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Table S1. The initiating priors and posterior estimations of the parameters.
	Parameter
	Priors
	Median (95% CIs)

	Coefficient of six b-splines: 
	U [1,10]
	4.56 (4.35-5.40)

	Coefficient of six b-splines: 
	U [1,10]
	3.75 (3.01 -4.23)

	Coefficient of six b-splines: 
	U [1,10]
	2.95 (2.40 -3.60)

	Coefficient of six b-splines: 
	U [1,10]
	3.44 (2.10-4.16)

	Coefficient of six b-splines: 
	U [1,10]
	3.82 (3.51-4.29)

	Coefficient of six b-splines: 
	U [1,10]
	4.83 (3.88-5.01)

	The nonlinear dependence: α
	U [0.9,1.0]
	0.87 (0.83-0.88)

	The decaying weight of E(t): θ
	U [0.5,3.0]
	1.05 (0.80-1.35)

	The duration of cross protection (years): 
	U [0,1]
	2.78 (1.68-3.28)

	The duration of cross protection (years): 
	U [0,1]
	1.69 (1.21 -2.71)

	The basic duration of immunity (years): 
	U [10,100]
	54.65 (5.05-61.75)

	The basic duration of immunity (years): 
	U [10,100]
	83.94 (46.91-125.51)

	The scaling factor of E(t): 
	U [0.9,5.0]
	2.40 (1.60-3.30)

	The scaling factor of E(t): 
	U [0.9,5.0]
	3.32 (2.95-6.20)

	The strength of partial cross-protection: 
	U [0,3]
	0.36 (0.05-0.53)

	The strength of partial cross-protection: 
	U [0,3]
	0.98 (0.55-1.23)

	The relative transmission difference between and : ξ
	U [0,5]
	0.01 (0.00 -0.41)

	The infectious period (years): D
	U [0,0.05]
	0.12 (0.11-0.12)

	The infectious period difference between and : ω
	U [0,3]
	0.32 (0.29-0.59)

	The reporting ratio: ρ
	U [0.1, 1.0]
	0.40 (0.24-0.41)

	The scaling coefficient in the case report: 
	U [0.1, 1.0]
	0.38 (0.29-0.40)

	The scaling coefficient in the case report: 
	U [0.1, 1.0]
	0.35 (0.25-0.41)

	The external importation rate (per year): 
	Fixed at 36.5
	-

	The death rate (per year): 
	Fixed at 0.015
	-




Table S2. Sensitivity analysis for parameters related to cross-protection () under different scenarios of infectious period. The key parameters () and their 95% confident intervals are shown here. Akaike information criterion (AIC) was used to measure goodness of a model which takes into 
	Infectious period 
	
	
	ξ
	ω
	Number parameters
	AIC

	Not fixed
	0.36
(0.05-0.53)
	0.98
(0.55-1.23)
	0.01
(0 -0.41)
	0.32 
(0.27-0.47)
	35
	4701.52

	Fixed 0.04
	0.20
(0.13-0.26)
	0.88
(0.45-1.32)
	0.31
(0.08-0.70)
	Excluded
	34
	4723.02

	Fixed 0.02
	0.16
(0.00-0.36)
	1.00
(0.32-2.46)
	0.32
(0.23-0.73)
	Excluded 
	34
	4742.43
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[bookmark: _Hlk76737441]Figure S1. Monthly incidence in the United States and wavelet transform. Continuous transformation of square-rooted transformed monthly incidence of influenza A viruses H1N1, H3N2, influenza B and the sum of them. Darker regions represent stronger cycles around that ranges.
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Figure S2. Cross-correlation coefficients between pairs of subtypes. Cross correlation refers to the degree of correlation between two time series at different time lags. The horizontal axis represents the order of lag (months), and the vertical axis represents the correlation coefficient of each order.
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Figure S3. Detectability of cross protection in manufactured data. Three hypothetical influenza data sets that differ in the cross protection with the other parameters were fixed at maximum likelihood estimates were tested. The top panels show the simulated data for H1N1 and H3N2 (blue and red lines, respectively). The log-likelihood profiles and 95% confident intervals of the two parameters  and  are shown at the bottom panel.
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Figure S4. Detectability of cross protection under different values. With one of the parameters  or  fixed at 0.5 or 1, the other parameter predefined with value shift from 0.25 to 0.95 and then estimated. The blue or red points represent the maximum likelihood estimations for H1N1 and H3N2, and the vertical blue or red lines represent the 95% confident intervals.
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Figure S5. Inference precision as the length of time series varies. Different shades of green lines represent different lengths of time series. The shape of the log-likelihood profiles changes as the size of the data varies under three scenarios. The vertical dotted line represents the pre-defined value under different scenarios and the horizontal dotted line corresponds to the 95% confident intervals.
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Figure S6. The number of monthly sequences in Germany (A), Austria (B) and Norway(C). Blue and red bars represent the number of H1N1 and H3N2 sequences respectively. There is no surveillance data when no bars show.
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Figure S7. Scatter diagram for monthly simulations and observations for Germany(A), Austria(B) and Norway(C) from the years 2014 to 2019. The correlations between observed incidence (blue and red lines for H1N1 and H3N2, respectively) and median incidence of the simulations in each month are significant () for all the countries. The error bars represent 95% uncertainty intervals of the simulations.
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