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In Japan and perhaps other countries, there is a rich amount of published age profiles using five-year age groups and often a rather large open-ended interval at the highest age.  It is quite useful to have single-year age data and below we describe a simple method for estimating an age-profile from grouped data.  

Suppose that the underlying age profile can be approximated using a quadratic or higher-order polynomial in age, e.g., 
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where h(a) is the age profile of interest, a is age, and the b’s are parameters to be estimated.  The age profile h(a) cannot be directly observed, only the average value for broad age groups.  Let 
[image: image2.wmf]()

hj

%

 be the average value for the jth age group.  This is a weighted average of h(a) 
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where the weights, s(a), is the population aged a divided by the population of the jth age group.  The limits of summation are the lower and upper limits of the jth age group.  Combining equations (1) and (2) gives us:  
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The observed group mean is linear in the weighted aged variables.  Thus, the coefficients of the underlying quadratic can be estimated using the grouped data and the weighted age variables.  The estimated parameters can then be used with equation 1 to obtain the single-year (or continuous) age profile.  

The quadratic may provide a poor fit to the profile.  This method is easily extended to higher degree polynomials or to cubic spline functions.  A cubic would be estimated by adding a third age variable – 
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.  A cubic spline would be of the form:  
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where 
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 is a dummy variable that is equal to 1 for a greater than 
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; otherwise 0.  The age at which spline term kicks in, 
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, is exogenously specified.  Additional spline terms can be added.  However, increasing the flexibility of the function also increases the chances of unrealistic swings.

There are several advantages to this approach.  First, it explicitly deals with problems created by the upper age group.  The expected value of h(x) for the upper age group is a non-linear function of the age distribution within that age group.  Changes of the age distribution will influence the mean value for the age group.  The same is true for other age groups, but it is probably more severe for the upper age group.  Second, estimating parameters will be useful for forecasting and backcasting the profiles.  

IMPORTANT.  Cubics and quadratics can increase much more rapidly at upper ages than the underlying data.  This could lead to a serious over-estimate of the effects of aging.  We found this to be the case for Japan in the example presented below for the per capita profile of National Health Insurance.  In fact, the profile is quite linear at older ages and we fit a model that was cubic below age 65 and linear after age 65.  The formula we estimated was:  
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The figure (Japan Medical Cost, 1998):
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Compare this to the result obtained by fitting a cubic spline with one knot at age 60 to the data.  This seriously over-estimates the health expenditure at older ages.

Figure using cubic spline:  
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The danger seems even greater when less information is available about the older age groups – for example, if the upper age group is only 70+.  It may be that a prudent approach would be to assume a linear increase at older ages.  Another approach would be to use something like the death rate and a constant multiplier.  

The stata commands used to estimate the cubic + linear spline function:  
use "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long.dta", clear

/* calculate population weight */

egen popgroup = sum(population), by(mean_agegroup year)

replace popgroup = population/popgroup

gen dk = age >= 65

replace mean_agegroup  = mean_agegroup - 65 

gen aw = mean_agegroup * popgroup * ( 1- dk)

gen a2w = mean_agegroup^2 * popgroup * ( 1- dk)

gen a3w = mean_agegroup^3 * popgroup *(1-dk)

gen a3ws = mean_agegroup*popgroup * dk

egen saw = sum(aw), by(mean_agegroup year)

egen sa2w = sum(a2w), by(mean_agegroup year)

egen sa3w = sum(a3w), by(mean_agegroup year)

egen sa3ws = sum(a3ws), by(mean_agegroup year)

replace mean_agegroup  = mean_agegroup + 65 

replace mean_agegroup  = 2.1 if age <= 4

collapse saw sa2w sa3w sa3ws med, by(mean_agegroup year)

reg med saw sa2w sa3w sa3ws if year == 1989, robust

gen saw_c = _b[saw] 

gen sa2w_c = _b[sa2w]

gen sa3w_c = _b[sa3w] 

gen sa3ws_c = _b[sa3ws]

gen con_c = _b[_cons]

/* saving collapse age-group based data and coefficients */

sort  mean_agegroup year 

save "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long_collapse.dta", replace

/* merging with single-age based data */

use "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long.dta", clear

sort  mean_agegroup year 

merge mean_agegroup year using  "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long_collapse.dta"

gen dk = age >= 65

replace age = age - 65 

gen med_e = (saw_c*age + sa2w_c*age^2) *(1 - dk) + sa3w_c*age^3*(1-dk) + sa3ws_c*age*dk + con_c 

replace age = age + 65

table age, content(mean med_e) 

The stata commands used to estimate the cubic spline function:  
use "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long.dta", clear

/* calculate population weight */

egen popgroup = sum(population), by(mean_agegroup year)

replace popgroup = population/popgroup

gen dk = age >= 60

replace mean_agegroup  = mean_agegroup - 60

gen aw = mean_agegroup * popgroup 

gen a2w = mean_agegroup^2 * popgroup 

gen a3w = mean_agegroup^3 * popgroup * dk

egen saw = sum(aw), by(mean_agegroup year)

egen sa2w = sum(a2w), by(mean_agegroup year)

egen sa3w = sum(a3w), by(mean_agegroup year)

 * egen sa3ws = sum(a3ws), by(mean_agegroup year)

replace mean_agegroup  = mean_agegroup + 60 

/* here some how the mean_age group for less than 4 years old changed into 2.0999 and will not match with the main data set */

replace mean_agegroup  = 2.1 if age <= 4

collapse saw sa2w sa3w med, by(mean_agegroup year)

reg med saw sa2w sa3w  if year == 1989, robust

gen saw_c = _b[saw] 

gen sa2w_c = _b[sa2w]

gen sa3w_c = _b[sa3w] 

* gen sa3ws_c = _b[sa3ws]

gen con_c = _b[_cons]

/* saving collapse age-group based data and coefficients */

sort  mean_agegroup year 

save "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long_collapse.dta", replace

/* merging with single-age based data */

use "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long.dta", clear

sort  mean_agegroup year 

merge mean_agegroup year using  "C:\Documents and Settings\nupri\My Documents\NTAIND\SUMMARY\LATEST\Japan\populweightjapan_long_collapse.dta"

gen dk = age >= 60

replace age = age - 60

gen med_e = saw_c*age + sa2w_c*age^2 + sa3w_c*age^3*dk + con_c 

replace age = age + 60

table age, content(mean med_e) 
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