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Fig. 1 Multi-scale hydrologic observation watersheds under urbanization in the Yangtze River Delta region
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Table 1 Information about hydrological monitoring stations and observed events for each experimental basin

R K 3k 1 5 1 ‘ ok ) N ‘ )

i A R M5 S/km®> k% Iy Iy S g Fis [ bk K KU EHA SRIRE
XA UL 4E K /NIX SQB 1.6 94.12 1 1 1 2015—2020 4F 25 24 7
[RACS R HLX 9.4 0.15 9 1 13 2015—2020 4E 41 41 N
v T A g R 7TS 40.0 0.95 2 1 1 2015—2020 4F 20 20 N
BT 4k YJR 88.0 4.27 6 1 2 2015—2020 4E 41 37 N
4 BF ¥R i 38 LYR  149.4 10.64 5 1 2 2015—2020 4£ 13 12 N
R NTX  240.7  0.87 6 1 - 2013—2020 4 24 24 7
[LEERES) 82 XTX 1191.5 9.19 12 1 - 1990—2020 4F 34 34 h
RE BRI DTX 1489.1 9.92 14 1 - 2013—2020 4 20 20 h
T 35 3 QHC 2106.7 17.15 10 1 - 1990—2020 4E 28 28 x
Z U ) U B QHR 2798.9 24.14 12 2 - 1990—2020 4f: 11 11 K

2 ZR51e
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K S S AR W T K T 9B R P R S K SCat A, AR T K SCE R A A T Y 3T U
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KRR 6.4 mm; R FEEG S N 20160728, 24 h FHREKE N 16.9 mm; KETFH 45 M 20160615,
24 h EHREKEE 9 37 mm; BT FH S R 20160626, 24 h FEIFEKE K 63.9 mm, ARG KRB IS
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Fig.2 Dynamic change of soil moisture for different land use/cover types under different rain events



%5 EBR, SF . PR T X 22 RUBE K SO 358 55 24 ik K o R B BE A3 AT 747

F2 AEBAKEGETARELMF A/ BHT 58S K2R HFIE

Table 2 Characteristics of soil moisture for different land use/cover types under different rain events

Ry/% Cv
% W9 il o5
10 cm 20 cm 40 c¢m 60 cm 80 cm 10 cm 20 cm 40 c¢m 60 cm 80 c¢m
N TR 0.350 0.300 0.333 0.467 0.517 0.003 0.003 0.003 0.004 0.004
Hi it 1.022 1.278 0.450 0.233 0.617 0.012 0.014 0.004 0.002 0.006
Il Bk b 0.425 0.708 0.233 0.258 0.292 0.005 0.006 0.002 0.003 0.003
JINFR 44
Ak 0.458 0.275 0.392 0.267 0.750 0.003 0.003 0.004 0.003 0.009
W T 4.200 2.133 1.083 3.842 2.617 0.041 0.031 0.011 0.091 0. 040
Jic 2.342 1.900 0.558 0.958 1.408 0.028 0.027 0.009 0.015 0.018
AN TR 3.458 0.575 0.708 0.883 1.292 0.046 0.007 0.008 0.008 0.012
Bk 0.683 0.767 0.792 0.750 0.650 0.007 0.008 0.007 0.007 0.007
I Bk b 0.776 0.825 0.783 0.667 0.908 0.010 0.008 0.007 0.009 0.008
PR
(RN 11.899 0.593 0. 600 0.717 0.758 0.144 0.009 0.008 0.011 0.010

5B 13.125 16.008 2.808 8.100 4.158 0.272 0.394 0.030 0.263 0.067

S i 13.200 5.975 1.058 0.842 1.242 0.247 0.133 0.020 0.012 0.015

N TSR 3.464 2.242 2.361 2.419 1.012 0.033 0.018 0.015 0.022 0.006

Bt 8.123 5.731 2.546 1.741 3.611 0.068 0.043 0.019 0.014 0.031

) I Bk 2.964 2.408 2.636 2.327 1.228 0.034 0.017 0.022 0.023 0.011
KA

(RN 5.699 3.759 4.601 4.319 3.022 0.041 0.021 0.034 0.043 0.030

A 5.267 7.108 4.933 4.383 2.942 0.037 0.062 0.039 0.077 0.029

Bik: 4.917 4.125 3.258 3. 400 4.250 0.045 0.036 0.037 0.047 0.038

AN TR 3.708 2.425 2.725 3.133 1.350 0.043 0.027 0.022 0.033 0.007

Bk H 8.518 5.060 3.673 1.917 4.088 0.080 0.040 0.031 0.020 0.038

i Bk b 4.627 2.875 3.406 2.894 1.154 0.065 0.031 0.033 0.035 0.011
e R

(R 7.074 8.433 4.731 7.072 4.800 0.049 0.053 0.053 0.066 0.055

I M 8.792 7.275 6.142 8.158 6.167 0.081 0.092 0.062 0.142 0.065

S i 6.633 5.575 5.067 19.283 12.697 0.068 0.066 0.075 0.165 0.131
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Fig.3 Characteristics of flood responses for different basins in the Yangtze River Delta region
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Table 3 Pearson correlation coefficient of floods with respect to rainstorm and antecedent wetness characteristics

HOKFRIE R E SQB HLX ZTS YIR LYR NTX XTX DTX QHC QHR
P 0.63"" 0.73"*  0.63""  0.49°" 0.89"" 0.51° 0.60""  0.86"" 0.59 " 0.67°
L. 0.67"" 0.60"" 0.39* 0.87"" 0.40 0.50**  0.69*"  0.44° —
Q Lo 0.71"" 0.68""  0.54~ — 0.80"" 0.46* 0.52%* — 0.51"" 0.71%
Qo — 0.40** — — — — — — 0.40°¢ —
P, — — — — — — — — —
P 0.74%" 0.80"*  0.78"*  0.50"" 0.90"* 0.41° 0.63"*  0.90"" 0.67"" 0.68°
L. 0.78"" 0.62"" — 0.37"% 0.85"" 0.44* 0.45**  0.76""  0.41° —
Qi Lo 0.82"" 0.76 " — — 0.72** 0.47" 0.46"* 0.50"* 0.55*" 0.77 "
Qo — 0.34" — - — — — — 0.52°" —
P, — — — — — — — — —
P 0.98"" 0.80""  0.94"*  0.81°" 0.94"* 0.78**  0.93**  0.94"" 0.95"* 0.95""
1. 0.44 " — — 0.46 " 0.77"* — 0.61"" — —
R Lo 0.41°" 0.49 " 0.36"* 0.58" — 0.29 0.54"" 0.80""
Qo — — — — — — — — 0.46" -
P, . _ _ _ — — — -0.38" —
P — — — — 0.65" — 0.57 — —
e — — — —0.42°"  0.72%" — — — —
a L — — — -0.35° — — — — — —
Qo — -0.34" — 0.35° — — — — —
P, 0.40 " — — — — — — — -0.60"

. =+ RFp<0.01; = FE p<0.05; — TR BEH M,

X b e g B R TR AR P I A, R KCREIE 5 T KB F AR R o U e A S B AR O, R RE
AR | R KSR B RRT, AR At e I R R T AR 0 I RO [RIE, X OMOBR IR AR KN IX, MR T
H 5 BB K R AR S ME Tt 0G I H R0 PR T AR R 0 A 5 O R A A DS MR R i T A A R R, R R
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Fig.4 Temporal variation of annual maximum discharge and impervious area rate of QHR during 1981—2018
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Multi-scale hydrological experimental observations and responding mechanisms
of storm floods in rapid urbanization areas*
WANG Qiang, XU Youpeng, YU Zhihui, LIN Zhixin, GAO Bin

(School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China)

Abstract: Rapid urbanization processes alter the regional underlying surface, leading to changes in the hydrological
cycle. Such changes have made it difficult to explain the traditional water yielding and runoff routing mechanism,
which necessitates our new exploration. In this paper, taking the Yangize River Delta region as an example, we have
conducted the experimental observations in basins with the different urbanization levels and different space scales. Via
the collected first- hand hydrologic data, namely, rainfall, soil moisture, and streamflow with high resolutions
(5 min time intervals) , we adopted data-driven flood feature analysis to reveal the responses of the flood characteris-
tics, such as flood lag time and peak discharge. Then, we discussed the response mechanism of rainstorm and flood
in rapid urbanization areas. The main conclusions are as follows: (D Compared with other land use/cover types, the
response of soil moisture for urban land are more intense under different rainstorm events (usually increasing more
than 4% for the surface layer). The change of underlying surface in urbanized area affects the processes of surface
runoff by influencing the dynamics of soil moisture. The soil moisture content of urban land and wasteland with low
vegetation coverage showed steep rise and fall with the beginning and end of rainfall, while that of land use with high-
er coverage showed slow rise and decline trends. @ Flood peak lag time and peak discharge are mainly controlled by
watershed scale. There have power law relationships between flood lag time and peak flow with watershed scale, and
factors such as impervious surface and topography also have some influences on flood characteristics. (3 Rainstorm is
a direct driving factor of flood in the Yangtze River Delta region. Rainfall characteristics are strongly correlated with
the peak discharge, peak discharge per unit area, and runoff depth, with correlation coefficients above 0.49, 0.41
and 0.78, respectively. In general, the natural geographical characteristics and rainfall are the main factors affecting
the flood characteristics, but the impact of the urban underlying surface on the flood characteristics cannot be ig-
nored. The processes of rainstorm floods have been directed affected by the modification of soil moisture dynamics due
to urbanization. Under the dual role of urbanization and climate change, the regional flood risk would be intensified in

the future.

Key words: urbanization; rainstorm flood; response characteristics; multi- scale experimental observations; the

Yangtze River Delta region
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