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Text S1

In the Class 2, the significant control factors are in the catchments of Yangtze (18.4%, 7/38), Yellow (25%, 1/4) and Pearl
(50%, 2/4) River Basins, particularly the total and mean precipitations, and drought index during the event with the correlation
coefficients of 0.61-0.99, 0.58-0.99 and 0.50-0.98, respectively (Table 4 and Figure S2). The contributions only in the
Shimenkan, Tangdukou and Xiaogulu catchments are statistically significant with the total values of 90.7-96.8%. The
contributions of meteorological category are the greatest with the values of 71.9-95.9%. In the Class 4, the significant control
factors are in the catchments of Yellow (75%, 3/4), Songliao (50%, 2/4) and Pearl (50%, 2/4) River Basins, particularly the
total precipitation during the event, and the drought index in the corresponding year with the correlation coefficients of 0.53—
1.00 and 0.45-0.93, respectively (Figure S4). The contributions only in the Liangshuikou and Hezikou catchments are
statistically significant with the total values of 87.0-98.1%. The factors in the meteorological category also contribute the most
considerably with the values of 76.8-82.1%. In the Classes 3 and 5, the contributions are not statistically significant in all the
catchments because of the smaller numbers of flood events (Figures S3 and S5). However, several important control factors
are also statistically significant in the catchments of Yangtze (26.3%, 10/38) and Southeast (40%, 2/5) River Basin for Class
3 (e.g., total and mean precipitations during the event with the correlation coefficients of 0.77-0.99 and 0.70-1.00,
respectively), and Huaihe (61.5%, 8/13) and Yangtze (26.3%, 7/38) River Basin for Class 5 (e.g., the drought index in the
corresponding year and during the event, and the annual mean precipitation amount with the correlation coefficients of 0.62—
0.86, 0.68—1.00 and 0.65-0.92, respectively).
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Figure S1. Spatial distributions of load coefficients of all the principal components.
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Figure S2. Significant control factors and their correlation coefficients for the temporal variabilities of flood event Class 2 in the
individual catchments. The gray color means the control factor without statistical significance.

Note: Anren, Dutou, Jiahe, Loudi, Shimenkan, Shuangfeng and Tangdukou catchments are in the Yangtze River Basin; Luanchuan
catchment is in the Yellow River Basin; Hezikou and Xiaogulu catchments are in the Pearl River Basin
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Figure S3. Significant control factors and their correlation coefficients for the temporal variabilities of flood event Class 3 in the
individual catchments. The gray color means the control factor without statistical significance.

Note: Chengcun, Jinping, Liangshuikou, Loudi, Miping, Shuangfeng, Shuangjiangkou, Tongtang, Yucun and Yuexi catchments are in the
Yangtze River Basin; Longshan and Zhaoan catchments are in the Pearl River Basin
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Figure S4. Significant control factors and their correlation coefficients for the temporal variabilities of flood event Class 4 in the
individual catchments. The gray color means the control factor without statistical significance.

Note: Jingyu and Yitong catchments are in the Songliao River Basin; Luanchuan, Qiaotou and Tantou catchments are in the Yellow River
Basin; Luzhuang and Ziluoshan catchments are in the Huaihe River Basin; Dutou, Ligingdian, Liangshuikou, Pingshi, Shuangfeng, Xupu,
Yanling and Yuexi catchment are in the Yangtze River Basin; Zhaoan catchment is in the Southeast River Basin; Hezikou and Libo

catchments are in the Pearl River Basin
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Figure S5. Significant control factors and their correlation coefficients for the temporal variabilities of flood event Class 5 in the

individual catchments. The gray color means the control factor without statistical significance.
Note: Beimiaoji, Huangnizhuang, Peihe, Qilin, Xiagushan, Xinxian, Zhongtang and Zhuganpu catchments are in the Huaihe River Basin;
Anhe, Anren, Ligingdian, Miping, Tanghe, Tonggu and Xixia catchments are in the Yangtze River Basin.
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Figure S6. Variations of the other 30 critical control factors among Classes 1-5. The solid darkred dot and gray dot define the mean
and 50th percentile values, respectively. Each black box means the 25th and 75th percentile values, and the vertical line defines the
minimum and maximum values without outliers. The violin shape means the frequency distribution of control factor, and the unfilled
shape means the control factor without statistical significance.



Table S1. Total numbers and densities of hydrological stations and flood events in different river basins

Basin Area Number Density
(10%km?) Station Flood event  Station (10 station/km?)  Event (10 event/km?)

Songliao River Basin 124.92 4 53 0.03 0.42
Yellow River Basin 75.24 4 104 0.05 1.38
Huaihe River Basin 27.00 13 215 0.48 7.96
Yangtze River Basin 180.85 38 844 0.21 4.67
Southeast River Basin 24.02 5 90 0.21 3.75
Pearl River Basin 45.36 4 140 0.09 3.09




Table S2. Criteria of classification performance assessment

ID  Criteria name Abbreviation Equation Reference
DIEF,
1 Krzanowski-Lai KL KL(q) = |———1 Krzanowski and Lai 1988
DIEF,,
o CH(a) = trace(B,)/(q-1) o
2 Calinski-Harabasz CH (@ trace(W,) (n-) Calinski and Harabasz 1974
. trace(W,)
. . H = 9 1 - i
3 Hartigan Hartigan artigan = ( trace(W,.) Xn fakkigan 1975
-E(R? np
4 Cubic Clustering Criterion CCC CCC= In[ 1 E(Rz ) }—‘/garl%lﬁ%
1-R (0.001+E(R%))"
Soott = nlog o).
5  Scott Scott g det(W,) Scott and Symons 1971
6  Marriot Marriot Marriot = qzdet(Wq) Marriot 1971
7 Trcovw TrCovW Treovw = trace(COV(W,))  Milligan and Cooper 1985
8  Tracew TraceW Tracew = trace(W,) Milligan and Cooper 1985
9  Friedman Friedman Friedman = trace(\Nq'qu) Friedman and Rubin 1967
, . 25()
10  Silhouett Silhouett , Ropgseeuw 1987
Hhouette Hhouette Silhouette :ﬁT,SilhouetteE H%T
S
11 Ratkowsky-Lance Ratkowsky Ratkowsky = W Ratkowsky and Lance 1978
Wq
12 Ball Ball Ball = F Ball and Hall 1965
o [Se-SulNG NN
13  Ptbiserial Ptbiserial Ptbiserial =%llllgan 1980, 1981
d
min (C,,C;)
D _ _1s<j=q
14 Dunn Dunn unn max_diam(C, ) Dunn 1974
1=k=q
i i Rubin = det(T) i i
15 Rubin Rubin det(W,) Friedman and Rubin 1967
. : Sw - Smin i
16 C-Index Cindex Cindex = ﬁ*smin #S, Habeexsd (Oel)n 1976
. . 13 5. +6, . .
17 Davies-Bouldin DB DB(q) = a ET&X(T) Davies and Bouldin 1979
k=1 ki
2 [20-%)
18 Duda Duda Duda > 1-%- —~ = crivla@nd el 1973
Vkl
19 Pseudo t? Pseudot?2 Pseudot2= Duda and Hart 1973
N +Ng-2
, , S, S,IN, )
20 McClain-Rao McClain McClain = == *——* McClain and Rao 1975
S, S,/N,
21 SD validity SDindex SDindex( q) = eScat(q) + Dis(qHalkidi et al. 2000
22  SDbw validity SDbw SDbw(q) = Scat(q) + Density .biédkidi and Vazirgiannis 2001
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Note: g is the number of clusters; n is the number of observations; p is the number of variables; Bq is the between-group dispersion matrix
for data clustered into q clusters; Wyq is the within-group dispersion matrix for data clustered into q clusters; R? is the coefficient of
determination; T is the total sum of squares; Sy is the sum of the between-cluster distances; Sw is the sum of the within-cluster distances;
Sy is the ratio of the Sp and Np; 5, is the ratio of the Sw and Nw; Nw is the total number of pairs of observations belonging to the same
cluster; Np is the total number of pairs of observations belonging to different clusters; Nt is the total number of pairs of observations in the
data set; Smax is the sum of the Nw largest distances between all the pairs of points in the entire data set; Smin is the sum of the Nw smallest
distances between all the pairs of points in the entire data set (there are Nt such pairs); Sq is the standard deviation of all distances; § is the
average of the ratios of sum and total sum of squares between the clusters for each variable; i is the number ranges from 1 to n; j is the
number ranges from 1 to p; k, | and m is the cluster number ranges from 1 to q; Ci; Cj and Ck are the different clusters; nk, ni and nmare the
number of objects in cluster Ck, Ci and Cm, respectively; Wk, Wi and Wm are the squared errors of the different clusters; Vi equals Wm
minus Wk and then minus Wi; dw is the distance between centroids of clusters Cx and Ci; & kand & jare the standard deviation of the

distance of objects in cluster Ck and Ci, respectively.
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Table S3. Results of independence and linear correlation tests among different flood response metrics

Correlation coefficient

Methods R Qi OV Tom  Tw Tarm RQ: RQq Nk
R 0.68 0.4 000 0.06 0.14 0.26 0.34 0.34
Qpk 0.00 041 002 -0.03 -0.18 0.75 0.77 0.08
cv 0.00  0.00 0.06 -0.24 0.18 0.38 0.19  -0.21
Toen 0.93 045  0.02 -0.12 0.07 0.04 0.04  -0.04
p-value for

ANOVA oot To 002 079 000 0.0 -0.14 -0.19 0.11 0.14
Tam 0.00 0.0 000 001 0.00 019 028 023
RQ: 0.00 0.00 000 072 0.0 0.00 0.68  -0.03
RQq 0.00 0.00 000 0.5 0.0 0.00 0.00 0.02

Npk 0.00 000 000 077 0.00 0.00 0.31 0.38

Note: the bold value indicates that the test passes the 95% significance test, and the italic value indicates that the test does not pass the 95%

significance test.”
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Table S4. Average, standard deviation, median, maximum and minimum of flood response metrics in different classes

Characteristic

value Class R(mm-day')  Qpk(mm-day") (0)% Togn Tpk(%) Tam(h) RQ:(h") RQu(h) Npk
1 43.97+£29.94 2.044+2.51 0.90+0.26  2.28+0.49  27.1449.60  103.92+43.39  0.13+0.32  0.04+0.07 1.31+0.51
Averagex 2 45.81+34.01 2.214£2.52 0.87+£0.25 3.06£0.69 50.64+£10.28  83.82+41.20  0.08+0.14  0.08+0.12  1.32+0.50
Standard 3 143.97+108.33 5.23+6.04 0.84+0.22  3.244+0.61 33.90+15.02 145.26+68.99 0.25+0.62  0.12+0.28 2.67+0.76
Deviation 4 33.31+£26.64 1.69+2.11 0.86+£0.26  3.85+0.51 26.11+9.09 85.73£39.97  0.14+0.30  0.04+£0.08 1.24+0.43
5 65.79+43.80 2.98+3.68 1.40+£0.43  3.43+0.61 23.74+13.60 202.88+85.42 0.18+0.62  0.03+0.04 1.24+0.46

1 35.63 1.17 0.89 2.30 27.27 97.01 0.05 0.02 1.00

2 37.84 1.36 0.84 3.03 49.04 76.99 0.04 0.04 1.00

Median 3 115.53 3.09 0.82 3.21 32.09 139.01 0.07 0.03 3.00

4 25.09 1.00 0.83 3.79 26.39 79.01 0.05 0.02 1.00

5 57.11 1.92 1.32 3.42 21.26 190.99 0.04 0.01 1.00

1 171.48 22.92 1.97 3.24 57.14 357.00 4.58 0.74 3.00

2 194.87 19.84 1.81 4.65 86.96 256.99 1.24 1.06 3.00

Maximum 3 610.70 34.79 1.45 4.72 79.91 493.99 6.89 2.45 4.00

4 174.43 21.02 2.12 5.25 55.67 241.01 3.50 0.91 3.00

5 201.00 27.18 3.15 5.24 81.56 465.00 6.76 0.31 3.00

1 3.22 0.13 0.33 1.05 4.17 25.01 0.00 0.00 1.00

2 1.11 0.07 0.32 1.09 32.65 13.99 0.00 0.00 1.00

Minimum 3 7.79 0.14 0.32 1.07 4.47 19.99 0.00 0.00 1.00

4 1.17 0.04 0.29 2.88 5.56 16.99 0.00 0.00 1.00

5 1.54 0.07 0.65 1.57 1.61 25.01 0.00 0.00 1.00
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Table S5. Flood event number and their percentages of individual classes in all the selected catchments

. . . Flood event number of class Percentage(%)

Basins Stations Abbreviations 1 > 3 7 5 Total 1 2 3 7 5
Dongfeng DF 0 3 1 9 1 14 0.0 21.4 7.1 64.3 7.1
Jingyu JY 0 3 1 9 0 13 0.0 23.1 7.7 69.2 0.0

Songliao  Muling ML 0 0 2 7 3 12 0.0 0.0 16.7 58.3 25.0
Yitong YT 0 6 0 7 1 14 0.0 429 0.0 50.0 7.1

Total 0 12 4 32 5 53 0.0 22.6 7.5 60.4 9.4
Huating HT 0 2 0 7 2 11 0.0 18.2 0.0 63.6 18.2
Luanchuan LC 4 6 2 27 0 39 103 15.4 51 69.2 0.0

Yellow  Qiaotou QT 0 4 1 17 0 22 0.0 18.2 45 77.3 0.0

Tantou TT 7 2 2 16 5 32 219 6.3 6.3 50.0 15.6

Total 11 14 5 67 7 104 10.6 135 4.8 64.4 6.7
Beimiaoji BM 0 0 0 0 12 12 0.0 0.0 0.0 0.0 100.0
Dapoling DP 0 6 1 5 9 21 0.0 28.6 4.8 23.8 429
Huangnizhuang HN 1 0 1 4 4 10 10.0 0.0 10.0 40.0 40.0
Lixin LX 0 5 5 4 4 18 0.0 27.8 27.8 222 22.2
Luzhuang Lz 1 0 0 4 6 11 9.1 0.0 0.0 36.4 54.5
Peihe PH 5 0 1 5 7 18 278 0.0 5.6 27.8 389

Huaihe Q!Iin QL 2 0 0 1 7 10 20.0 0.0 0.0 10.0 70.0
Xiagushan XG 3 3 1 3 9 19 158 15.8 5.3 15.8 474
Xinxian XX 3 3 2 2 14 24 125 125 8.3 8.3 58.3
Yangzhuang YZ 0 5 1 2 2 10 0.0 50.0 10.0 20.0 20.0
Zhongtang zZT 2 3 1 4 5 15 133 20.0 6.7 26.7 333
Zhuganpu ZG 4 2 1 2 17 26 154 7.7 3.8 7.7 65.4
Ziluoshan ZL 3 2 2 8 6 21 143 9.5 9.5 38.1 28.6

Total 24 29 16 44 102 215 112 13.5 7.4 20.5 474
Anhe AH 5 3 2 3 1 14 357 21.4 14.3 21.4 7.1
Anren AR 8 14 3 3 5 33 242 424 9.1 9.1 15.2
Baitugang BT 1 3 1 6 0 11 9.1 27.3 9.1 54.5 0.0
Biyang BY 1 1 0 10 0 12 8.3 8.3 0.0 83.3 0.0
Chengcun cc 11 3 9 0 0 23 478 13.0 39.1 0.0 0.0
Dutou DT 6 8 1 8 0 23 261 34.8 4.3 34.8 0.0
Gaotan GT 4 5 4 6 4 23 174 21.7 17.4 26.1 17.4
Jiahe JH 6 6 1 0 0 13 46.2 46.2 7.7 0.0 0.0
Jiajiafang JJ 2 4 0 4 1 11 182 36.4 0.0 36.4 9.1
Jinping JP 3 2 6 2 4 17 176 11.8 35.3 11.8 235
Jitan JT 0 2 2 3 4 11 0.0 18.2 18.2 27.3 36.4
Juwan JwW 4 3 0 8 1 16  25.0 18.8 0.0 50.0 6.3
Liangshuikou LK 24 6 6 26 3 65 369 9.2 9.2 40.0 4.6
Ligingdian LQ 0 6 2 14 7 29 0.0 20.7 6.9 48.3 24.1

Yangtze  Loudi LD 7 5 6 2 5 25 280 20.0 24.0 8.0 20.0
Miping MP 3 3 5 3 5 19 158 15.8 26.3 15.8 26.3
Pingshi PS 5 3 1 8 5 22 227 13.6 4.5 36.4 22.7
Shahebu SH 3 3 2 2 0 10 30.0 30.0 20.0 20.0 0.0
Shanggao SG 10 2 2 3 2 19 526 10.5 105 15.8 105
Shijie SJ 3 4 0 4 2 13 231 30.8 0.0 30.8 15.4
Shimenkan SM 16 25 2 5 2 50 320 50.0 4.0 10.0 4.0
Shuangfeng SF 9 8 7 8 1 33 273 24.2 21.2 24.2 3.0
Shuangjiangkou  SK 8 3 12 1 0 24 333 125 50.0 4.2 0.0
Sifen Sl 4 2 2 0 2 10  40.0 20.0 20.0 0.0 20.0
Tangdukou TD 10 19 1 2 1 33 303 57.6 3.0 6.1 3.0
Tanghe TH 0 3 1 5 9 18 0.0 16.7 5.6 27.8 50.0
Tonggu TG 5 2 0 0 10 17 294 11.8 0.0 0.0 58.8
Tongtang TO 14 6 5 2 1 28 500 214 17.9 7.1 3.6
Wuxigou WX 4 5 0 7 1 17 235 29.4 0.0 41.2 5.9
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Xiawan XwW 6 0 0 2 3 11 545 0.0 0.0 18.2 27.3
Xixia Xl 1 1 3 5 6 16 6.3 6.3 18.8 31.3 37.5
Xupu XP 12 14 4 5 1 36 33.3 38.9 111 139 2.8
Yanling YL 18 4 4 7 0 33 545 12.1 12.1 21.2 0.0
Yanta YA 6 2 1 4 0 13 46.2 15.4 1.7 30.8 0.0
Yuanken YK 2 3 1 0 7 13 15.4 23.1 1.7 0.0 53.8
Yucun YC 12 0 18 3 1 34 35.3 0.0 52.9 8.8 2.9
Yuexi YX 14 4 11 5 3 37 37.8 10.8 29.7 135 8.1
Zhangdou ZD 4 3 0 5 0 12 33.3 25.0 0.0 41.7 0.0
Total 251 190 125 181 97 844 29.7 22.5 14.8 21.4 11.5
Anxi AX 1 3 4 6 0 14 7.1 214 28.6 42.9 0.0
Longshan LS 1 3 16 3 0 23 4.3 13.0 69.6 13.0 0.0
Southeast Tunxi ™) 5 3 1 1 3 13 38.5 23.1 1.7 7.7 23.1
Xufan XF 1 3 5 1 0 10 10.0 30.0 50.0 10.0 0.0
Zhaoan ZA 1 5 12 8 4 30 3.3 16.7 40.0 26.7 13.3
Total 9 17 38 19 7 90 10.0 18.9 42.2 21.1 7.8
Hezikou HZ 42 17 7 22 1 89 47.2 19.1 7.9 24.7 1.1
Huishui HS 3 3 0 4 0 10 30.0 30.0 0.0 40.0 0.0
Pearl Libo LB 5 0 0 6 0 11 455 0.0 0.0 54.5 0.0
Xiaogulu XL 2 24 0 0 4 30 6.7 80.0 0.0 0.0 13.3
Total 52 44 7 32 5 140 37.1 314 5.0 22.9 3.6
Total 347 306 195 375 223 1446 24.0 21.2 13.5 25.9 15.4
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