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Influence of impervious surface expansion on flood peak under urbanization—A case
study of Qinhuai River in Nanjing”

Sun Yanwei, Xu Youpeng ™ , Gao Bin, Wang Qiang & Li Shengfeng
(School of Geography and Ocean Sciences, Nanjing University, Nanjing 210023, P.R.China)

Abstract: In recent years, the impervious surface of Qinhuai River Basin in the lower reaches of the Yangize River has expanded rap-
idly due to the rise of urbanization, which has changed the hydrological process of the basin and increased the risk of rainstorm and
flood disasters. This paper takes the Qinhuai River Basin of Nanjing as an example, establishes a watershed hydrological model based
on underlying surface and hydrometeorological data from 1988 to 2015. Through the analysis of impervious surface expansion scenari-
o0s, the spatial expansion of impervious surface from 1988 to 2015 and their impact on the flooding process of the basin is discussed.
The research results show that: (1) The impervious rate of Qinhuai River Basin increased from 3.92% to 19.11% from 1988 to 2015,
and the expansion speed is different in different regions; (2) The average increase of flood peak discharge under impervious surface
scenarios from 2006 to 2015 was greater than that at the beginning of urbanization; Affected by the location of the upper and lower
reaches of the basin and the terrain conditions of the underlying surface, the impact of impervious surface changes at the headwaters of
the Lishui River and Jurong River on the flood peak discharge is more significant than that at the outlet of the downstream; (3) Under
impervious surface expansion scenarios of Qinhuai River Basin and different locations, the flood peak discharge response of small
floods is greater than that of large floods, and when the impervious surface expansion occurs in the main downstream basin, the differ-
ence between the peak increase of large and small floods is more significant than that at the headwaters.
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Tab.1 Calibration parameters of each subbasin

i WEER/h AR R I BT TR /h R AR B EL

W1 4.2 0.23 0.88 0.18 Wil 4.6 0.23 0.89 0.05
w2 3.5 0.23 0.91 0.10 W12 3.7 0.23 0.90 0.15
w3 3.4 0.23 0.93 0.10 W13 4.9 0.26 0.89 0.10
W4 4.5 0.25 0.85 0.15 W14 4.6 0.24 0.90 0.01
W5 4.3 0.23 0.92 0.01 W15 4.2 0.23 0.95 0.20
W6 3.6 0.23 0.91 0.10 w16 3.5 0.24 0.91 0.10
w7 3.3 0.26 0.90 0.05 w17 3.1 0.24 0.91 0.01
W8 3.6 0.24 0.89 0.15 W18 35 0.25 0.92 0.20
W9 4.0 0.26 0.87 0.09 W19 3.1 0.24 0.90 0.20
W10 4.7 0.25 0.90 0.20

2 WHEIL R E S

Tab.2 Calibration parameters of river confluence

o K/h Wikt X ks K/h i L X
RI 2.0 0.10 R13 2.1 0.11
R2 22 0.13 R14 2.1 0.11
R3 2.0 0.10 RIS 1.5 0.07
R4 23 0.13 R16 2.2 0.10
RS 2.0 0.10 R17 2.0 0.10
R6 2.4 0.14 RI8 2.2 0.13
R7 1.1 0.06 R19 1.6 0.08
RS 1.7 0.09 R20 2.1 0.10
R9 2.1 0.10 R21 2.0 0.10
R10 1.7 0.10 R22 2.4 0.14
RI1 2.0 0.10 R23 2.0 0.10

R12 1.4 0.07 R24 2.0 0.10
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Tab.3 Model calibration and test results of flood events

HK K 4 ) FH s ] LIS R?

HER R 199607 1988 4E 0.77 0.82
201007 2011 4 0.88 0.92
201207 2011 4 0.81 0.84
201407 2013 4 0.82 0.88

0K 200808 2006 4E 0.90 0.95
200907 2009 4F 0.74 0.81
201106 2011 4¢ 0.90 0.91
201107 2011 4§ 0.73 0.81
201208 2011 4§ 0.82 0.92
201307 2013 4F 0.88 0.92
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Fig.2 Comparison between simulated and measured flood processes of some stations
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Tab.4 Statistics of impervious rate and average annual growth rate of impervious surface in Qinhuai River Basin

ABEIKA/ % BRI/ %
XI5
1988 4 1994 4F 2001 4= 2006 4F 2009 4% 2011 4F 2013 4F 2015 45 1988— 2006 4F  2006— 2015 4%
MRIRX LT X 4.45 6.43 11.98 17.90 21.30 25.39 26.06 28.85 8.04 5.44
KX 2.91 3.14 5.98 6.52 8.62 12.10 11.20 14.88 4.58 9.60
AT 3.75 2.49 5.61 4.99 6.27 7.16 9.94 9.08 1.60 6.87
I, 3.92 440 8.58 11.13 13.52 16.34 17.49 19.11 5.97 6.19
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Fig.3 Spatial distribution of impervious surface in the basin from 1988 to 2015
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Tab.5 Comparison of flood peak increases of different magnitudes
1988 43It/ #1988 AR LI TKIE /% 2015 4E -2k i/
BokRa kK e RNhe
(m’/s) 1994 4§ 2006 4 2015 4 %
NI/ 201007 515.3 8.79 22.86 45.26 31.96
201106 551.3 7.02 18.07 34.84
201207 372.5 7.25 17.02 35.57
201208 676.3 3.25 6.33 17.21
201307 624.3 5.48 14.11 26.94
Ktk 199607 726.9 4.72 11.98 23.90 22.45
200808 785.4 4.74 12.11 23.80
200907 919.4 5.33 12.54 27.44
201107 7325 2.99 7.89 14.66
201407 871.6 4.58 11.07 22.46
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Fig.5 Spatial pattern division of upper and lower reaches
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Tab.6 Comparison of average increase of flood peak discharge and impervious area in each basin unit
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Fig.7 Changes in flood peak discharge of different magnitudes under the spatial pattern of the basin
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