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ABSTRACT

A recent literature has advanced the use of Engel curves to estimate overall CPI bias. In this paper,
I show that the methodology is sensitive to the modeling of household demography. Existing estimates
of CPI bias do not account for the changing effect of household size on budget shares, and this can
lead to omitted variable bias. Since the effect of household size on demand changes over time the drift
in Engel curves attributed to CPI bias is partially explained by this effect. My estimates of the annual
rate of CPI bias from 1888 to 1935 are changed by at least 25%, and usually more than 50%, once
the changing effect of household size is accounted for.
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              

               

                

              

               

                

             

             

  

                   

            

                 

           

               

            

             

                

              

             

               

               

                 

                

                

                  
                  
   





                 

                  

               

       

                

                  

                

                

               

                  

               

               

                

          

                

             

             

               

               

                  

                

                   

      

                

                

                

                

              

                 

             





               

                

        

        

                

               

             

               

                

            

              

             

           

            

            

               

              

          

                   

              

              



    




  











    

                   

                

                
                     
            





                  

              

                 

      

              

                

                   

                 

                 

                 

                 

            

              

              

                 

        

     

      

              

               

              

               

              

                 

                 

                 

                 


                  





                

              

               

               

   

             

              

            

               

         

                 

                

               

           

              

                 

             

        

               

                   

                 

                       

      

       

            





               

                    

                   

                 

                

  

                     

                       

         

                













                

             

                 

                 

       

               

                 

     

    



        

 










                

                   

                

        

               

                

                 

   

           




 




  

 

                         

                  

        

 







                

         

              

               

      


          

  

   

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              

                  

               

              

                

                 

                

              

            

                 

                 

             

                    

     

      

              

              

             

                

                 

                

               

                 
                  
                   
              





             

                  

                

                  

                  

     

              

              

               

                

               

             

                

               

             

             

              

               

            

               

              

             

                  

               

               

            

                

            

                 

                         
                   





                

      

               

                 

              

             

                    

            

             

       

     

              

                

             

                

              

              

                

                 

               

               

               

               

   

               

             

                 

               

               





                 

               

              

             

    

 

                

                

                

                 

                

              

               

                 

               

                 

                   

                 

                 

                

              

              

                 

                

               

                  

               

              

            







           
          

             
            
 

               
              

            
       

             
                
  

              
             
 

           
    

                
            

              
       

             
         

            


              
         

                
            
   

               
     

             
   

               
      





              
       

            
         

               
      

             
   

              
     

              
     

            


              
      

             
     

             
          
   

             
   

             
       

               
           
   

               
          

             
             
      





  

    

             
            
              
               
              
              
           
             
          

               
            
                
                  
                
               
              

              
               
               
                    
              
                  
             
              
              
                  
                 
            

              
               
              
                
            
              
          
            
          
          
            
            
            





  

              
             
               
                 
                 
               
                  
          





Figure 1
Difference Between Hamilton-Costa, Household Size Corrected, and Historical CPI 1887-1937 
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*Deviations are from CPI estimates (corrected minus uncorrected) by Lawrence H. Officer (2006), "The Annual Consumer Price Index for the United States, 1774-2005" 

Full Household Compositon * Time Interaction CPI



Figure 2
Corrected CPI Estimates With and Without Controls for Changing Household Size 1887-1937
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*Uncorrected CPI estimates come from Lawrence H. Officer (2006), "The Annual Consumer Price Index for the United States, 1774-2005"   
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Figure 3 
CPI Deflated Real Expenditures, 1900-1937
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I II III

Variable 1888 1917 1935

Household Size 4.7 4.9 3.7
(2.11) (1.64) (1.45)

Food Share 44.5% 39.2% 38.9%
(.089) (.079) (.093)

Clothing Share 16.7% 16.2% 10.9%
(.065) (.050) (.056)

Entertainment Share 1.9% 3.2% 3.5%
(.024) (.009) (.027)

Housing Share 13.7% 13.6% 14.3%
(.081) (.069) (.088)

N 6809 12817 3534

Note: Estimates are the mean values, based on Author's calculation.
Standard Deviations are listed in parentheses.

I II III

Variable 1888 1917 1935

Log of Household Size -0.023 -0.091 -0.040
(5.6) (32.39) (3.36)

N 6809 12817 3534

Note: 
Each entry is the coefficient estimate for the log of household size from an OLS regression.
The dependent variable in each regression is the share of household expenditure devoted to food.
Each entry comes from a separate regression that includes the log of per capita expenditure, 
the fraction of the household employed, the state of residence, the industry of the household head,   
and demographic shares of the household in five year age-sex categories.

Robust t-statistics are listed under coefficient estimates in parentheses.  

Table 1

Summary Statistics from Historical Household Surveys, 1888-1935

The Effect of Household Size on Food's Share of the Budget 1888-1935



I II III IV V VI
1888/1917 1888/1917 1888/1917 1917/1935 1917/1935 1917/1935

Log Real Per Capita Expenditure -0.132 -0.131 -0.133 -0.159 -0.159 -0.156
(73.96) (73.11) (75.29) (93.82) (93.89) (93.89)

Log Household Size -0.055 -0.069 -0.019 -0.101 -0.099 -0.085
(23.44) (24.82) (5.34) (35.20) (33.62) (27.02)

Year is 1917 0.065 0.026 0.003
(34.83) (5.70) (0.35)

Year is 1917 * Log Household Size 0.025 -0.047
(9.36) (10.64)

Year is 1935 -0.091 -0.069 0.036
(4.42) (3.17) (1.64)

Year is 1935 * Log Household Size -0.016 0.036
(3.15) (4.28)

Full Demographic *  Time Interaction X X

R-Squared 0.393 0.396 0.413 0.477 0.479 0.510

N 19626 19626 19626 16467 16467 16467

Cumulative CPI Bias -0.633 -0.219 -0.165 0.435 0.351 -0.260

Annual CPI Bias -0.022 -0.007 -0.006 0.024 0.019 -0.014

Annual Bias (without controls)/ 288% 366% 124% -168%
Annual Bias (with controls)
[Expressed as percent]

Note:
The dependent variable in all regressions is the share of household expenditure devoted to food.
Robust t-statistics are listed under coefficient estimates in parentheses.  The regressions above include
relative price changes between food and non-food (by region), deflated household expenditure (by region),  
regional dummies, household demographics, and the fraction of the household employed. 
Regressions are weighted by population size of the US to control for sample size differences (as in Costa 
(2001)).
Full demographic * time interaction are regressions where each household share is interacted with 
the "Year is 19XX" time variable.

See section 3 of the text for details on the functional form in the CPI bias regression. 
See section 3 of the text for the derivation of the cumulative and annual CPI bias estimates.

Table 2
Estimating CPI Bias with and without Controls for Changing Household Size, 1888-1935 (Food)



Table 3
Estimating CPI Bias with and without Controls for Changing Household Size, 1888-1935 (Entertainment)

I II III IV V VI
1888/1917 1888/1917 1888/1917 1917/1935 1917/1935 1917/1935

Log Real Per Capita Expenditure 0.016 0.016 0.016 0.011 0.011 0.010
(39.12) (40.16) (40.52) (33.77) (33.90) (33.15)

Log Household Size 0.006 0.002 0.00182 0.006 0.00583 0.006
(11.37) (2.84) (2.22) (11.90) (10.79) (10.92)

Year is 1917 -0.024 -0.036 -0.047
(57.28) (34.84) (20.85)

Year is 1917 * Log Household Size 0.008 0.009
(12.45) (8.82)

Year is 1935 0.064 0.059 0.061
(16.91) (14.82) (14.91)

Year is 1935 * Log Household Size 0.003 -0.004
(3.66) (2.56)

Full Demographic * Time Interaction X X

R-Squared 0.203 0.209 0.220 0.327 0.327 0.333

N 19626 19626 19626 16467 16467 16467

Cumulative CPI Bias -8.370 -18.836 -38.449 0.997 0.995 0.997

Annual CPI Bias 0.289 0.650 1.325 0.055 0.055 0.055

Annual Bias (without controls)/ 44% 22% 100% 100%
Annual Bias (with controls)
[Expressed as percent]

Note:
The dependent variable in all regressions is the share of household expenditure devoted to entertainment.
Robust t-statistics are listed under coefficient estimates in parentheses.  The regressions above include
relative price changes between food and non-food (by region), deflated household expenditure (by region),  
regional dummies, household demographics, and the fraction of the household employed. 
Regressions are weighted by population size of the US to control for sample size differences (as in Costa 
(2001)).
Full demographic * time interaction are regressions where each household share is interacted with 
the "Year is 19XX" time variable.

See section 3 of the text for details on the functional form in the CPI bias regression. 
See section 3 of the text for the derivation of the cumulative and annual CPI bias estimates.



Table 4
Estimating CPI Bias with and without Controls for Changing Household Size, 1888-1935 (Clothing)

I II III IV V VI
1888/1917 1888/1917 1888/1917 1917/1935 1917/1935 1917/1935

Log Real Per Capita Expenditure 0.018 0.016 0.016 0.018 0.018 0.018
(12.71) (11.58) (11.41) (16.97) (17.11) (17.02)

Log Household Size 0.039 0.056 0.064 0.028 0.027 0.025
(21.53) (25.86) (22.39) (15.53) (14.30) (12.22)

Year is 1917 -0.015 0.030 0.018
(10.47) (8.63) (2.37)

Year is 1917 * Log Household Size -0.029 -0.040
(14.16) (11.44)

Year is 1935 -0.026 -0.043 -0.037
(1.97) (3.10) (2.59)

Year is 1935 * Log Household Size 0.012 0.013
(3.81) (2.43)

Full Demographic * Time Interaction X X

R-Squared 0.132 0.141 0.144 0.267 0.268 0.271

N 19626 19626 19626 16467 16467 16467

Cumulative CPI Bias -2.301 0.729 0.472 -3.239 -9.901 -6.635

Annual CPI Bias -0.079 0.025 0.016 -0.180 -0.550 -0.369

Annual Bias (without controls)/ -316% -487% 32.7% 48.8%
Annual Bias (with controls)
[Expressed as percent]

Note:
The dependent variable in all regressions is the share of household expenditure devoted to clothing.
Robust t-statistics are listed under coefficient estimates in parentheses.  The regressions above include
relative price changes between food and non-food (by region), deflated household expenditure (by region),  
regional dummies, household demographics, and the fraction of the household employed. 
Regressions are weighted by population size of the US to control for sample size differences (as in Costa 
(2001)).
Full demographic * time interaction are regressions where each household share is interacted with 
the "Year is 19XX" time variable.

See section 3 of the text for details on the functional form in the CPI bias regression. 
See section 3 of the text for the derivation of the cumulative and annual CPI bias estimates.
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