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PREFACE

This document describes an analytical scheme and
a set of computer programs designed to permit analysis of
income transfer plans or related fiﬁancingApolicies. This
structure, itself forming only part of a more extensive
research program, was conceived in disgussions with D.G. Hartle,
initiated in several projects a£ the Institute'for Policy
Analysis of the Uhiversity of Toronto, and continued as an
activity of the Quantitative Analysis Course conducted by the
Institute, in Oﬁtawa, for the Public Service Commission. Work
now continues at the Treasury Board Secretariat and the ﬁepartment
of Finahce} with Dobell acting generally to coordinate and link
the several components. In order to describe the nature and

purpose of the present program, it is helpful first to indicate

briefly how all this work fitsytogether.

In an initial project to examine costs and impacts
of so-called contingent repayment plans for financial assistance
to students, the decision was taken to adopt an aggregate, or |
expected-value, approach, with ﬁore detailed analysis of
redistribution among individuals to be deferred. This initial
Vanalysis, based upon broadly defined classes of iﬁdividuals,
aﬁd dealing only with education financing schemes, is deséribed

in the CORSAP manual written by Michael Wolfson [1]. In addition,



work on demographic models at approximatély the same level of
aggreéation was undertaken at the Institute, as described in
a methodoloéical report by Leroy O. Stone [2]. A proposal by
‘Dobell for integration of fhis demographic work with the CORSAP
?rogram and further computer programs deséribing other transfer
schemes invorder to assess regional impacts has not so far been
implémenied, but remainé feasible'and is beiné pursued. |
In the meantime; related analytical work has been
developed at the level df individual records, with a pilot
project undertaken by Dobell and Cohen in the summer of 1970,
. as described in the MCSSAP manuals [3]1, together with related
work undertaken by Professor G.C.A. Cook aﬁd outlined in her
reportsVCG]Ato the Planning Branch of the Treasury Board
Secretariat, forming the starting point. This work in turn
.was split into three parts for further development within the
Quantitative Analysis Course over the past year. The first of
these sﬁb-projects was the_construction qf a computer program
evaluating the impact of various education financing proposals
upon an individual with a specified life-history; this program ]
is described in Cohen's Quantitative Analysis Course project
report [4]. The second part, the creation of a computer program
capable of generating.a representative sample of such life
histories, was carried out through the Institute for Policy

Analysis, and is described in a forthcoming report by Cohen,



Dobell, and Stone [5]. The third distinct activity, the creation
of a new Monte Carlb simulafion program for analysis»of education
financinQ schemes, integrating the two previous compénents, is
outlined in the manual MCSSAP II cited earlier [3], which forms

a companion to the present documént,.and a éé@uel to the MCSSAP
manual. Finally, the overall logic and program structure is

sketched in the present document.

Thus, considering only the analyéis of proposals for
education financing schemes, one may view the program structure
as havingkthreevleVels, within Which full integration has not yet
been aéhieved. At the first level is the deterministic model,
which takes cost, income, and tax data as given, acéepts the
description of a single life history énd the specification of
a proposed policy, and computes the resﬁlting.transfefs between
the individual, the financing scheme,Aand some overall government
budget. At the second level, theVdescription of individual life
histories is suppressed and the MCSSAP Ii program generates from
“estimated transition data a representative sample of such
longitudinal recordsk(or life-histories), computing summary
descriptions of interpersonal transfers and cash flows to or
from the financing fund. In principle, aggregation of this
sample of individual records to the aggregate categories employed
by the regional population projection mddel and by CORSAP would

yield the population, enrolment, and employment projections



neceésary for projections of cohort rates of return and aggregate
cash requirements for the financing fund. Integration to this
extent has not yvet been attempted but will, in principle, provide

.a valuable check upon the consistency of the MCSSAP II results.

More general use of this program structure is also
feasible, however. Considering'the requirements for analfsis
of}some unspecified transfer program, one sees that“all the
machinery is available in fhis general structure except the
detailed description of the rules for operation of the specific
scheme undef study. Provided these require no more detailed
"information than the status codes contained in the existing
demographic records, this.detailed description can be expressed
in a siﬁgle subroﬁtine inserted into the overall simulation
structure. This structure can then be used to generate the same
sort of summary infdrmation on redistributional effects and total
caéh flows as was developed for the transfer schemes dealing with
education financing. In particular, standardrflbw of funds tables

can be constructed to display intersectoral transactions.

Finally, this program structure can be employed
independently of any analysis of transfer schemes, simply for
the assembly and verification of demographic data. Since the
simulation model generates a sample of individual records

purporting to be representative of the current Canadian population,



it is crucial that the distribution of various charactéristics
withiﬁ the artificially generatéd sample be‘checked for cbnsistenéy'
with available data on the distribﬁtion of these chérécteristics
_within the population as a whole. The program fherefore makes
érovision for output of sample observations suitable for cross-
tabulation; and thus can, in principle, be employed fqr‘generatiné
syntﬁetiéally a body of‘longitudinal demographic data linking in

a '‘consistent way available cross-section data drawn from diverse

-8purces.

In concluding this outline of where this work now stands,
- it must be'emphasized that no validation of the demographic sample
has yet been completed."Extensivé work onrthis task is being
undertaken over the summer of 1972; until it is finished, all of
this model structure must be considerea untested, and no guéranﬁees
~or undertakings whatever can be made as to the accuracy of the
data base or the estimates derived. While the authors are willing
to cooperate in use of therprogram or in adaptation‘to other uses,
no distribution of the program or results is anticipated before

September, 1972.

.



I. INTRODUCTION

This document presents an overview of wcrk'on an
analytical framework and é set of computer programs designed
to assist in analysis:of distributiohal impécfs of government
transfer programs, with one important by-product being the
creation of a synthetic longitudinal sample of'records of |
individual demographic and economic hisiéries; As indicated
in the Preface, the work is closely related to several distinct
projectéldescribed elséwhere, but the present document will be
confiqed ta an'outiiﬁe_of the overall scheme for creation of a
samplé of individual'records and use of this'sample in analysis
of general transfer programs. The particular application giving
rise to the general program structure dealt with investment in
education, and the remainder of this document will illustrate
the general model in terms of this spécific application. But,
as will be clear from the discussion, many other transfer schemes
might be studied with only the replacement of transfer and tally
subroutines, and minimal changes elsewhere. The conceptual

scheme remains unaltered.

The relationship between the various parts of the
overall program structure can be illﬁst:ated in the aggregate
flow diagram set out in Figure 1. In this diagram, using the
identifying numbers in the upper corner of each program block,

the various components of the model can be described as follows:



1. The complete model.
' Consisting of the entire structure outlined
in Figure 1, the complete model is described
~briefly in the present document.

2. The deterministic model. :

Accepting pre- spec1f1ed life~histories and
computing the impact of various financing
_proposals upon them, the deterministic model
consists simply of blocks 1, 15, and 17-21 in
Figure 1. This model, useful for test purposes
in the larger model as well as for creating
particular detailed examples to accompany any
general analysis, is the subject of a report [4]
by Morris Cohen.

3. The demographlc model.

‘ If it is desired to create a representatlve
sample of life histories such as described in
the deterministic model, this task may be
accomplished by Monte Carlo techniques. The
program blocks to carry out the generation of
this synthetic longitudinal sample are indicated
in Figure 1 as blocks 5, 6, 9, and 10, with blocks
7, 8, and 11-14 providing for tabulated output
permitting comparison with various sources of
cross-section data. The creation and evaluation
of this demographic sample is described in the
Institute Working Paper by Dobell, Cohen, and
Stone [5].

4. The simulation model MCSSAP II.

The simulation structure employed to provide
estimates of distributional impacts of education
financing schemes consists of blocks 1, 5, 6, 9,

10, 15, 18, 19, and 22 to 24. Various flow-of-funds
or financial accounting statements can be created

in block 25 if desired*, and a tape containing a
panel of longitudinal records can be substituted

for blocks 5, 6, 9, and 10 in providing input to

the model, as shown in block 16. Unless some

* A forthcoming report by David Sewell of the Treasury Board
Secretariat (Planning Branch) will deal in part with this
issue.



feedback of policy onto demographic data is taken
into account as described in item 5 below, input
from such a tape is undoubtedly the most efficient
procedure. Documentation of MCSSAP II is given

- in more detail in the manual by that same name

£31.

5. Policy feedback. ‘

. The response of the education system and the
individuals in it can in principle be taken into
account in this model as indicated in blocks 1-4.
Block 2 provides for estimates of the changes in
individual decisions under altered financing policies,
and blocks 3 and 4 provide for estimates of the
impact of the resulting changes in student flows

upcn cost or income data. This structure is thus

the only portion of the program which draws upon
behavioural data or provides for any feedback or

~ internal adjustment within the system. Unfortunately,
while it is possible to take account of such responses
in principle, the necessary data as to the impact of
pclicy variables upon individual retention or
participation decisions, or as to the elasticity of
costs or incomes with respect to changing flows
through the system, are entirely lacking. Only
rather arbitrary sensitivity tests will be feasible
in practical applications. Nevertheless, if such
data do become available, through analysis of survey
data or otherwise, they can be brought into the

model framework in a consistent way.¥*

6. Comparison with aggregate analyses.

From the population arrays tabulated in block
7 and the financial flows tabulated in block 25
can be derived aggregate series permitting
comparison with other studies not attempting to
deal with distributional concerns demanding detail
at the level of individual records. Later reports
will attempt to reconcile model output with results
derived from such aggregate analyses.

It is perhaps worth pointing out that this
facility makes the model structure useful as a

* One may expect the work by Kathy Warren on accessibility to
post-secondary education, and the work by Verne Henderson
on the individual decision model for investment in educatlon
to yield data or model structures relevant to block 2.



~
.framework for storing educational data in a
consistent and meaningful way. This role as,
in effect, a storehouse of educational data in
a form permitting easy use and convenient
updating was one of the objectives of the
initial model work proposed two years ago,
and has dictated some of the work on tabulation
- and output options which would otherwise be
unnecessary. :

The remainder bf this report describes the analytical
framework underlying the model structure.: The first portion
deals with a model of individual decisions concerning education.
These decisions, in the aggregate, are then taken to be
describable statistically by a transition process, rather than
represented explicitly as decision functiong in a dynamic
programming framework. _The aggregate model takes the data of
the transition process as given, and proceeds to generate from
thése data a sample of individual lifetime records. These in
_turn ‘are used as input to routines evaluating financial flows
associated with particular histories, and tabulating the
resulting distributions of benefits aha costs. The remaining
sections of this report will deal briefly with each of these

!
steps in turn.
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II. The Individual Decision Problem

An analytic model was designed to examine individual
training and employment decisions. These decisions are
reflected in an individual's participation in the various
educational and occupational activities. 1In reality, this
participation is conditioned by various stochastic elements
not under the control of the individual: A further conditioning
is provided for by the finance policies set by the responsible
government agenéy. One could consider these policies as being
control parameters and thus the resulting individual decisions
can be thought of as being elements of an‘optimal decision set
.arrived at by the ind?vidual. Here optimality is with respect
- to some as-yet-undetermined utility function and subject to
both the structural constraints of the system and the policy

constraints set by government.

Thus given an input policy, represented by a vector
of parameters 6, the indiﬁidual will make a set of deciéions,
over time, G(t;?). This decision set can be partitioned into
a set of "demogéaphic decisions", D(t;6) and a set of "activity
decisions", K(t;8). The function D(t;6) refers to decisions
associated with marriage, fertility, migratioﬂ, etc., while
K(t;0) refers to decisions concerning educational and occupational
"activities. Upon conditioning by stochastic elements, such as
mortality, income mobility and success in school, a state history
or trajectory for the individual résults. This history is

summarized at each time period t by a vector S(t;0) where:



-
S(t:;8) = £(8(t;0),2),
§(t; ) = (D(t;8), K(t;0))
A = a random vector drawn from some underlying
population with a probability den51ty
function p(i).
£ = a mapping from decision space to state space.

Given this state trajectory and the underlying structure of
financial rewards and costs associated with schooling and
working, a set of monetary flows over time is derived for the

individual. These flows are summarized in a matrix SS(t;6)

where:

i

SS (t;0) m(S(t:6),8)

ﬁ a functional representation of the accounting

and policy rules, income distributions and
direct costs which combine to produce
financial flows given an individual's state
trajectory and the government policy.¥

Each row of SS represents the flows for a given time period t.
One may also compute pfesent values for the varioﬁs cost and
benefit streams (columns of SS) and it is conceivable to relate
the resulting vgctor of present values V(e),vto the individual's

utility function U.

t

This process can be diagrammatically summarized as

below:

| /; K(t;0)

g > 3¢ (tse)\\ —f§S(t:8) —TL-}SS(t:@) + V(8)
D(t;8)

T

A V u(e)

% This rule is actually stochastic as well but for the purposes
of the argument which follows we shall treat it as being
deterministic.
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A number of simplified ekampies have dealtbwith

versions of this individual decision ?roblem in determiﬁing
the optimél'length of ehrolment oryexteht oprarficipation

in educational activity as opposed ﬁo the labour force. See,

for éxample, sp;shinski [ 1, Ben-Porath f 1, or Zionts

and Southwick [ 1], as well as the work of Vern Henderson [ '],
surveying this literature and'rélated papers on rates of return
lin education. In fact, however, even such simplified treatments
dealing with a single individual become guite complex at the'
level of rigorous theory; for the purpose of génerating a whole
sample of records reflecting such individual decisions, we

adopt a statistical description»derived from data on participatiqn‘
in education or labour force activities. The next section

describes the résulting individual record.
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IITI. The Resﬁlting Longitudinal Record

From thé iﬁdividual décision proéess as outlined
above there results a record of'participatién in educational
or labour force activities, and of.family'bharacteristics.
This record is in the form of a matrix S, each fow of which
- corresponds to one yéaf (or age), and each column of which
corresponds fo one component of the so-called status vector
S(t) describing the demographic state of thé individual at
any time. Figure 2 and the attached status codes display this
record, together with the fixed vector So.fecording certain
individual characteristics - such as sex or place of birth -
which do not vary with time. One such record must be generated

for each individual in a desired sample.
Figure 2 - status codes and sample of S

Given the individual record S(t) - and initial
characteristics Sy - it becomes possible to impute appropriate
cost, income, and tax flows for each year. That-is, knowing
the educational activity in which the individual is involved
in one year, educational costs, tuifion fees, foregone income,
and taxes can be estimated. Knowing the age, educational
attainment, and labour force status of the individual in later
years, incomes and taxes can again be estimated. Thus, associated

with the record S(t) in any year is a further record SS(t)
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“
representing corresponding financial flows in the same year.
The history S over all relevant years of thé individual's
life then yields the necessary record of demographic and
labour force charactéristics, while the history SS over the
same period records relevant financial flows. These flows can
be analyzed in various conventional waysito-reveal reali;ed
rates of return, or the distribution of present values of

benefits and costs among participating agents, as described

in Cohen's manual on the deterministic model.

The next task is to generate a representative sample

of such records, as described in the next.section.
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IV: The Simulation Model
)
Analysis of the social decision problem must be made

in the context of the rational behaviour Qf'individuals. Our
particular view of rationality refers to the family of state
trajectories arrived at by the population of individuals as
they each solve their individual optimization problem (I).
Ideally, one would prefer to analyze the wvarious poiicy options
¢ by solving the optimization problem for each individual for
every 6 € &. The techniques for such a -calculation are clearly
notvavailable for any but thekmost simplified of models and |
thus alternative methods must be considered. The approach
chosen in this study was that of Monte Carlo simulation.
Consequently, analysis of the policy spacé ¢ must be preceded
by a discussion of thg simulation model used to generate a

sample of state trajectories Si(t;e).

‘That“is to say, the individual records described
above, while generated in principle from each individual's
rational decisions in pursuing his own goals, cannot be so
tieated for our analytiéal purposes. VInstead, the sample of
individual reco#ds is obtained by substituting for explicit
'optimization a statistical description of observed outcomes
from past collections of individual decisions, and deriving
individual records by simulating the resulting ttansition

processes.

The simulation procedure is thus based on thevfollowingA
regularity hypothesis:

HI: Observed behaviour of a population's education,
occupation and demographic behaviour constitutes a basis for
computing the underlying joint distribution associated with Si(t;e).

Wecontiallyvy wa ave aeavina that known data are sufficient to
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identify the undeﬁlying transition structure of the system. In
prihciple at least this point of view does not restrict the

consideration of future policy as an instrument for changing

the underlying structure.

The requirements for the simulation model are thus
nothing less than the joint probability distribution desciibing
the set of all possible state trajectorieé Sft;@) for all
classes of individuals.* Upbn aggrégating ovér these
tréjectories, one can reconstruct thé démographic, educational

and occupational data describing the flow of individuals.

-The aggregation of individual financial flows can
aisokbe achieved under the simulation proéedure. The resulting
flows from this computation could lead both to funding
_requireménts and the distribution of financial costs and
benefits under policy 6. Thus a rather detailed analysis of
the policy space ¢ is possible and one could consider the
possibility of constructing a measure of social welfare by
applying soﬁe crude social indicators to the simulation output.
In this way, the second level of our policy problem, the.social

‘decision level, 'can be considered.

The remainder of this chapter will be devoted to a
rather brief description of the simulation model as implemented.
Details df program sfructure are dealt with in Appendix B and
‘the problems of estimating the required joint probability

distributions are considered in some depth in Appendix C.

The application of a simulation procedure leads in

essence to a probabilistic description of the education/occupation

* In reality each individual forms his own class but then we
are back to the beginning with a stochastic description of
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' V.
system. Thus theflow of students through training institutions
and labour force activities can be viewed as being described as

a stochastic process. In this study the‘particular case of a

Markov chain model was constructed.
Consider the following:

L.
t =10 P F M

. . A ,
where X a row vector in R’y n is the number of states

t

in the system and X, represents the distribution of the population

t
over the n states at time t.
P‘} = an n x n transition matrix.
Mt = a row'veCFOr %n R™ which represents
.the distribution over states of net
entrants to the system at time t.
vIn general state, i represents an education/occupational
activity. The population will thus distribute itself over all
possible states in accordance with the structural constraints of
the sYstem as embodied in matrix P. Clearly it is too much to
ekpect that a s%mple matrix will somehow capture the richness of
. exXperience implied by the micro—model of Chapter II. We will"

demonstrate that, in principle at least, the model can be modified

to encompass most of the complexities previously discussed.

The first question we consider is hoﬁogeneity. We
have previously referred to distributions associated with classes
_of individuals. This implies that transition through the system
is actually conditional on a set of individual characteristics.

These characteristics could include age, sex, race, social class,
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wparental income and so on. Any siﬁplificationsvthat‘bne
introduces in the way of aggregaﬁion over broad individual
classes Qill therefore reflect daté limitations énd not a
deficiency of model structure. Notationally our Markov

process has become:

i i i i
= . S
St Xt—l P Mt
where i refers to the i ith class of ‘individuals.

We are thus aésuming that individuals do not changé
classes over time. This implies that our notion of class is
associated with initial characteristics received either at
birth or previous to entry into the system. If one wiéhes to
relax this assumption,lihis "merely" implies an extension of
the state space; Thus presence in grade 9 for a type jJ
individual will correspond to a different state than that
associated with presence in grade 9 for a type k individual

and a single extended transition matrix will be sufficient.

A further complication is that of time dependence.‘
One may postulate that the underlying structure of the system,
is changing and thus the transition matrix itself becomes a
function of time. ‘This iﬁplies the folléwing notation:

1
e topc B(E) o+ oMy
A final complication has often been referred to as
the "policy feedback" problem. If a government agency
implements some policy 6 which, for example, affects the post-

secondary_education fee structure, then it is plausible to
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believe that'soﬁe of the transition probabilities will chanéé.
For example, lowefing fees may increase the conditional
probability of going from grade_l3 to univérsity."Alternativély,
raising fees may lower that probability and increase the
probability of dropping out of‘grade 12 to the laboﬁr force.

In addition, it is donceivable that rigid control may be

enacted to keep enrolments (net entrants Mi)-on some specified

trajectory.

Thus the Markov Chain model of the education/occupation
system becomes:

Xt = xt

i
£ g P(t;0) + Mt(B)

It is also clear that both policy and the resulting
state distribution may interact with the pficing mechanisms
employed in allocating financial flows. Thus an external macro-
modél could interact witﬁ the system and could possibly affect
the underlYing structure. This would imply a dependence of the
transition matrix P(t;®) on variables 6ther than time t and
policy O, for example upon unemployment rates. (For some evidence

on the strength of such dependence, see Crean [ .

Inevitably, the model as implementea_iﬁ'this study was
considerably less comprehensive. Complications of time dependence,
policy feedback and reactions to pricing mechanisms were all laid
aside. Consequently, a familf'of transition matrices conditional
on a variety of demographic characteristics was used in the
simulation program. This program effeétively sampléd the Markov

chain once each year for each individual. 1In this way, the
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required collection of state trajectories was generated. From
these, a corresponding sample of financial flow statements,

one for each individual, is also obtained.

rFor the deterministic (individual) model, it is this
individual demographic record apd associated financial‘history
that serves as the basic unit of analysis, and even4in the
overall médel some individual data are of interest for
distributional questions. Accordingly, certain summary measures
of’the present value of individual benefits and coéts are
computed, and entered as individual observations into the
tabulations for histograms to be printed at the end of the
computation. We treat the individual records, in other words,

as providing observations on a class of random variables, whose

empirical distributions are tabulated as the computation proceeds.

Once these observations are recorded, there remains
no further need for detailed individual records; the financial
history is aggregated with those of the érevious individuals
drawn from the same cohort, thus yielding, in the end, a summary
financial history of the same form as ﬁhe individual, but showing,
for each year, the flows aggregated over all members of the
particular cohort.v These records, one for each cohort, are

stored for later processing (Block 23).

In this way, the cohort records can serve as input to

report generators in any form desired. For the present model,-

.
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Vsuch'furfher processing takes the form simply of aggregating
acrésé all cohorts (Elock 24)7td obtain‘total financial flows

in each yeaf of the simulation period, and organizing some of
these into a sources-and-uses-of-funds statemeanfor the
hypothetical student financial assistance fund under study

in the illustrative applicatidn. Other reports suitable for
différenf transfer schemes can easiiy be desighéd and tﬁe
necessary .program blocks appended to the existiﬁg code following

{(or in place of) Block 25,

These observations conclude the description of the
program structure as such; the remaining sections remark upon

. possible additional features or applications.

3
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V. Adjustment Mechanisms: The Feedback Structure.

To the e#tent that the input data - fransition

" probabilities, retention rates, and the like .- rémain fixed
despite policy changes, the above program will generate
essentially unchanged population samples (up to sampling
fluctvations) in every run. It is for this reason that
provision‘is made to record the demographic records on tape
simply as a hypothetical longitudinal sample, which can be
used as input to any of a number of programs computing the
results of various transfer programs operating on the unchanged
sample. To identify distinguishing features of different
programs, indeed, it is a greatvconvenience td be able to
eliminate sampling fluctuétions in this way. (Tﬁis advantage
of being able to replicaﬁe "random" éequences is frequently
cited in the literature on pseudo-random number generators.)
There are no more dréwbacks in this procedure than there would
be in working with any tapé of individual records drawn from

survey data or tax returns, for example.

But for estimating the consequences of policy changes,
there are significant drawbacks to this procedure - it overlooks
two key classes ofladjustment mechanisms at work in any economic
system. In the first place, even without any conscious policy
changes, the system may operate to chénge'the data relevant to

individual decisions, and thus induce changes in behaviour. 1In


http:indeed,.it
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the education exampie,”for insténce, continuing flows of
individuals‘through~post—secondary institutibns musﬁ'increase
the relative stock of skilled labour, and presumably bring
about some erosion of relative ihcomés.k This-reductién in
éxpected returns may be‘expected,‘of itself, to cause some
individuals to reconsider decisions to continue educational
activity. Thus the system generates the machinery to shut
itself down where necessary, or expand floﬁs where scarcities
are signalled by high rewérds. The lags are.long and uncertain,
of course, and the linkages sometimes very tenuous, but it

would be gross error to ignore this machinery altogether.

More directly, policy shifts may operate directly
to alter individual decisions, for example by offering financial
assistance to those who might otherwise not continue their
education. These impacts upon individual decisions will show
up in our model as altered transition data, and hence. as

altered flows through various institutions.

Both types of alteration in the nature of the choice
- faced by the individual - because conditions have altered
either through the self-adjusting mechanisms of the.economy,

or through discretionary policy changes - will be expected to
affect the number of individuals_choosihg particular options,
and hence the composition of the overall population. Thus the
assumption of an unchanged underlying population sample becomes

untenable in principle.
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Unfortunately, there is almost n§ eﬁidenée to permit
specification of alternatives. The model permits adjustment
of retention rates and all other transition data or probabilities
once the policy specification is complete; these adjustments
Arepresent an aggregation of the adjustments in individual
behaviour predicted from the solution of the individual decision
’model described earlier. But in fact the-elasticities of
retenﬁion rates, participation decisions, marriage probabilities,
or other individuél educational, demographic, or labour force

- decisions are not known.

Similarly; the moael permits changes in transitionkdata
to be used to estimate expected chénges in total flows through
ihstitutions, and these in turn to determine changes in cost or
income data. But, again, the elasticities of unit costs or
'expeéted incomes with respect to enrolments or manpower supplies

are largely unknown as well.

Thus the model structure adﬁits the possibility of én
adjustment mechanism feeding back from policy shifts or changing
circumstances to the demographic system or the actual sample
generated, but no data are available to implement any such
scheme. Should data become available, the program logic will
be implemented; in the interim, some crude tests of sensitivity

to changes in transition or activity data will be carried out.
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VI ' Tabulation of Demographic Data and Links to

Aggregate Projections

As indicated above, the demographic computation$

employed in the overall simulation structure form a self-

contained model which is of interest in its own right. This

|

model generates demoéraphic histories for a sample of indi-

viduals drawn according to specified sampling weights from

prescribed cohorts. _The resulting longitudinal records can

be tabulated in threé alternative modes.

(a)

(b)

(c)

{
Selectéd char%cteristics may be recorded from
each individugl‘history and written on an
input file in the standard format required for
input to programs for further statistical pro-
cessing. In particular, this data array can
be used as.in;ut to the SPSS (Statistical

Package for Sbcial Sciences) program for either

statistical dhalysis or cross-tabulations.

The entire fgle of panel data can be written,
in compresseé form, to a magnetic tape for later
input to simulation programs, or to specially-

written progfams'for further statistical analysis.

The distribution of individual by age, adtivity,

or income can be tabulated for specified years,
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to provide output arrays in a form which can
eésily be checked against Crossésection data
sources or distributions obtained fromkaggre-

gate projections. )

VII Concluding comments

‘Evidently a model of this kind is never finished, and
indeed the present veréion is in no sense tested or validatéd
even to a first level of accuracy. If evaluation tests
through‘the summer (1972) proceed well, the ability of the
model to generate a sample of :ecords which will be "repre-
sentative" in the sense of reproducing ﬁhe distributions
associated with given initial ¢ross—section data and with - .
aggregate projections will be verified. Similarly the ability
of the model to assign financial flows to these individuals
' records in a manner consistent with available cross-section
data and aggregate tabulations of flows—of?funds information,
will be tested. These tests, together with final checks on
program logic, will provide some assurance that the basic
model structure is sound and that the demographic character-

istics of the sample population are acceptable.

The immediate use for the model will then be in
analysis of possible distributional impacté of ‘alternative
schemes for federal support of post-secondary students. For

this purpose the aggregate outputs of the model in generating
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projections of financial flows and crude enrolment levels

will als6 be of interest.

More general applications are intended in study of
social security programs and possible economic circumstaﬁces
of the aged in the future, and in the overall balance of
federal tax and transfer programs in affecting the peréonal
distribution of income. This role of the model in integrating
available data into a cbnsistent overall framework for
evaluating of the distributional impacts of government pro-
grams (aiong with some aggregate projections for checking
against alternative sources of data) should make it a useful
element in a kit of fobls for longer-~range planning. Further

use of the model structure in such applications will be

reported in the future.
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