Appendix S5: A collection of tools for age estimation in Stata 


A: Scope 

The tools implement the general methodology outlined in Appendix S1. They support 

· the use of prespecified descriptions of the distribution of a characteristic C in dependence on age 
· visualizing these descriptions and comparing it with the empirical distribution in a target sample
· the definition of a family of distributions for age 
· maximum likelihood estimation of the parameters of the age distribution in a target sample
· computing characteristics of the fitted age distribution 
· visualizing the fitted age distribution 
· computation of individual age estimates with free choice of the prior distribution.

The basic challenge in implementing the general methodology outlined in Appendix S1 is the evaluation of the integrals appearing in the likelihood. It is in general not possible to arrive at explicit expressions for these integrals. Hence it is necessary to use numerical approximations. These approximations are described in Section B. Similar approximations are also used in computing in individual age estimates or characteristics of the fitted age distribution. This is described in Sections C and D. The tools themselves are then described in Sections E to K. The use of the tools is illustrated in Appendix S6. 


B: Approximation of integrals in evaluating the likelihood 

In estimating the population age distribution in the target sample by the maximum likelihood principle, the contribution of the individual i to the log-likelihood is given by 

  with    and  
 
We can see that includes an integral. This integral cannot be converted to an explicit formula. Hence it is necessary to use a numerical approximation.  We make use of a simple rectangular rule which requires to evaluate  at a series of K equally spaced grid points . This implies to replace   with 


  

To ensure that such an approximation is sufficiently accurate the probability mass of  must be concentrated on the age range between  and . With choosing a range for example from 1 to 100, we can be pretty sure that this is fulfilled for the age distributions of interest. However, as we use a numerical routine to maximize the log-likelihood, it may happen that during this process the log-likelihood is also computed for choices of  that put mass outside of this range. To ensure that the log-likelihood is always computed for a proper distribution with mass within this range, we replace   by 



i.e., the density of the conditional distribution of age given age is between  and . This leads then to replacing  with




As pointed out in the main paper, it might be of interest to consider also truncated versions of distributions as candidates for the age distribution. This can be easily approached by choosing an alternative set of grid values. For example, if we would truncate the distribution at an age of 20, the grid values have just to start with . 


C: Approximation of integrals in computing posterior distributions

Individual age estimates require to evaluate the posterior distribution as outlined in S1 (C). The computation of this posterior distribution requires again to evaluate  , and hence the approximation given above can be used, too. The computation of the posterior mean requires to evaluate a further integral, and hence this can be based on evaluating the expression 




After having computed the posterior mean , the posterior standard deviation can be computed as the square root of 




The computation of the posterior mode does not involve the computation of an integral. The maximum of  does not depend on the normalizing constant. Consequently, we can directly search for the maximum of the function. This maximization task can be approached by evaluating  for a set of grid values. 


D: Computation of characteristics of an estimated age distribution 

Characteristics of the distribution  such as mean, standard deviations or percentiles can sometimes be expressed explicitly as a function of the components of . However, this is not always the case and can be cumbersome especially for flexible distributions such as splines. Consequently, we use a generic, numeric approach to compute such characteristics. 

A data set with the K observations for age and the weights  generated. Then Stata’s collapse command is used to compute the characteristics using the weights as analytical weights. This approach is extended to allow also to compute characteristics of the distribution of a transformation of age by replacing  with  in the data set.

It is also useful to depict the estimated age distribution by visualizing its density. This step requires additional care, as in the steps described so far (including B and C), it was only necessary to know the density up to the normalizing constant. For plotting the density function, it is necessary to know this constant. We use here the approximation 



with a grid of age values with a step size of 1. (For all other computations, it suffices to specify a grid with arbitrary, but constant step size.) 


E: Describing the distribution of a characteristic as a function of age 

To each trait variable varname in the actual dataset representing the target sample, a description of its distribution as a function of age can be attached by setting the two characterists varname[model] and varname[params], defining a parametric model for  and the parameter values. 

You can define your own model mymodel by writing a corresponding Stata program mymodel. For a discrete characteristic the program should follow the syntax 

mymodel varlist, from(integer) to(integer) gen(name) parameteroptions 

varlist refers to two variables. The first is interpreted as a characteristic C, the second as the age A. The probabilities/density values   should be computed and stored under the name indicated by the gen option. The options from and to indicate the range of allowed integer values for C. 

Three programs of this type are predefined. The first program oregressprob refers to a regression model for an ordinal characteristic. The class of models is an extension of the ordinal probit model introduced in Appendix S3 (A), taking into account some of the extensions discussed in Section S3 (B). So the models read 


or 

)

with  denoting a prespecified distribution function and  a prespecified transformation to be applied to age.  

The syntax of oregressprob is given by 

oregressprob varlist, distf(string) from(integer) to(integer) gen(name) kappa(numlist) {sigma(real)| beta(real)} [trans(string)] 

distf can be specified as normal, logistic or any Stata expression with # denoting the argument.  One of the two options sigma or beta have to be specified and this way the choice between the two model types is made. The trans option allows to define the transformation  of age as Stata expression with # denoting the argument, e.g. log(#). 

The second command normalstratprob refers to the situation described in Appendix S3 (C). The syntax is given by 

normalstratprob varlist, from(integer) to(integer) gen(name) mu(numlist) sigma(numlist) pi(numlist) 

with the options mu, sigma, and pi providing the strata-specific values as list of numbers.

The third command regressdens refers to the simple linear regression model described in Appendix S3 (A). The syntax is given by 

regressdens, gen(name) alpha(real) beta(real) sigma(real) 


F: Attaching a description to a variable 

To attach a description to a characteristic varname in the data set, you have to set the characteristic
varname[model] to the name of the program implementing the model and the characteristic varname[params] to the options with which this program should be called. Examples are 

char varname[model] oregressprob 
char varname[params] distf(Lambda) trans(log(#)) from(1) to(5) kappa(…) sigma(4.5) 

char varname[model] regressdens 
char varname[params] alpha(30.2) beta(2.634) sigma(4.3) 


G: Visualizing a description 

A description of the distribution of a characteristic as a function of age can be visualized using the commands showdescriptord or showdescriptcont. Both visualize the distribution of the characteristic at selected age values.  showdescriptord uses stacked bar charts for the visualization, and showdescriptcont uses line plots of the densities. Examples of both types of visualizations can be found in the main manuscript. 

The syntax of showdescriptord and showdescriptcont is given by 

showdescriptord, model(string) params(string) gridage(numlist) baroptions

showdescriptcont, model(string) params(string) gridage(numlist) gridchar(numlist ) twowayoptions


The specification of the options model() and params() follows the same logic as used when assigning a description to a variable. gridage() defines the age values to be considered and gridchar() the values of the (continuous) characteristic at which the density should be evaluated. The additional baroptions or twowayoptions are directly applied to the graphs created. (Type help graph bar or help twoway bar to find further information on these options.) 

Once a description has been attached to a variable, the distribution of the variable can be visualized together with the description using the commands showdescriptvarord and showdescriptvarcont. The syntax of these two commands is given by 

showdescriptvarord varname, gridage(numlist) combopts(combineoptions) left(baroptions) [fxsize(real 15)]
baroptions

showdescriptvarcont varname , gridage(numlist) gridchar(numlist ) combopts(combineoptions) left(twowayoptions) [fxsize(real 15)] twowayoptions

The option combopts()allows to define options to Stata’s graph combine command used to combine the two graphs. The option left() allows to define baroptions or twowayoptions for the left part of the graph.  The additional baroptions or twowayoptions found are automatically applied to the right part. With fxsize() the size of the right graph relative to the left part can be changed. 
Examples of both types of visualizations can be found in the main manuscript. 


H: Defining a family of age distributions 

You can define a family of age distributions  by writing a program mydens which evaluates for a variable containing age values. The domain of  must be the full real space, in particular the single components of  are not allowed to be restricted to a subset of . 

The syntax of mydens must be 

mydens varname, gen(name) parameteroptions 

parameteroptions specify the single components of theta by real value options, e.g., alpha(real) beta(real). parameteroptions can also include further options, e.g., a specification of the knots of a spline. 


The following commands are prespecified implementing the seven families of distributions described in Appendix S4. Many of these families involve parameters restricted to positive values. For these parameters we always use the reparameterization   implying , 
such that   covers the full set  . Consequently, some parameters appear in the sequel with names such as lnsigma instead of sigma. 

normaldens varname, gen(name) mu(real) lnsigma(real) 

lognormaldens varname, gen(name) mu(real) lnsigma(real) 

weibulldens varname , gen(name) lnaalpha(real) lnbeta(real) 

polygondens varname, gen(name) agevalues(numlist) [fix(integer 2)] lnalpha1(real) lnalpha2(real) … 

logsplinedens varname, gen(name) knots(numlist) beta1(real) beta2(real) … 

gompertzdens varname, gen(name) lnalpha(real) lnbeta(real) [aref(real 0)] 

gompertmakehamdens varname, gen(name) lnalpha(real) lnbeta(real) lnlambda(real) [aref(real 0)]


polygondens and logsplinedens do not compute a true density but only a function proportional to the true density. The option fix of polygondens allows to determine the index k for which is fixed to 1. The corresponding option lnalphak has to be omitted.  The number of  parameters to be specified is equal to the number of specified age values minus 3. The number of  parameters to be specified for log spline densities must be equal to the number of knots minus 1. 
 
Two further commands are  available to define non-informative or weakly informative prior distributions. These can be used as a prior distribution for individual age estimation, cf. Appendix S5 (K). 

The first command defines a uniform age distribution on an interval . The syntax is 

uniformdens varname, gen(name) a(real) b(real) 

The second command defines a trapezoidal distribution in an interval . The density of a trapezoidal distribution has the shape of a trapezoid. The constant level starts at a value  and ends at the value  with . The syntax is 

trapezdens varname, a(real) b(real) c(real) d(real) gen(name)


I: Estimating the parameters of the age distribution in a target sample 

This can be approached by the popest command, which implements maximum likelihood estimation based on Stata’s ml command.

The syntax is given by 

popest varlist, gridage(numlist) densage(call) params(namelist)  [inits(numlist)] maximizeoptions


The varlist defines the variables  introduced in Appendix S1 (B). Each variable must have been attached a description of the relation to age as described in Appendix S5 (F).  gridage()defines the grid values  introduced in S4 (B). densage()specifies the command to be called to evaluate the age distribution. It defines the call of the command, i.e., it may include the specification of options which do not reflect the parameters . The components of the parameter vector   are defined in the params()option. Initial values for the parameters can be specified in the inits()option.

Examples for typical calls to popest are 

popest … , gridage(0(1)100) densage(normal) params(mu sigma) 

popest … , gridage(20(1)100) densage(spline, knots(30 40 50 60)) params(beta1 beta2) 


The output of popest is the output of the ml command called, i.e., the estimates of  together with standard errors and confidence intervals. For some distributions, e.g., the normal distribution, these parameters are directly of interest. However, for most distributions, it is necessary to transform these values into estimates of characteristics of the distribution, e.g., mean, standard deviation or percentiles. Often, it is also of interest to visualize the density of the estimated distribution. This can be approached by the post estimation command described in the next section.

Note: The standard errors and confidence intervals produced by popest should be taken with care. They ignore the uncertainty in the descriptions, which are usually only estimates of the true relation between age and the characteristics. Consequently, they tend to underestimate the true uncertainty. 
 

J: Determining characteristics of the estimated age distribution and drawing the density

The command describedist is a post estimation command to popest. It allows to compute characteristics of the estimated age distribution using the technique described in Appendix S5 (D). 

The syntax of describedist is given by 

describedist, stats(statlist) [gridage(numlist) trans(expr) graph gridgraph(numlist) place(placelist) placeopts(string) normgrid(numlist) twowayoptions ] 

stats() define the characteristics to be computed. Any statistic allowed by Stata’s collapse command can be used. Typical choices are mean, sd, med, p10, p90. In addition, the statistics probgt(real)  and problt(real) can be specified indicating the probabilities to be above and belove the specified age. The trans() options allows to specify a transformation to be applied to age prior to the computations. The gridage() options allows to define a grid of age values to be used in the computations. If this option is not specified, the grid specified in the popest command is used. 
With the graph option a line graph of the density can be required. The gridgraph() option allows to define a specific grid at which the density should be evaluated. If this option is not specified, the same grid as in the computations is used.  
The place(placelist) option allows to include the values of the statistical characteristics in the graph. The placelist  should include for each statistic specified in stats() two numbers, a string, and a format. The two numbers are interpreted as coordinates where to place each value using Stata’s scatteri command. The string is used as prefix to the value, and the format to format the value. The twoway options defined in placeopts()are passed to each call of scatteri. The default is mlabpos(3) mlabcol(black).
The normgrid()option is necessary if a density is used which is not normed to 1. The option defines the grid to be used for computing the normalizing constant. This must be a grid with values spaced with a distance of 1.


K: Individual age estimation 

The indest command allows to compute individual age estimates based on the posterior distribution as described in Appendix S1 (C) and S5 (C). 

This approach requires to choose a prior distribution for .  indest can be used as a postestimation command to popest. In this case the estimated age distribution is used as prior distribution. Alternatively, a prior distribution can explicitly be specified.

indest computes estimates for all observations in the current sample. The syntax of indest is given by 

indest varlist, statsoptions [gridage(numlist) densage(call)] 

statsoptions can be any combination of postmean(name),  postsd(name), or  postmode(name). The corresponding estimates are stored in a variable under the given name. densage()allows to define explicitly a prior age distribution. Note that the call must include specifications of the parameter values. If densage()is not specified the estimated age distribution from the previous call of popest is used. gridage(numlist) can be used to overwrite the age grid defined by the previous call of popest.




Notes:

1. When using indest as postestimation command to popest, the variables specified in varlist have no logical connection to the varlist used with popest. Only the descriptions actually attached to the selected variables have an influence on the results. 

2. When computing posterior modes, only the values of the specified age grid are evaluated. Hence the resolution of the mode estimation is determined by the spacing of the grid values. To obtain a higher resolution, a narrower grid has to be used. 

3.  indest determines the posterior distribution for each observation. If an observation has missing values in all variables specified, the posterior distribution equals the prior distribution. Hence this observation obtains an age estimate only using information from the prior distribution.  

4. Uninformative prior distribution can be specified using the uniformdens command, see Appendix S5 (H). 
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