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1. Estimation of Transmissibility
Based on the branching process model proposed by Cori et al. within the Bayesian framework[1], the weekly instantaneous reproduction number  was estimated.This is an extension of Fraser method[2]. Fraser suggested that the renewal estimation equation for the  of an epidemic could be as

where  refers to the number of reported cases (specifically, the incidence rate multiplied by a constant 10,000) between time and time .The term  denotes the generation time distribution, satisfying . The expected incidence at time  follows a Poisson distribution with a mean (). Transmissibility is assumed constant over the interval [] and is quantified by the .The likelihood of  given the reproduction number  and  is as follows:

where, . A gamma distribution, characterized by a mean of 2.6 days and a standard deviation of 1.5 days, was assumed to represent the generation time. This assumption remains constant throughout an epidemic. A Bayesian framework was developed using a Gamma-distributed prior with parameters (a, b) for. Consequently, the posterior joint distribution of can be derived as proportional to


Equation (3) indicates that the posterior distribution of is a gamma distribution with the parameters.
2. Construction of Multivariable Regression Models
As described by Ali et al[3], the transmissibility of influenza is generally influenced by the depletion of susceptibles and inter-epidemic effects as intrinsic drivers, along with the potential effects of the extrinsic drivers (e.g. O3 and meteorological drivers). Therefore, general multivariable nonlinear regression models were developed to examine the underlying association between influenza transmissibility and different various drivers.
Drawing to the previous research[3, 4], we found that the exponential, represented by , where, , to be a superior fit for capturing associations across all drivers of influenza transmissibility (Table S2). Here,  denotes the corresponding coefficients,  indicates the -th drivers. 
Accordingly, the instantaneous reproduction number  can be expressed as,

Here,  denotes time-varying instantaneous reproduction number on the th day of the;  represents the fraction of susceptibles at the commencement of the th day/weeks of th epidemic. While  signifies the basic reproduction number. The impact of the k-th driving variables is symbolized by. The values of  is derived subtracting the cumulative number of infections from the fraction of the population initially susceptible at the onset of the influenza season ().
Let  represent the observed cumulative incidence up to the (i-1)-th day of the j-th epidemic. This can be expressed as: 
 , where  denotes the incidence on day  of epidemic . 
Consequently, the relationship for:
 
where 

and for the given context, the constant equals 1
Using the Taylor series expansion, we can represent 

From this, we derive:


When we take the logarithm and approximate the logarithm of the effective reproduction number, we get:

Here, we treat the parameters  and  as nuisance parameters, indicative of inter-seasonal factors and not immediately pertinent. The error term is given by .
By suitably substituting the terms, the regression equation is formulated as:

In this equation,  denotes the epidemic, a categorical variable with regression coefficient   represents the regression coefficients that describe the rate at which susceptibles are reduced in the population.
A basic model is defined based on intrinsic factors only. i.e. . The  measures which compare the R-square values of these models, highlight the variance in transmissibility explained by respective drivers.
3. Derivation of adjusted
The adjusted  by removing the impact of the depletion of susceptibles from using the approach outlined by Ali et al[3]. It's important to note that  is influenced by both the basic reproduction number () and the depletion of susceptibles (), with its trend declining as the epidemic progresses. We initiated our process by fitting a model:  to the estimated for each epidemic individually. Here, denotes the basic reproduction number.  represents the initial susceptible proportion for epidemic .  signifies the observed cumulative incidence up to th day of th epidemic. Furthermore, , with a constant, and in this context, . The adjusted  was then defined as the residual of the fit. Hence, our measures of adjusted  is devoid of the effects of depletion of susceptibles and assumed to be driven by both inter-epidemic effects and the extrinsic drivers. 

Table S1  values for two different forms of univariate regression models to identify the best model representing the association between instantaneous reproduction number () for drivers of influenza.
	
	Forms of Association
	Relative humidity
	Absolute humidity
	O3

	
	
	
	
	
	

	Northern China
	Beijing
	Exponential
	0
	0
	0
	

	
	
	Power
	3.50 
	14.82 
	30.60 
	

	
	Tianjin
	Exponential
	0
	0
	0
	

	
	
	Power
	1.52 
	14.45
	24.74 
	

	
	Liaoning
	Exponential
	0
	0
	0
	

	
	
	Power
	6.48 
	8.24 
	6.91 
	

	
	Gansu
	Exponential
	0
	0
	0
	

	
	
	Power
	8.56 
	10.61 
	18.56 
	

	Southern China
	Shanghai
	Exponential
	0
	0
	0
	

	
	
	Power
	1.57 
	29.63 
	47.79 
	

	
	Jiangsu
	Exponential
	0
	0
	0
	

	
	
	Power
	2.85 
	52.40 
	24.75 
	

	
	Guangdong
	Exponential
	0
	0
	0
	

	
	
	Power
	26.26 
	6.98 
	0.06 
	

	
	Hunan
	Exponential
	0
	0
	0
	

	
	
	Power
	2.96 
	0.25 
	0.81 
	



Note：, exponential and power. Temperature may less than 0, and the school holiday is 0 or 1 to represent whether a certain day is a holiday. Therefore, temperature and school holidays do not have power-form results
Table S2 Percentage of the variance of the instantaneous reproduction number () explained by O3, compared with1000 null/dummy time series, based on a univariate regression model
	Provinces
	With unadjusted 
	
	With adjusted 

	
	
	Permutation analysis 

	†
	
	
	Permutation analysis 

	†

	Northern China
	Beijing
	14.18
	0.13
	<0.05
	
	22.27
	0.13
	<0.05

	
	Tianjin
	5.09
	0.14
	<0.05
	
	22.02
	0.15
	<0.05

	
	Gansu
	18.07
	0.20
	<0.05
	
	33.94
	0.19
	<0.05

	
	Liaoning
	15.04
	0.16
	<0.05
	
	35.26
	0.16
	<0.05

	
	
	
	
	
	
	
	
	

	Southern
China
	Shanghai
	6.53
	0.12
	<0.05
	
	7.82
	0.12
	<0.05

	
	Jiangsu
	7.99
	0.10
	<0.05
	
	2.46
	0.11
	<0.05

	
	Guangdong
	2.47
	0.13
	<0.05
	
	3.85
	0.11
	<0.05

	
	Hunan
	1.32
	0.12
	<0.05
	
	1.91
	0.12
	<0.05


† indicating a significant difference between and Permutation analysis .

Table S3 Percentage of the variance in the instantaneous reproduction number () explained by the drivers, across respective provinces from 2013 to 2018. The results are based on the best lag regression models (with the lag lying highest -value) using lags ranging from 0 to 2 weeks

	Provinces
	Models
	With unadjusted 
	
	With adjusted 

	
	
	
	%△
	df
	
	
	%△
	%△

	Northern China
	Beijing 
	Model1†
	0.36
	-
	719.00 
	
	0.11
	-
	719 

	
	
	Model2‡
	0.37
	1
	711.00 
	
	0.35
	24
	711 

	
	
	Model3*
	0.41
	5
	677.00 
	
	0.41
	29
	677 

	
	Tianjin
	Model1†
	0.37
	-
	663.00 
	
	0.09
	-
	663 

	
	
	Model2‡
	0.35
	2
	655.00 
	
	0.43
	34
	655 

	
	
	Model3*
	0.33
	4
	621.00 
	
	0.46
	37
	621 

	
	Gansu
	Model1†
	0.35
	-
	488.00 
	
	0.04
	-
	488 

	
	
	Model2‡
	0.37
	2
	484.00 
	
	0.42
	38
	484 

	
	
	Model3*
	0.39
	4
	450.00 
	
	0.51
	47
	450 

	
	Liaoning
	Model1†
	0.23
	-
	623.00 
	
	0.02
	-
	623 

	
	
	Model2‡
	0.24
	1
	615.00 
	
	0.72
	70
	615 

	
	
	Model3*
	0.25
	2
	587.00 
	
	0.63
	61
	587 

	Southern China
	
	
	
	
	
	
	
	
	

	
	Shanghai
	Model1†
	0.35
	-
	828.00 
	
	0.09
	-
	828 

	
	
	Model2‡
	0.35
	0
	820.00 
	
	0.37
	26
	820 

	
	
	Model3*
	0.36
	1
	800.00 
	
	0.39
	30
	800 

	
	Jiangsu
	Model1†
	0.39
	-
	831.00 
	
	0.03
	-
	831 

	
	
	Model2‡
	0.43
	4
	824.00 
	
	0.47
	44
	824 

	
	
	Model3*
	0.44
	5
	818.00 
	
	0.43
	40
	818 

	
	Guangdong
	Model1†
	0.27
	-
	800.00 
	
	0.05
	-
	800 

	
	
	Model2‡
	0.29
	2
	792.00 
	
	0.27
	22
	792 

	
	
	Model3*
	0.29
	2
	768.00 
	
	0.52
	47
	768 

	
	Hunan
	Model1†
	0.19
	-
	814.00 
	
	0.33
	-
	814 

	
	
	Model2‡
	0.18
	1
	806.00 
	
	0.52
	19
	806 

	
	
	Model3*
	0.18
	1
	778.00 
	
	0.51
	18
	778 


† Model1: factors affecting  (or adjusted) include depletion of susceptibles, and /or inter-epidemic factors. 
‡ Model2: model 1 for plus O3.
* Model3: model 1 for plus O3 and other drivers.
  and  are measures of R-square and degree of freedom from the regression model respectively. 
  measured the change in the explained variance (i.e., variance explained by either model 2 or model 3) in comparison to the model 1. For model 2, the equation is: . For model 3, the equation is: .

[image: ]
Fig. S1. The map indicating 8 provinces studied in northern China (dark green) and southern China (dark purple).  
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