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             
                
            
              
           
           
         

             
               
            
               
              
             
         
             
               
             
            
            
            

1.     
              
             
    

a)            
           
           

b)               
           
           

c)             
             
     
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d)           
                
             
              
            
               
           

e)             
               
          
                
            
               
            
      

2.         
             
           
           

a)           
             
            
          

b)             
           
            
            
              
            
            
               
             
     

c)             
              
             
           

 



 
 

 

 

  

 
 

 
 

 

 

  

 
 

 

              
       

3.       
               
             
            

a)          
              
             
             
          
            
  

b)             
              
                
              
             
                 
              
           
                
                
               
           
       

4.     
            
         
              

a)            
           
              
    

 



 
 

 

 
 

 
 

 

 

  

 
 

 
 

 
 

b)               
               
      

c)            
            
            
          

d)          
           
              
             
            
         

5.   
               
           
         
           
           

a)             
        
            
            
              
             
          
           
    

b)          
            
         
        

c)           
            
          
           
              

 



 
 

 
 

 

 

 
  

        
d)           
               
            
          
               
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1. Introduction 

              
            
          
Taxonomy and Classification of Powered Micromobility Vehicles    
           
           
  1           
              
             
            
                
              
       

          
             
            
             
              
              
             
              
             
            
          

               
           
              
               
             
              
               
              
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              
              
              
            
          
          

             
              
           
             
               
             
            
            
           
              
               
         
      

(1)                
             

(2)           
       

(3)              
         

(4)             
            
  
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2. Literature Review 

           
            
             
             
             
            
               
              
            
             
              
         
             
   

2.1 Patterns of Micromobility Usage 

             
           
            
              
             
              
  

2.1.1 Spatiotemporal Distributions 

            
              

(1)            
               
             
            
              
    

(2)                 
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                
             
              

(3)             
               
             
             
               
             
             
    

(4)           
              
          
             
               
            
             
                
               
            
              
           
       

2.1.2 Trip Characteristics 

            
              

(1)           
               
              
               
              
               
                 
           
     

(2)            
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             
           
           
            
           
             
              
             
          
         
           

(3)            
             
              
              
           
           
              
           
      

2.1.3 Users’ Sociodemographic Characteristics 

             
           
              
           
           
          

             
            
           
               
              
               
          
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                 
             
             
               
              
           
               
               
                 

2.1.4 Impact of Built Environment Characteristics 

             
           
              
               
 

(1)             
           
            
          
            
            
            
              

(2)              
               
             
               
               
           
             
           
        

(3)            
               
           
              
               
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          
            
             
            
          
           
 

(4)               
            
            
              
            
            
              
             
            
   

2.1.5 Impact of Weather Conditions 

            
            
            
                
               
             
             
             
 

             
               
             
              
               
                
             
               

 



 
 

 

 

 

 

 

 
     

 

 
 

  

 
   

 

  
 

 

 
 

  

 
   

    

    

 

  
 

 

 
 

 
 

    

 
   

 
 

 
 

 

               
              
              
        

2.1.6 Summary of Methodologies 

              
             
          
       

Table 2-1 A summary of methodologies related to the patterns of micromobility usage 
      

 

 
  

 

  
      

 

 
  

 

 

   

  

     

    

   

  

 

  
  

    

   

 

 

 

  

  

 

  

 

  

 

  

   

  

   

   

  

     

     

   

     

  

      

       

   
   

  
   

 

  

   
 

   

  
   

          

   

 
    

  

 
 

    

 
  
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Non-Parametric Statistical Models 
            
            
              
            
           
               
            
             
              
              
             
              
           
 

Parametric Statistical Models 
            
           
            
             
            
           
              
           
              
              
              
               
            
        

Machine Learning Techniques 
            
             
            
            

 



 
 

 

 

 

 

 

 

 
 

           
              
              
                
             
                
            
          
          
            
              
    

2.2 Relationship between Micromobility and Public Transit 

              
            
             
            
             
               
                 
               
                
             
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2.2.1 Review of Micromobility to Complement Public Transit 

              
          
                 
                
               
            
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Transit Accessibility Improvement 
                 
              
              
              
            
              
             
             
          
             
             
             
                 
              
               
  

Transit Ridership Increase 
            
            
               
                   
                 
              
            
               
                
                  
            
            
             
             
            
         
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First-Mile and Last-Mile Connectivity to Transit Stops 
                 
              
                   
             
                
                
               
                   
              
                 
               
            
             
       

2.2.2 Review of Micromobility to Compete with Public Transit 

             
            
              
              
               
              
             
              
              
            
             
     

              
               
                
               
               
              
                
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               
                  
        

2.2.3 Summary of Methodologies 

            
             
            
             
       

Table 2-2 A summary of methods to reveal the relationships between micromobility and transit 
  

     
  

 

 

 

 

   

 

 

   

 

 

  

 

  

 

  

  

   

  

 

 

  

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 

   

  

 

 

 

 

  

 

  

  

  

  

 

 

  

 

  

  

 

 

 

 

 

 

  

   

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

    
 

 

 

     

 
  

 
 

 
 

 

 

 

     

 
 

 
 

 

 
  

 
 

 
 

  
 

 
 

  
 

 
 

 

 

  

   
  

     

  

 

  

 
 

  
 

     

     

   
 

 

     

 

 

Table 2-2 Continued 

    
  

  
 

       

 

 
   

 

 
 

   
   

 
   

 

   

 

         

   
 

  
 

  

  
 

   

 
   

  

  
 

 

 
 

  

 

 

 
 

   

 
 

 

  

   

  
 

    

 

 
   

 

 

  

  
   

 

 

 

 

 

  

 
      

       

  

         

  

 

 
 

 

 

  

  
 

        

        

     
   

    
 

       

Survey Analysis 
           

 



 
 

 

 

 

 

 

 

 

 

           
             
              
             
                  
              
               
            
               
              
     

Scenario Modeling 
           
            
             
            
           
              
                
                
                
             
              
   

Spatial Data Analysis 
              
            
              
            
             
              
              
              
             
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Parametric Statistical Models 
              
            
            
                
              
                
                
            
                
                 
          

2.3. Data Sources and Reports for Micromobility Analytics 

              
             
            
                 
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Table 2-3 A summary of data and survey & non-survey reports related to micromobility usage 
      

 
  

 
 2 

  3 4 5 

   
  

  6 

 

       7 

      8 
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 

 

7  
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Table 2-3 Continued 
      

  9  

      
10 

11 12 

13 14 

      15 

 
 

  
    16 

  

     

 
  

  1718 

 

  

        

  

  
   

  
  

      

 
      1920 

 

 

 

 

  

 

 

 

  

 

 
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9  
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 

 

 

 

 

 

 
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2.3.1 Overview of Data Types and Sources 

                
              
         
            
           
        

2.3.2 Overview of Survey Reports 

               
              
            
              
              
            
             
              
            
            
  

2.3.3 Overview of Non-Survey Reports 

             
               
              
            
         25   
                
                
           
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2.4. Summary and Research Gap 

             
            
             
           
              

Micromobility usage patterns        
              
            
           
         
              
            
         
             
                
          

Relationship between micromobility and public transit    
            
            
            
                
             
             
         

Data availability and research gaps          
             
          
              
              
             
           
              
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3. Modeling Framework of Micromobility Analytics 

3.1 Research Objectives 

               
             
             
           
             
           
            
   

             
(1) Identify service areas and usage patterns        
             
 

(2) Examine relationships with other modes      
             
     

(3) Analyze crash events         
        

(4) Provide planning recommendations      
           
             

3.2 Development of Modeling Framework 

             
             
               
            
            
         
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Figure 3 1 Overview of the proposed modeling framework for micromobility analytics 

3.2.1 Module 1: Data Collection and Acquisition 

            
           
             
              
            
           
            
              
             
             
             
              

3.2.2 Module 2: Data Aggregation and Analysis 

              
            
             
              
              
               
             

 



 
 

 

 

 

 
  

             
            
             

3.2.3 Module 3: Pattern Recognition and Underlying Causes 

                 
             
            
           
         
           
              
          
               
         
            
              
           

 



 
 

 

 

 

 

   

 

 

 

 

 

 

 
  

 
  

 

   

 
  

 

 

 

 

 

 

 

 

 

 

 

4. Data Collection and Acquisition 

                
            
            
             
                 
             
             
              
             
             

Table 4-1 An overview of micromobility data sources and types in Florida 

     
    

         

      

      

 
         
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4.1 Data Type 1: Spatiotemporally Aggregated Data of Micromobility Usage 
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             
  

(a) 

(b) 

Figure 4-1 Illustration of the format of spatiotemporally aggregated data of micromobility usage 
in Gainesville, FL: (a) quarterly aggregation and (b) street-level aggregation 

4.2 Data Type 2: Individual Trip Data of Micromobility Usage 

               
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              
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    

Figure 4-2 Overview of individual trip-level data types 

4.3 Data Type 3: Florida Micromobility Usage Survey Data 
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             

                 
               
              
               
                  
              
          

 



           

           

                         

                         

                         

                         

                           

                       

                             

                           

                       

   

Figure 4 3 Distribution of online preference surveys in Florida 

4.4 Data Type 4: Public Transit Route and Network Data 

             
             
              
              
              
                
               
              
             
   

 



 
 

 

 

 

 

  
 

 

 

 

 

 

  

 
 

 
 

 

4.5 Data Type 5: Micromobility-Related Crash Event Data 

  30            
              
            
            
            
             
            
              
           
           
        31      

Table 4-2 Information on each crash event in Florida 

    
  

  

  

 

 

 

 

30  
31  

 



 
 

 

  
 

 

 

 

  

 
 

 

Table 4-2 Continued 

    
  

4.6 Data Type 6: Data of Different Influential Factors 

            
             
               
            
             
         32   33  
             
            
              
              
            
              
             
            
 

32  
33  
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5. Patterns of Micromobility Usage in Florida 

             
             
            
          
    

5.1 Travel Behaviors of Micromobility Usage 

                
             
      

5.1.1 Modal Choices 

             
                
               
                
               
                
              
            
       
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Figure 5 1 Probability distribution of trip frequency using different modes of transportation 

5.1.2 Barriers to Ride Micromobility (For Non Users) 

                 
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Figure 5 2 Barrier rankings of why people do not ride micromobility 

5.1.3 Motives to Ride Micromobility (For Users) 

               
                
                 
              
             
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Figure 5 3 Motives of users to ride micromobility 
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5.1.4 Factors Restricting Users to Ride Micromobility (For Users) 

                
                  
                   
                 
             
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Figure 5 4 Rankings of factors restricting users to ride micromobility 

5.2 Trip Characteristics of Micromobility Usage 

5.2.1 Trip Duration and Distances 

              
                 
 

Jacksonville 
              
            
                
                
              
                 
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Figure 5-5 Probability distribution of scooter trip durations and distances in Jacksonville, FL 

Gainesville 
              
               
             
             
               
             
                  
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      
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Figure 5-6 Probability distribution of scooter trip durations and distances in Gainesville, FL 

Similarity 
            
              
            

5.2.2 Trip Purpose and Frequency 

             
            
              
            
              
              
             
             
               
            

                
              
               
                
                 
                
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Figure 5 7 Distribution of trip purposes and frequencies using micromobility in Florida 

5.3 Users’ Sociodemographic Characteristics 

             
            
              
             
               
              
          
            
          

(1)             
(2)                
               
      

(3)               
            
         

(4)             
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              
             
          

(5)            
             
         

(6)             
            
         
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Figure 5-8 Distribution of micromobility users’ sociodemographics using survey data: (a) 
gender, (b) age range, (c) ethical group, (d) level of education, (e) employment status, and (f) 
household income 
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5.4 Temporal Patterns of Micromobility Usage 

5.4.1 Quarterly and Monthly Variations 

            
                
              
            
              
              
               
      

Figure 5-9 Yearly, quarterly, and monthly variations of micromobility usage in the four Florida 
cities: (a) Tallahassee, (b) Jacksonville, (c) Orlando, and (d) Gainesville 

Tallahassee 
            
             
               
              

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

        

Jacksonville 
              
                   
              
                  
   

Orlando 
                
                
           
             
           

Gainesville 
                
              
             
              
                
                
                  
              
                
             
              
     

5.4.2 Weekly and Hourly Variations 

               
               
      
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Jacksonville 
              
                  
              
           
              
              
                
                 
                 
              
               
              
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Figure 5-10 Temporal patterns of scooter trips in Jacksonville, FL: (a) weekly variations and (b) 
hourly variations 
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Figure 5-11 Temporal patterns of scooter trips in Gainesville, FL: (a) weekly variations and (b) 
hourly variations 

5.5 Spatial Distributions of Micromobility Usage 

5.5.1 Spatial Distribution of Bike and Scooter Trips by Street Types in Tallahassee 
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Figure 5-12 Spatial distributions of (a) bike and (b) scooter trips by street type in Tallahassee 

5.5.2 Spatial Distribution of Bike and Scooter Trips by Street Types in Orlando 
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Figure 5-13 Spatial distributions of (a) bike and (b) scooter trips by street type in Orlando 

5.5.3 Spatial Distribution of Scooter Trips in Jacksonville, FL 
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Figure 5-14 Spatial distributions of shared scooter trips in Jacksonville, FL: (a) trip origins, (b) 
census aggregation of trip origins, (c) trip destinations, and (d) census aggregation of trip 
destinations 
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Figure 5-15 Spatial overlapping patterns between bike lanes and (a) trip origins and (b) 
destinations in Jacksonville, FL 
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Figure 5-16 Distributions of (a) scooter trip origins, (b) scooter trip destinations, and (c) 
clusters of both trip origins and destinations in Jacksonville, FL 
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5.5.4 Spatial Distribution of Scooter Trips in Gainesville, FL 

Spatial Distribution of Scooter Trips and Aggregation at Census Tracts 
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Figure 5-17 Spatial distributions of shared scooter trips in Gainesville, FL: (a) trip origins, (b) 
census aggregation of trip origins, (c) trip destinations, and (d) census aggregation of trip 
destinations 
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Figure 5-18 Street-level aggregation and mapping of (a) e-bike and (b) scooter trips in 
Gainesville, FL 
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              
              
              
               
                
             
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Figure 5-19 Distributions of (a) scooter trip origins, (b) scooter trip destinations, and (c) 
clusters of both trip origins and destinations in Gainesville, FL 
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6. Relationship between Usage Patterns and Influential Factors 

              
         
              
             
               
              
              

6.1 Type of Spatial Influencing Factors 

6.1.1 Sociodemographic and Built Environment Attributes 

          
                  
                
              
              
               
                  
                  
                   
                 
               
             
     

6.1.2 Points of Interest (POIs) 

      35           
              
             
          
             
                
                

 
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             
               
               
       

Table 6-1 Categorization of different points of interest in Florida 

     
      

           

        

            

    

             

       

              

          

     

            

          

              

              

            

            

         

      

         

            

        

         

6.1.3 Street View Images (SVIs) 

                 
             
               
                 
                
            
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              
             
            
       

                  
               
                
                
              
           
            
               
  

Figure 6-1 A showing of model input and output images of the pspnet101_cityscapes model 

6.1.4 Descriptive Statistics 

Jacksonville 
             
                 
              
            
             
               
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              
             
              

Table 6-2 Descriptive statistics of daily scooter ridership and its influential factors across 85 
clusters of trip origins in Jacksonville, FL 

 
  

  
     

          

Demographics 

         

          

        

         

         

         

Built environment attributes 

          

         

           

          

Number of points of interest (POIs) in a 250-m (820-feet) buffer 

        

        

        

        

            

             

            

           

        

        

         

        

Distance from different POIs 

        

             

             

 



 
 

 

 
 

 
     

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Table 6-2 Continued 

 
  

  
     

Distance from different POIs 

        

        

        

        

        

        

             
            
        

        

         

         

        

          

         

Street characteristics derived from street view images (SVIs) 

        

        

        

        

        

        

             

              

           

        

        

        

        

        

        

        

        

        

        

 



 
 

 

 
 

 
     

       

 

       

       

       

       

       

       

 

       

       

       

       

 

      

 

      

      

      

      

      

      

      

      

      

       

       

 

      

 

      

      

      

      

      

      

      

Table 6-3 Descriptive statistics of daily scooter ridership and its influential factors across 122 
clusters of trip destinations in Jacksonville, FL 

 
  

  
     

          

Demographics 

         

          

        

         

         

         

Built environment attributes 

          

         

           

          

Number of points of interest (POIs) in a 250-m (820-feet) buffer 

        

        

        

        

            

             

            

           

        

        

         

        

Distance from different POIs 

        

        

         

             

            

        

        

        

 



 
 

 

 
 

 
     

 

      

 

      

      

      

      

      

      

      

      

      

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

 

Table 6-3 Continued 

 
  

  
     

Distance from different POIs 

        

        

        

        

             

             

         

        

          

         

Street characteristics derived from street view images (SVIs) 

        

        

        

        

        

        

             

              

           

        

        

        

        

        

        

        

        

        

        

Gainesville 
             
                 

 



 
 

 

 

 

 
 

 
     

       

 

       

       

       

       

       

       

 

       

       

       

       

 

      

 

      

      

      

      

      

      

      

      

      

       

       

              
            
             
               
              
             
              

Table 6-4 Descriptive statistics of daily scooter ridership and its influential factors across 599 
clusters of trip origins in Gainesville, FL 

 
  

  
     

          

Demographics 

         

          

        

         

         

         

Built environment attributes 

          

         

           

          

Number of points of interest (POIs) in a 250-m (820-feet) buffer 

        

        

        

        

            

             

            

           

        

        

         

        

 



 
 

 

 
 

 
     

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Table 6-4 Continued 

 
  

  
     

Distance from different POIs 

        

        

         

        

        

        

        

        
     

        
    

        

        

        

        

         

         

        

          

          

Street characteristics derived from street view images (SVIs) 

        

        

        

        

        

        

         

         
    

        
     

        
   

        

        

        

        

        

        

 



 
 

 

 
 

 
     

 

      

 

      

      

 

 

 
 

 
     

       

 

       

       

       

       

       

       

 

       

       

       

       

 

      

 

      

      

      

      

      

      

      

      

      

       

       

Table 6-4 Continued 
  

   
     

Street characteristics derived from street view images (SVIs) 

            

             

           

Table 6-5 Descriptive statistics of daily scooter ridership and its influential factors across 809 
clusters of trip destinations in Gainesville, FL 

 
  

  
     

          

Demographics 

         

          

        

         

         

         

Built environment attributes 

          

         

           

          

Number of points of interest (POIs) in a 250-m (820-feet) buffer 

        

        

        

        

            

             

            

           

        

        

         

        

 



 
 

 

 
 

 
     

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 

      

 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Table 6-5 Continued 

 
  

  
     

Distance from different POIs 

        

        

         

        

        

        

        

        
     

        
    

        

        

        

        

         

         

        

          

          

Street characteristics derived from street view images (SVIs) 

        

        

        

        

        

        

         

         
    

        
     

        
   

        

        

        

        

        

        

 



 
 

 

 
 

 
     

 

      

 

      

      

 

 

 

 

 

 

 

Table 6-5 Continued 
  

   
     

Street characteristics derived from street view images (SVIs) 

            

             

           

6.2 Methods of Revealing the Relationships 

6.2.1 Variable Selection 

Jacksonville 
               
               
            
             
               
               
            
            
                 
            
               
       

Gainesville 
               
               
            
             
               
               
            
            
                 
            
               

 



 
 

 

 

 

 

 

 

 

 

 

 

       

6.2.2 Decision Tree Models 

             
          
              
               
               
             
            
             
             
              
              
      

6.2.3 SHAP (SHapley Additive exPlanations) 

             
          
           
              
               
             
             
           
             
               
 

6.3 Relationship between Usage Patterns and Census-Level Attributes 

6.3.1 Feature Importance to Usage Patterns 

                
                
               
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               
              
              
                
                
              
            

Jacksonville 
              
                  
              
              
                  
            
              
              
             
               
              
    

Figure 6-2 Feature importance rankings of census-level attributes to scooter usage patterns 

Gainesville 
               
                 
              
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              
               
             
               
               
              
               
                 
         

Figure 6-3 Feature importance rankings of census-level attributes to scooter usage patterns 

6.3.2 Impacts of Census-Level Attributes on Usage Patterns 

Jacksonville 
             
              
               
            
              
              
               
               
              
             
              
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Figure 6-4 Relationship between census-level attributes and scooter usage patterns at clusters of 
trip origins in Jacksonville, FL 
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Figure 6-5 Relationship between census-level attributes and scooter usage patterns at clusters of 
trip destinations in Jacksonville, FL 

Gainesville 
Clusters of trip origins           
               
              
                 
               
             
             
               
             
                
            
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Figure 6-6 Relationship between census-level attributes and scooter usage patterns at clusters of 
trip origins in Gainesville, FL 

Clusters of trip destinations          
              
               
                
               
              
               
              
       
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Figure 6-7 Relationship between census-level attributes and scooter usage patterns at clusters of 
trip destinations in Gainesville, FL 

6.4 Relationship between Usage Patterns and Points of Interest (POIs) 

6.4.1 Relationship with the Number of POIs within a 250-m (820 feet) Buffer 

              
                
           

Jacksonville 
               
              
              
              
               
            
              
            
             
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Figure 6-8 Feature importance rankings of POI-related number attributes to usage patterns 

Gainesville 
               
             
             
             
              
            
           
            
             
               
             
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Figure 6-9 Feature importance rankings of POI-related number attributes to usage patterns 

6.4.2 Relationship with Distance from POIs 

               
            
               
             
               
              
            
            
         

Jacksonville 
Clusters of trip origins           
              
                
              
            
         
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Figure 6-10 Relationship between POI-related distance attributes and the scooter usage patterns 
at clusters of trip origins in Jacksonville, FL 

Clusters of trip destinations           
               
               
               
              
              
              
             
 
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Figure 6-11 Relationship between POI-related distance attributes and the scooter usage patterns 
at clusters of trip destinations in Jacksonville, FL 

Gainesville 
Clusters of trip origins             
             
            
             
             
               
 
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Figure 6-12 Relationship between POI-related distance attributes and the patterns of scooter 
usage at clusters of trip origins in Gainesville, FL 

Clusters of trip destinations            
            
            
               
              
              
           
            
             
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Figure 6-13 Relationship between POI-related distance attributes and the patterns of scooter 
usage at clusters of trip destinations in Gainesville, FL 

6.5 Relationship between Usage Patterns and Street Characteristics from SVIs 

                 
            
             
                
            
             
            
               
       

6.5.1 Feature Importance to Usage Patterns 

Jacksonville, FL 
            
             
               
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Figure 6-14 Feature importance rankings of street characteristics to the scooter usage patterns 
in Jacksonville, FL 

Gainesville 
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Figure 6-15 Feature importance rankings of street characteristics to the scooter usage patterns 
in Gainesville, FL 

6.5.2 Impact of Street Characteristics on Usage Patterns 

Jacksonville 
Clusters of trip origins           
              
              
            
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               
             
             
 

 



 
 

 

 

 

 
 

Figure 6-16 Relationship between street characteristics and the patterns of scooter usage at 
clusters of trip origins in Jacksonville, FL 

Clusters of trip destinations           
               
              
               
             
              
               
                  
            
               
            
              
            
              
               
            
    
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Figure 6-17 Relationship between street characteristics and the patterns of scooter usage at 
clusters of trip destinations in Jacksonville, FL 

Gainesville 
Clusters of trip origins           
                
             
              
             
             
             
                 
                
             
       
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Figure 6-18 Relationship between street characteristics and the patterns of scooter usage at 
clusters of trip origins in Gainesville, FL 

Clusters of trip destinations          
             
                
             
              
                 
               
             
             
       

Figure 6-19 Relationship between street characteristics and the patterns of scooter usage at 
clusters of trip destinations in Gainesville, FL 
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6.6 Other Recommendations for Micromobility Facility Planning 

             
               
           
     

6.6.1 Infrastructure Scoring and Willingness to Pay 

              
               
             
              
             
               
                
                
                
          
 

Figure 6-20 Illustration of (a) infrastructure scoring and (b) people’s willingness to pay for 
secure access parking 
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6.6.2 Selection of Micromobility Devices 

                 
            
             
              
             
               
                
              
             
               
                
              
               
               
               
 
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Figure 6-21 An illustration of (a)-(b) users’ and non-users’ intention to ride electric 
micromobility devices against non-electric ones and (c)-(d) users’ and non-users’ intention to 
ride dockless micromobility devices against docked ones 

6.6.3 Micromobility Accessibility and Availability 

               
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Figure 6-22 Illustration of users’ and non-users’ likelihood to ride micromobility if the devices 
are easily accessible and available 
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7. Relationships Between Micromobility and Public Transit in Florida 
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   

7.1 Methods of Revealing the Relationship between Micromobility and Transit 

7.1.1 Descriptive Statistics: Survey Data 

             
            
            
           
              
        

7.1.2 GIS-based Spatial Analysis: Scooter Trip Data and Transit Route Data 

               
                
           
            
               
                
           

7.2 Impact of Micromobility on Public Transit Accessibility 

              
              
             
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Jacksonville 

Figure 7-1 Illustration of the spatial distributions of transit routes and scooter trips in 
Jacksonville, FL 
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Gainesville 

Figure 7-2 Illustration of the spatial distributions of transit routes and scooter trips in 
Gainesville, FL 

                
              
                
              
             

 



 
 

 

 

 

 

 

 

 

 

 

 

               
          
             
           
              
              
         
             
                
 

             
              
            
               
        

7.3 Impact of Micromobility on Public Transit Ridership 
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Figure 7 3 Distribution of trip frequency when riding a bike or scooter to reach the nearest 
transit stop 
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Figure 7 4 Distribution of trip purposes when riding a bike or scooter to reach the nearest 
transit stop 

 



                 

                         

                     

                     

                               

           

                           

                             

                       

                   

                         

                               

                               

                                     

                               

             

                               

           

7.3.2 Impact of Shared Trip Duration and Distance on Transit Ridership 
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Figure 7 5 Distributions of trip duration and its respective trip frequency when riding a bike or 
scooter to reach the nearest transit stop 
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Figure 7 6 Distributions of trip distance and its respective trip frequency when riding a bike or 
scooter to reach the nearest transit stop 

Effects of trip distance to reach the nearest transit stop        
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Figure 7 7 Restricting factors for modal integration between micromobility and public transit 
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Figure 7 8 Strategies of improvements in public transit to promote modal integration 

7.4.3 Strategy 3: Amenity Improvements in Transit Hubs 
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Figure 7 9 Strategies of amenity improvements in transit hubs to promote modal integration 
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7.4.4 Strategy 4: Improvement of Buses and Shared Micromobility Devices 
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Figure 7-10 Effects of improvements of buses and shared micromobility devices on their potential 
modal integration: (a) availability of more racks on the bus and (b) availability of more shared 
micromobility devices 
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8. Patterns of Micromobility-Related Crashes in Florida 
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8.1 Characteristics of Micromobility-Related Crashes in Florida 
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Figure 8 1 Illustration of crash occurrence of micromobility riders 

8.1.2 Spatiotemporal Patterns 
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Figure 8 2 Illustration of spatial distributions of crash events involving non motorists in Florida 

Temporal Patterns 
                

                 
              
            
             
             
               

 



 
 

 

 

 

 

 

 

 

 

 

 

 
 

            
            

Figure 8-3 Temporal patterns of micromobility-related crash events in FL: (a) monthly 
variations, (b) weekly variations, and (c) daily variations 

8.1.3 Contributing Factor Analysis 

Crash Characteristics 
               
               
                
            

Figure 8-4 Illustration of crash characteristics: (a) type of crash, (b) type of impact, and (c) 
injury severity 
Non-motorists’ and Drivers’ Behaviors 
             

 



 
 

 

 

 
 

 

 

 

                
            
            
               
             
               
               
             
            

Figure 8-5 Illustration of (a)-(c) non-motorists’ and (d)-(e) drivers’ behaviors 
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Figure 8-6 Illustration of crash-related environmental conditions: (a) lighting, (b) road surface, 
and (c) weather conditions 

8.1.4 Location Analysis 
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Figure 8-7 Illustration of the crash counts under various streets: (a) urban or rural and (b) road 
system identifier 
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Figure 8-8 Illustration of the crash counts under different locations: (a) location, (b) junction 
flag, and (c) proximity to intersections 
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Figure 8-9 Illustration of the crash counts under different intersection and shoulder settings: (a) 
type of intersection and (b) type of shoulder 
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8.2 Characteristics of Micromobility-Related Crashes in Gainesville, FL 
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Figure 8-10 Temporal patterns of micromobility-related crashes in Gainesville, FL: (a) monthly 
variations, (b) weekly variations, and (c) daily variations 

8.2.2 Spatial Distributions 
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Figure 8-11 Spatial distributions and street-level mapping of micromobility-related crash events 
in Gainesville, FL 
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8.2.3 Contributing Factor Analysis 

                
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Crash Characteristics 
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Figure 8-12 Illustration of crash characteristics: (a) type of crash, (b) type of impact, and (c) 
injury severity in Gainesville, FL 

Non-motorists’ and Drivers’ Behaviors 
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Figure 8-13 Illustration of (a)-(c) non-motorists’ and (d)-(e) drivers’ behaviors in Gainesville, 
FL 

Environmental Circumstances 
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Figure 8-14 Illustration of crash-related environmental conditions in Gainesville, FL: (a) 
lighting, (b) road surface, and (c) weather conditions. The three figures above black dashed lines 
refer to crash counts, while the three figures below black dashed lines refer to crash percentages 
(ratio of crash counts to micromobility usage during the same period) 

8.2.4 Location Analysis 
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Figure 8-15 Illustration of the crash counts (above black dashed lines) and percentages (below 
black dashed lines) under various streets in Gainesville, FL: (a) urban or rural and (b) road 
system identifier 
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Figure 8-16 Illustration of the crash counts (above black dashed lines) and percentages (below 
black dashed lines) under different locations in Gainesville, FL: (a) location and (b) junction 
flag 
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Figure 8-17 Illustration of the crash counts (above black dashed lines) and percentages (below 
black dashed lines) under different intersection and shoulder settings in Gainesville, FL: (a) type 
of intersection, (b) type of intersection control, and (c) type of shoulder 

8.2.5 Strategies to Mitigate Micromobility-Related Crashes 
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Figure 8-18 Illustration of users’ and non-users’ likelihood to ride micromobility given a better 
and safer riding environment 
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(3)           
          
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9. Summary 

              
              
            
             
           
            
           
             
            
           
          
            
            
            
               
            
           
           
               

1.       
(1)             
            
           
            
           
             

(2)               
            
           
              
             
        

(3)              
            
     

(4)           

 



 
 

 
 

 
 

 
 

 

              
            
          
               
            
             
               
      

(5)              
             
            
           
             
                 
             
              
               
           
  

(6)            
            
              
             
              
             
            
        

(7)                
            
            
            
             
          
             
             
            
            
             
       

 



 
 

 

 

 

  
 

 
 

 
 

 
 

 

 

  
 

 

(8)             
            
               
             
             
               
            
            
        

2.       
(1)         
              
               
          

(2)               
             
      

(3)            
           
             
               
           

(4)           
           
             
            
             
        

3.       
(1)           
               
            
              
          
            

 



 
 

 

 

 

  
 

 
 

 
 

 
 

 
 

(2)             
              
                 
              
              
              
                
            
           
                  
               
              
           

4.     
(1)            
         
             
             
            
          

(2)            
            
            
          
          

(3)         
           
          
      

(4)           
         
             
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	b) 
	b) 
	                                                                                    


	4.                                        
	a) 
	a) 
	a) 
	                                        

	b) 
	b) 
	                                   

	c) 
	c) 
	                                             

	d) 
	d) 
	                                                                   


	5.                                                            
	a) 
	a) 
	a) 
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	                                                                       
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	                                                      
	(1) 
	(1) 
	(1) 
	                                                                  
	


	(2) 
	(2) 
	                                                                                 
	


	(3) 
	(3) 
	                                                                  
	



	          
	                                                           
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	Figure 5 1 Probability distribution of trip frequency using different modes of transportation 
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	Figure 5-8 Distribution of micromobility users’ sociodemographics using survey data: (a) gender, (b) age range, (c) ethical group, (d) level of education, (e) employment status, and (f) household income 



	5.4 Temporal Patterns of Micromobility Usage 
	5.4 Temporal Patterns of Micromobility Usage 
	5.4.1 Quarterly and Monthly Variations 
	5.4.1 Quarterly and Monthly Variations 
	                                                                       
	Figure
	Figure 5-9 Yearly, quarterly, and monthly variations of micromobility usage in the four Florida cities: (a) Tallahassee, (b) Jacksonville, (c) Orlando, and (d) Gainesville 
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	Figure 5-16 Distributions of (a) scooter trip origins, (b) scooter trip destinations, and (c) clusters of both trip origins and destinations in Jacksonville, FL 
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	Figure 5-19 Distributions of (a) scooter trip origins, (b) scooter trip destinations, and (c) clusters of both trip origins and destinations in Gainesville, FL 
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	                                                                            
	 
	
	


	6.1.2 Points of Interest (POIs) 
	6.1.2 Points of Interest (POIs) 
	                                                                         
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	 
	                                                  
	Table 6-1 Categorization of different points of interest in Florida 
	 
	 
	 
	    

	  
	  
	    

	  
	  
	         

	TR
	        

	  
	  
	          

	TR
	    

	  
	  
	           

	TR
	       

	  
	  
	            

	TR
	          

	TR
	     

	  
	  
	          

	TR
	          

	TR
	              

	  
	  
	            

	TR
	            

	TR
	            

	TR
	         

	  
	  
	    

	  
	  
	       

	  
	  
	          
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	Figure 8-8 Illustration of the crash counts under different locations: (a) location, (b) junction flag, and (c) proximity to intersections 
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	Figure 8-10 Temporal patterns of micromobility-related crashes in Gainesville, FL: (a) monthly variations, (b) weekly variations, and (c) daily variations 
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	Figure 8-14 Illustration of crash-related environmental conditions in Gainesville, FL: (a) lighting, (b) road surface, and (c) weather conditions. The three figures above black dashed lines refer to crash counts, while the three figures below black dashed lines refer to crash percentages (ratio of crash counts to micromobility usage during the same period) 
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	Figure 8-15 Illustration of the crash counts (above black dashed lines) and percentages (below black dashed lines) under various streets in Gainesville, FL: (a) urban or rural and (b) road system identifier 
	Figure 8-15 Illustration of the crash counts (above black dashed lines) and percentages (below black dashed lines) under various streets in Gainesville, FL: (a) urban or rural and (b) road system identifier 


	Location Characteristics 
	                                                                  
	          
	                                                                      
	                                                                      
	                           

	Figure
	Figure 8-16 Illustration of the crash counts (above black dashed lines) and percentages (below black dashed lines) under different locations in Gainesville, FL: (a) location and (b) junction flag 
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	Figure 8-17 Illustration of the crash counts (above black dashed lines) and percentages (below black dashed lines) under different intersection and shoulder settings in Gainesville, FL: (a) type of intersection, (b) type of intersection control, and (c) type of shoulder 
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	 



	              
	                                                                            
	(5) 
	(5) 
	(5) 
	                                                                              
	 
	 
	 


	(6) 
	(6) 
	                                                                              
	       


	(7) 
	(7) 
	                                                                       
	      


	(8) 
	(8) 
	                                                                              
	   



	2.       
	(1) 
	(1) 
	(1) 
	                                              
	 


	(2) 
	(2) 
	                                
	 


	(3) 
	(3) 
	                                                           
	  


	(4) 
	(4) 
	                                                                  
	 



	3.       
	(1) 
	(1) 
	(1) 
	                                                                       
	  


	(2) 
	(2) 
	          
	  



	                                                                                      
	4.     
	(1) 
	(1) 
	(1) 
	                                                                   
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