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Supplementary- model specifications 

 

1 Model 1A - Poisson log linear model without temporal parametric trend 
  

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5 + 𝛽𝑅𝑢𝑟𝑎𝑙𝐼 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽𝑘    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0,32) 

 

2  Model 1B - Poisson log linear model with temporal parametric trend 

 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖 + 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽𝑘    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0,32) 

 

3. Model 2A - Poisson log linear model with county level random intercept without temporal parametric trend 
 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖 + 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑣𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽0   ~  𝑁𝑜𝑟𝑚𝑎𝑙(−0.0207, 0.0117) 

 𝛽𝑃𝑀2.5   ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0731, 0.0227) 

𝛽𝑅𝑢𝑟𝑎𝑙    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0313, 0.0180) 

      𝑣𝑖   ~  𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎𝑣
2) 

      𝜎𝑣
2  ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(1, 0.01) 

 

4. Model 2B - Poisson log linear model with county level random intercept with temporal parametric trend 

 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖+ 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑣𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽0   ~  𝑁𝑜𝑟𝑚𝑎𝑙(−0.0264, 0.0175) 

 𝛽𝑃𝑀2.5  ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0747, 0.0233) 
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𝛽𝑅𝑢𝑟𝑎𝑙    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0316, 0.0182) 

𝛽𝑌𝑒𝑎𝑟    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.00210, 0.00488) 

      𝑣𝑖    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎𝑣
2) 

      𝜎𝑣
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(1, 0.01) 

 

5. Model 3A - Poisson log linear model with county level spatial random intercept without temporal 

parametric trend 
 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖+ 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑢𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽0   ~  𝑁𝑜𝑟𝑚𝑎𝑙(−0.0207, 0.0117) 

 𝛽𝑃𝑀2.5  ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0731, 0.0227) 

𝛽𝑅𝑢𝑟𝑎𝑙    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0313, 0.0180) 

                                       𝑢𝑖|𝑢𝑗≠𝑖   ~  𝑁𝑜𝑟𝑚𝑎𝑙 (
∑ 𝑐𝑖𝑗𝑢𝑖𝑗≠𝑖

∑ 𝑐𝑖𝑗𝑗≠𝑖
,

𝜎𝑢
2

∑ 𝑐𝑖𝑗𝑗≠𝑖
 ) 

      𝜎𝑢
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(1, 0.01) 

 

6. Model 3B - Poisson log linear model with county level spatial random intercept with temporal parametric 

trend 
 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖+ 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑢𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽0   ~  𝑁𝑜𝑟𝑚𝑎𝑙(−0.0264, 0.0175) 

 𝛽𝑃𝑀2.5  ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0747, 0.0233) 

𝛽𝑅𝑢𝑟𝑎𝑙    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0316, 0.0182) 

                                       𝑢𝑖|𝑢𝑗≠𝑖   ~  𝑁𝑜𝑟𝑚𝑎𝑙 (
∑ 𝑐𝑖𝑗𝑢𝑖𝑗≠𝑖

∑ 𝑐𝑖𝑗𝑗≠𝑖
,

𝜎𝑢
2

∑ 𝑐𝑖𝑗𝑗≠𝑖
 ) 

      𝜎𝑢
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(1, 0.01) 

 

7. Model 4A - Poisson log linear model with county level spatial and non-spatial random intercept without 

temporal parametric trend 
 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 
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        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖+ 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑢𝑖 + 𝑣𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽0   ~  𝑁𝑜𝑟𝑚𝑎𝑙(−0.0207, 0.0117) 

 𝛽𝑃𝑀2.5  ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0731, 0.0227) 

𝛽𝑅𝑢𝑟𝑎𝑙    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0313, 0.0180) 

                                   𝑢𝑖|𝑢𝑗≠𝑖   ~  𝑁𝑜𝑟𝑚𝑎𝑙 (
∑ 𝑐𝑖𝑗𝑢𝑖𝑗≠𝑖

∑ 𝑐𝑖𝑗𝑗≠𝑖
,

𝜎𝑢
2

∑ 𝑐𝑖𝑗𝑗≠𝑖
 ) 

       𝑣𝑖    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎𝑣
2) 

      𝜎𝑢
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(6.3462, 0.1280) 

                  𝜎𝑣
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(22.8692, 0.6121) 

 

8. Model 4B - Poisson log linear model with county level spatial and non-spatial random intercept without 

temporal parametric trend 

 

        𝑦𝑖    ~   𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑖) 

        𝜇𝑖   =   𝜃𝑖 ⅇ𝑖 

𝑙𝑜𝑔(𝜇𝑖) =  𝛽0 + 𝛽𝑃𝑀2.5𝑃𝑀2.5𝑖+ 𝛽𝑅𝑢𝑟𝑎𝑙𝐼𝑖 + 𝛽𝑌𝑒𝑎𝑟𝑌ⅇ𝑎𝑟𝑖 + 𝑢𝑖 + 𝑣𝑖 + 𝑙𝑜𝑔(ⅇ𝑖) 

        𝛽0   ~  𝑁𝑜𝑟𝑚𝑎𝑙(−0.0264, 0.0175) 

 𝛽𝑃𝑀2.5  ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0747, 0.0233) 

𝛽𝑅𝑢𝑟𝑎𝑙    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.0316, 0.0182) 

 𝛽𝑌𝑒𝑎𝑟   ~  𝑁𝑜𝑟𝑚𝑎𝑙(0.00210, 0.00488) 

                                   𝑢𝑖|𝑢𝑗≠𝑖   ~  𝑁𝑜𝑟𝑚𝑎𝑙 (
∑ 𝑐𝑖𝑗𝑢𝑖𝑗≠𝑖

∑ 𝑐𝑖𝑗𝑗≠𝑖
,

𝜎𝑢
2

∑ 𝑐𝑖𝑗𝑗≠𝑖
 ) 

       𝑣𝑖    ~  𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎𝑣
2) 

      𝜎𝑢
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(6.3361, 0.1262) 

                  𝜎𝑣
2   ~  𝐼𝑛𝑣ⅇ𝑟𝑠ⅇ − 𝐺𝑎𝑚𝑚𝑎(22.8458, 0.6145) 

 


