Supplementary Information 1		 	Methods 
Initial Bird Parameters
Information obtained from literature search on bird surveillance in Germany aided the selection of our choice of residential bird species [1],[2]. Raptors have always appeared to be of interest in studies about WNV bird host in Germany and Europe. [3] reported during a bird surveillance only 4 survived out of 19 northern goshawks that tested positive for WNV. This is also in agreement with other data obtained from TSIS platform of FLI. Also in agreement with our choice are several studies across Europe about the role of raptors in WNV outbreak. [4] reported that raptors have high susceptibility to WNV which eventually leads to high mortality rate from the infection. They have an average life expectancy of 10.5 years. In a surveillance by [5], 26 birds were trapped, and radio tracked and monitored in the city of Oulu Finland, 7 birds died, which resulted to a mortality rate of 0.25 per year or 0.0005 per day. Report from a bird surveillance program by [2] revealed that in 2019, out of 18 northern goshawks tested, 5 were positive to WNV and 10 were positive out of 31 tested in 2020. These were the highest amongst all birds tested and translated to an infectious rate of 0.295. Mortality rate due to infection was also computed from a compilation from [3] that among a total of 19 northern goshawk that tested positive for WNV, only four survived, translating to a mortality rate due to infection of 0.79. 
For migratory bird species, data obtained from TSIS platform of FLI revealed that Corvids (Hooded crow) were quite susceptible to WNV with several of them appearing frequently second to raptors and tits. Also, research on bird surveillance reported hooded crow which is a short distance migrant as the most susceptible bird of the Corvidae family, generally sported in Eastern Germany all year round [2]. The mortality rate of hooded crows was estimated from a study by [6]. from this study, it was observed that 39 deaths were recorded from a population of 686 in the first year of the experiment while 55 deaths were also recorded from a population of 419 birds. This will result in an annual average mortality rate of 0.085 and 0.00023 per day. [2] also reported that only 1 amongst 13 birds tested was positive 1n 2019 and 2 out of 32 birds tested in 2020. This translated to an infectious rate of about 0.19. Mortality due to infection was estimated to about 0.103. Removal rate was assumed to be the same with that of American Crows from [10] which was 0.4.
Initial Mosquito Parameters
Climate Independent Parameters
We adopted most of our climate independent parameter values from [7] and [8] for aquatic and terrestrial stages for Cx pipiens mosquitoes with the exception of environmental carrying capacity which was estimated from values suggested by [9]. Others were fitted using the Bayesian inference inverse calibration method.
[bookmark: _Hlk151886972]Table S1. Climate independent parameters for mosquitoes. Per unit capita rates are in unit days. Parameters were estimated from literature with exception of mortality related to predators and standard carrying capacities estimated by calibration.

	[bookmark: _Hlk151752990]Parameter
	Description
	Value
	Source

	
	Sex-ratio at emergence
	0.5
	[7]

	
	Development rate of Emerging adult
	0.75
	[7]

	
	Transition rate from host seeking to engorged adult(day−1)
	0.885
	[7]

	
	Minimum transition rate from host seeking to engorged adult(day−1)
	0.33
	[7]

	
	Minimum egg mortality rate(day−1)
	0.0262
	[8]

	
	Minimum larvae mortality rate(day−1)
	0.0304
	[8]

	
	Minimum pupae mortality rate(day−1)
	0.0146
	[8]

	
	Minimum adult mortality rate (day-1)
	0.015
	[8]

	
	Mortality rate during emergence(day−1)
	0.1
	[7]

	
	Mortality rate related to seeking behavior (day−1)
	0.08
	[8]

	
	Mortality rate related to predators (day−1)
	0.4
	Fitted 

	
	Number of degree-days needed for egg maturation
	64.4
	[8]

	
	Minimal temperature needed for egg maturation
	9.8
	[8]

	
	Standard carrying capacity for larvae (per Km2)
	31,875
	[9]

	
	Standard carrying capacity for pupae 
	*0.97
	Fitted  

	
	Standard capacity for Mosquito
	*0.9
	Fitted 



Climate Dependent Functions
In process-based models, parameters driven by an external forcing are usually represented by a function. Climate dependent development rates were driven by temperature, precipitation, and relative humidity.
[bookmark: _Hlk160532069][bookmark: _Hlk151888100]Table S2. Climate dependent parameters defined by functions. Per unit capita rates are in unit days.

	Variable
	Description
	Function
	Source

	
	Transition rate from egg to larvae 
	*(Rhnorm)
	[8]

	
	Transition rate from larvae to pupae 
	/4
	[8]

	
	Transition rate from pupae to emerging adults
	*1+Pnorm
	[8]

	
	Transition from engorged to ovipositing adult
	
	[8]

	
	Transition rate from ovipositing to host-seeking adults
	*(1+Pnorm)
	[7]

	
	Larvae mortality rate
	
	[8]

	
	Pupae mortality rate
	
	[8]

	
	Adult mortality rate
	-0.05941+0.002965T
	[8]

	
	Modulated carrying capacity larvae
	A*
	Fitted 

	
	Modulated carrying capacity pupae
	A*
	Fitted 

	
	Modulated carrying capacity Mosquito
	A*
	Fitted 


A is the area of study location, Pnorm is normalised daily precipitation with ranges between 0 and 1, Rhnorm is normalised humidity with ranges between 0 and 1.

[bookmark: _Hlk160536639]Model Calibration and Parameter Optimization
Certain parameters used as input in process-based models can be estimated from a distribution or range of values. This can introduce uncertainties in model structure and output. For our model climate independent parameters were estimated from certain range of values (initial parameters) hence the need for sensitivity analysis and subsequent calibration and parameter optimization. To identify parameters with the most influence on model output, quantify possible parameter errors and selection of valid range of values, we used sensitivity analysis implemented by the Partial rank correlation coefficient method to analyze the interaction between parameters and the effect of a single parameter to the most important output of our model, which was R0 rate in our case. We used Bayesian inference for inverse calibration which utilizes the bayes theorem approach by using the likelihood, prior, and evidence to determine a posterior estimated from the range of values obtained from literatures (Table S3). Parameters with known ranges extracted from literature were varied across those ranges while parameters with fixed values were varied by approximated range of values.
[bookmark: _Hlk160532103]Table S3. Climate independent parameters used for sensitivity analysis and inverse calibration. 

	Parameter
	[bookmark: _GoBack]Range
	Calibrated Value
	Source 

	
	0.01-0.0262
	0.015
	[8]

	
	0.01-0.0146
	0.01
	[7],[8]

	
	0.5
	0.5
	[8]

	
	0.01-0.023
	0.015
	[8]

	
	0.01-0.0304
	0.03
	[7],[8]

	
	0.33-2
	0.33
	[7],[8]

	
	0.5-0.75
	0.54
	[7]

	
	0.33-0.885
	0.549
	[7],[8]

	
	0.05-0.08
	0.072
	[8]

	
	0.08-0.15
	0.109
	[8]

	
	0.7-1.0
	0.9
	[10]

	
	0.7-1.0
	0.97
	[10]

	
	0.3-0.7
	0.4
	Fitted

	
	0.3-0.7
	0.7
	Fitted 

	
	0.15-0.3
	0.196
	[3]

	
	0.3-1
	0.867
	[3]

	
	0.6-0.8
	0.655
	[3]

	
	0.19-0.3
	0.285
	[3]

	
	0.1-0.5
	0.40
	[10]

	
	0.1-0.2
	0.103
	[3]




Supplementary Information 2		 Results

 Thermal Response of Transition Rates and Infection Traits.
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	Figure S1 Thermal responses of functional traits driving mosquito population and infection rate of WNV as a function of average mean air temperature. Dashed blue lines signifies fitted distribution breath of values, solid black lines are 95% credible interval for modelled simulated response.
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