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Table 1. The mathematical expressions of univariate kernel density functions  

	SI no.
	Kernel functions
	K(x)

	1
	Normal
	=

	2
	Epanechnikov (or parabolic)
	
= 0, otherwise

	3
	Biweight (or Quartic)
	
 otherwise

	4
	Triweight
	
otherwise



Table 2. Summary table of fitted 1-D kernel density estimation (KDE) and its goodness-of-fit (GOF) test statistics and its comparison with parametric functions in defining the univariate marginal distribution of the annual maximum 24-hr rainfall series
	Nonparametric kernel functions
	Estimated bandwidth (via direct-plug-in method)
	MSE (Mean square error)
	RMSE (Root mean square error)
	AIC (Akaike information criterion)
	BIC (Bayesian information criterion)
	HQC (Hannan-Quinn information criterion)
	MAE (Mean absolute error)
	NSE (Nash Sutcliffe model efficiency)

	Normal*
	11.251
	0.0003
	0.019
	-358.22
	-356.39
	-357.53
	0.015
	0.998

	Epanechnikov (or parabolic)
	24.908
	0.0007
	0.028
	-326.36
	-324.53
	-325.67
	0.023
	0.997

	Biweight (or Quartic)
	29.507
	0.0010
	0.031
	-315.56
	-313.73
	-314.88
	0.026
	0.996

	Triweight
	33.507
	0.0011
	0.034
	-308.42
	-306.59
	-307.73
	0.027
	0.995

	Parametric GEV (Generalized extreme value distribution) (Shahid and Simonovic 2022) 

	Estimated parameters via Maximum likelihood estimation (MLE)

	0.0009

	0.032

	-312.97

	-307.48

	-310.91

	0.024

	0.988


	
	location (mu =) =     70.38683185; scale (sigma = )   =  20.42282895; 
shape (xi = )  = -0.07904404

	
	
	
	
	
	
	

	Note: Normal kernel (highlighted in bold letters with an asterisk) is the most parsimonious function in approximating the univariate marginal distribution of annual maximum 24-hr rainfall observations. It exhibited a minimum value of MSE, RMSE, AIC, BIC and HQC, and also a high value of NSE fitness test statistics. The performance of parametric GEV distribution is inferior to nonparametric normal KDE in modelling rainfall marginals.  



Table 3. Summary table of fitted 1-D kernel density estimation (KDE) and its goodness-of-fit (GOF) test statistics and its comparison  with parametric functions in defining univariate marginal distribution of the maximum storm surge (time interval = series
	Nonparametric Kernel Functions
	Estimated bandwidth (via direct-plug-in method)
	MSE (Mean square error)
	RMSE (Root mean square error)
	AIC (Akaike information criterion)
	BIC (Bayesian information criterion)
	HQC (Hannan-Quinn information criterion)
	MAE (Mean absolute error)
	NSE (Nash Sutcliffe model efficiency)

	Normal*
	0.076
	0.0003
	0.017
	-369.83
	-368.00
	-369.15
	0.014
	0.999

	Epanechnikov (or parabolic)
	0.169
	0.0007
	0.026
	-331.95
	-330.12
	-331.26
	0.020
	0.997

	Biweight (or Quartic)
	0.201
	0.0008
	0.028
	-324.17
	-322.34
	-323.48
	0.022
	0.996

	Triweight
	0.228
	0.0009
	0.030
	-319.30
	-317.47
	-318.61
	0.023
	0.997

	Parametric Normal distribution (Shahid and Simonovic 2022)
	Estimated parameters via Maximum likelihood estimation (MLE)
	0.0011
	0.034
	-306.56
	-302.90
	-305.19
	0.026
	0.985

	
	mean (mu = ) =  2.340757e-18; 
sd (sigma = ) = 1.676386e-01
	
	
	
	
	
	
	

	Note: Normal kernel (highlighed by in bold letters with an asterisk) is recognized as the most parsimonious function in the approximation of the univariate marginal distribution of aAnnual Mmaximum 24-hr Rrainfall observations. It exhibited minimum value of MSE, RMSE, AIC, BIC and HQC, and also a high value of NSE fittness test statistics. Also, tThe performance of parametric GEV distribution is inferior than to nonparametric nNormal KDE in modelling rainfall marginals.  



Table 4. Nonparametric copula density estimation in the bivariate flood dependence modelling and goodness-of-fit test statistics
	Nonparametric copula density estimators
	MAE (Mean absolute error
	MSE (Mean square error)
	RMSE (Root mean square error)
	NSE (Nash Sutcliffe model efficiency)
	Theoretical Kendall's tau (
	Observed (or empirical) Kendall's tau
(

	Beta Kernel 
	0.0295
	0.0014
	0.037
	0.979
	0.17
	
0.283

	Bernstein* 
	0.0290
	0.0013
	0.036
	0.980
	 0.26
	

	Note: Bernstein kernel copula density (highlighted in bold  with an asterisk) exhibited a minimum value of MSE, RMSE, MAE and high-value of NSE statistics. Bernstein copula also exhibits a minimum gap between theoretical and empirical Kendall's tau, which indicates that the selected copula captures or regenerates the historical flood dependence structure much better than Beta kernel copula density



Table 5. Comparison of univariate and bivariate return periods for  different  combinations of compound flooding characteristics 
	Return period(years)
	Annual maximum 24-hr rainfall (mm)
	Storm surge (m) (time interval = ±4days)
	OR-joint return period, 
	AND-joint return period, 

	5
	97.043
	0.151
	3.08
	13.17

	10
	110.734
	0.228
	5.69
	40.97

	20
	128.046
	0.277
	10.77
	139.73

	50
	143.423
	0.316
	25.85
	760.16

	100
	147.540
	0.337
	50.92
	2744.23

	200
	149.799
	0.353
	101.06
	9514.74

	500
	151.689
	0.371
	251.44
	43478.26

	1000
	152.710
	0.381
	502.08
	120481.90



