS Yk EE 5 A BRI & 10T B T BUAH OGS 1B 3 (P>0.05) , KW
R RN T R T RGO H AR MR AR TS Y EESE N, 250 H HEE SS A PRI T 15 me/L, K
25T JE R 1 VAR 268 TRt 6 AR U T 4 o O T R A T YRR M SRAR U DR S A5 1A 20Hs

F5 WA RARGIEATY SS HHGRE
Table 5 Monthly average SS concentration discharged by typical projects in Honghu Area

T H 4 % H -4 SS HEHEEE Monthly average SS emission concentration/ ( mg/1.)

Projects 6 H June 7 A July 8 H August 9 H September
21 School 0 0 0 0

B H Road 1.95 4.21 5.03 8.12
#1 X2 Community park 0.85 4.20 14.58 12.75

2.4 5yE7 mBUKOKA W Z SR E A
M 10 AT LU A o i B0n |, 72 R R FT A SR e S B AN 4 857 B B SE BT, i)
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Fig.10 Water level of waterlogging points in Honghu Area during the two typical rainfall
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Fig.11 Change of black odor indices of Buji River ( Honghu Area) in rainy season of 2020
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Table 6 Correlation coefficient between daily rainfall and water quality index of Buji River ( Honghu Area)
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Fig.12 Change of Other indices of Buji River ( Honghu Area) in rainy season of 2020
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