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ABSTRACT

The Evaluation of Government Transfer Programs:
A Simulation Analysis

BY: -
A.R. Dobell, ~ M.A. Cohen, Analyst,
Director, Planning Branch,
Quantitative Analysis Course . Treasury Board Secretariat,
Room 307 : Room 433, Confederation Bldg.,
2211 Riverside Drive, 4 Ottawa, Ontario,
Ottawa, Ontario, ' K1A OR5 Canada.
K1H 7X5 Canada. (613) - 996-4270

(613) - 996-7076

This paper presents an approach to the evaluation
of government transfer programs based on a simulation of the
individual deCisiSn process. Individuals interact with the
sogio—economic ehvironment by making demographic and career
deéisions.— state trajéctories and an associated net present
value of financial flows for each individual result. These
present values can be considered to be the output of a
stochastic system and are conditioned on both the government
transfer policy and the individual decision profile. The
simulation program to generate a representative sample of
state trajectories and criteria for policy evaluation based

on the resulting present value distribution are discussed.

For consideration as part of the Session on
Simulation (Methodology Section) or on Canadian Government

Applications (Government Section).
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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 financing polieies. This
_structure, itself forming only part of a more extensive
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work on demographic models at approximately the sameé}ével of
aggregatgon was undertaken at the Instltute, as des7 ibed in _
a methodoioglcal report by Leroy O. Stone [2]. A ?roposal by
Dobell for 1ntegratlon of this demographic work wf%h the CORSAP
program and further computer programs descrlblng other transfer
schemes in order to assess regional impacts has not so far been

/

implemented, but remains feasible and is beigg pursued.

;‘"

In the meanﬁlme, related analytroal work has been
developed at the level ofaindividual records, with a pilot
project undertaken by Dobell and Cohen.ih the summer of 1970,

as described in the MCSSAP'manuals [3]& together with related
work undertaken by Professor G C.A. Cook and outlined in her
reports [6] to the Planning Branch of the Treasury Board
Secretariat, formlng the startlng pomnt This work in turn

was split into three parts for ﬁurtherkdevelopment within the
Quantitative Analysis Course oyer the past year. The first of
these sub-projects was the coﬁstruction of a computer prOgram
evaluating the impact of Various education financing proposalsk
upon an individual with a §§eoified life-history; this program
is described in Cohen's Qﬁantitative Analysis Course project
report [4]. The secondgéart, the creation of a computer program
capable of generatingxé representative sample of such life

histories, was carriéﬁ out through the Institute for Policy

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




Dobell, §h§ Stone [5]ﬂ The third distinct ac?ivity, the creation
of a new Méﬁpe'Carlé simulation program for»ﬁgalysis of education
financing schemes, integrating the two previéus components, is
ouélinéd in théamanual MCSSAP II cited earlier [3], which forms

a companion to the present document, and a sequel to the MCSSAP

manual. Finally, the overall logic and program structure is

sketched in the present document.

Thus, cbnsiderihg only the analysis of proposals for
education financing schehes, one may view the program structure
as having three levels, within which full integration has not yet
been achieved. At the first level is the deterministic model,
which takes .cost, incoﬁe, and tax data as given, accepts the
description of a single life history and the specification of
a proposed policy, and computes the resulting transfers between
the individual, the financing scheme, and some overall government
budget. At the second level, the description of individual life
histories is suppressed and‘thé MCSSAP 11 program generates from
estimated transition data a representative sample of such
lOngitudinal records (or‘life~histories), computing summary
descriptions of interpersonal transfers and cash flows to or
from the financing fund. In principle, aggregation of this
saﬁple of individual records to thé aggrégate categories employed
by the regional population projection model and by CORSAP would

yield the population, enrolment, and employment projections
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necessary for projections of cohort'rafes of/égturn and aggregate
cash requirements for fhe financing fund. ﬁgtegration to this
extent has not yet been attempted but wil%{ in principle, provide
a valuable check updn the consiétency off%he MCSSAP II results.
More general use of this proéram structure is also
feasible, however. Considering theﬁfequirements for analysis
of some uﬁspecified transfer prograﬁ, one sees that all the
machinery is available in this general structure except the
detailed description of the rules for operation of the specific
scheme under study. Provided these ;equire no more detailed
information than the status codes contained in the existing
demographic records, this detailed description.qan be expressed
. in a single subroutine inserted into the overall simulation
structure. This structure can then be used to generate the same
sort of summary informétion on redistributional effects and total
cash flows as was developed for the transfer schemes dealing with

education financing. In particular, standard flow of funds tables

can be constructed to display intersectoral transactions.

. Finally, this®*program structure can be employed
independently of any analysis of transfer schemés, simply fdr
the assembly and verification of demographic aata; Since‘the
simulation model generateswa”sahple of individual records

purporting to be represenig:isws-0f the current Canadian population,

H



it is crucial that the distribution vavariéus‘characteristics
within the artificially‘generated sample be chécked‘for consistency
with available data on the distfibution of these characteristics
within the populatidn as a whole. The program therefore makes
provision for output of sample observations suitable fof cross-—
tabulation, and thﬁs can, in principle, be employed for generating
synthetically a body of longitudinal demographic data linking in

a consistént way available cross-section data drawn from diverse

sources.

In concluding this outline of where this work now stands,
it must be emphasized thafAno validation of thé demographic sample
has yet been completed;, ExtensiVe work on thig task is being
undertaken at the preSént time; until it is finished, all of
this model structur§ must be considered untested, and no guarantees
or undertakings whétevér.can be made as to the accuracy of the
data base or thgfestimates derived. While the authors are willing -
to cooperate ig use of the program or in adaptation to other uses,
no distribu?ion of the program or results' is anticipated before

September,/l973.



INTRODUCTION

g e

This deeument presents.an overview of work on an
analytical framework and a set of‘computer programs designed
to assist in analysis of distributional impacts of government
transfer programs or other schemes for financial assistance
to individuals. The approach follows the lead of Orcptqgii
‘his pioneering work on microsimulation models, but with some
difference in emphasis and therefore in analyticai and
computational structure. Specifically, the primary concern
in the present work is with the impact of proposed programs
on thé distribution of lifetime costs and benefits over
individuals and groups. This emphasis dictates an analytical
structure which focuses on the life-cycle or financial life-
history .of individuals at the expense of detail on the composition

of a whole population at any one time. For this reason, our

computational work is organized differently from Orcutt's models

1 ‘ 7

(for example in the analysis with the Urban Institute) and »j&qn»

indeed the computational requirements in the present work are

of a lower order of complexity.

The immediate stimulus for this work was the need to
estimate the impact of policies respecting the provision of
financial aid to students in post-secondary education. Existing
work on cost/benefit analyéis‘or rates of return to investment
in education, and also odr own earlier work on an aggregate

model of contingent repayment schemes for financial assistance
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to students/l(later repeated with minor modifications by Dresch
and Goldbergﬁiﬁ the U.S.) is inadequate to meet this need,
precisely because it fails to account for important redistributional
impacts arising from changes in financing arrangements. The
present modél does provide a basis for estimating the impact
effect of changés’in the rules of operation of existing or
proposed transfer programs. What it does not capture, except

as discussed ‘below, ié the subsequent.responée of the system -
and in particular the altered composition of the population -
through various adjustment mechanisms. This 1iﬁitation is, of
course, most serious: the purpose of many programs is not simply
to transfer incomes, but also to affect behaviour thereby.
Unfortunately, the empirical understanding required for an
adequate modelling of the overall system response is'simply

lacking.

The discussion is organized as follows. In the next
section, the standard approach of microeconomic theory leads té
description of the decision problem for an individual facing
fixed income and cost data and attempting to develop decisions
as to participation in various economic activities (as, for
example, enrolment at post-secondary educational institutions)
or other decisions on demographic matters. The result of the :
individual's conscious or unconscious decision process is a
determinate life-history -of economic activity, associated with
an identified demographic record.. Taken together, all such
records provide us with the life-histories of a ‘representative

population, or a longitudinal sample of panel data.



When the individual's demographic history and record
of ecoﬁémic activity are known, appropriate inéome and cost data
can be-éStimated (indeed, the estimates of these presuﬁably were
the determinants of the individual decision}), énd thus other
financial flows can be compuﬁed from known rulesﬂof operation for ~
-any selected government transfer programs.: In Section III the

individual record of -economic activity, and the hlstory of the

M«g«.ff{ﬁ‘ MW

associated financial flows, are descrlbeg% ‘These records

constitute the basic unit of analysis for later work.

In Section IV it is observed that in fact, despite
substantial theoretical work in control-theoretic models of
the individﬁal's optimizing decision,'the empirical knowledge
necessary to generate the required population sample from this
starting point is not available. Therefore we generate our
population sample from a simple transition model which we expect
will prove rich enough to enable us to construct a synthetic
longitudinal sample agreeing well enough with the observed

characteristics of the Canadian pépulation in all crucial respects.

When one abandons the explici£ representation of the
individual decision, howewver, he also loses the adjustment
mechanism by which the system regulates itself in responsé fo
changing balances or changing policies.. Section V describes a
Jcrude procedure by which some estimates of the important
adjustments in the underlying population and iﬁ_the,data of the

model may be recaptured,




Finally, Section VI outlines the links from outputs of
this model to other aggregate projections or estimates. AA Lonk

appendix provides a brief overview of the model structure.

y Thus, to reiterate, the present work stands in the
gap - which it cannot yet claim to bridge - between the theorist
followiné‘microeconomic lines, studying the determinants of
individual decisions on the assumption tﬁat relevant price or
cost data ére unaffected by theée decisions, and the macro-
fheorist concerned to know how these data change so as to alter
or shut off the flow of individuals in various directions in
response to changing circumstances in the aggregate economy.
Though it will not ansﬁer all the gquestions in- this area, the
. ﬁodel should enable us to synthesize much of the work at different
levels of aggregation, and certainly should teach us something
about the balance between allocative efficiency and equity or
redistribution considerations in the evaluation of government

transfer programs.
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II. The Individual Decision Problem
;h#w>Amdub
A ﬁn analytlc model wee»de51gned to examine individual
fe concidered
training and employment dec151on§? These decisions are

;eflected in an individual's garticipation in the va%&xmﬁrcnﬂuigy oF
/Ieducational and occupational activitieg. In reality, this

participation is conditioned byAvarious stochastic elements

not under the control of the individual. A further condifioning

is provided for by the transfer policy setAby the résponsible

government agency. One could treat such a policy as a set of

: C where the qouerament e vrewerd as e wn+ra{ier)

control parametersﬂand thus the resulting individual decisions

can be thought of as being-élements‘of an optimal decision

path arrived at by the individual in response to these parameters

and the social and economic environments. Thus optimality is

with respect to some'as—yet~undetermined utility function and

subject to the structural constraints of the social and economic

system and the policy constraints set by government. This section

will attempt to make this decision process more precise with the

aid of some simple notation.

Let us begin with some government policy, represented
by a vector of parameters 6 from some underlying set* of
policies @ and a given vector of prices E which summarizes in :
part the social and economic background. Each indiyidual will
make a set of decisions, over time, §(t;6,E) (from /a{%et of 'fﬂaaf'/czé/c,’/

(feasiblé)decisions Aef—Ps) which constitute a rational reaction

to this policy. This decision path can be partitioned

* For example, the set of rules needed to specify a post-
secondary education finance policy. Thus a range of
possible advance terms and repayment terms is implied
for the specific case of student assistance schemes.
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into a set of "demographic

decisions” ~Bft=A5EF, and a set of "activity decisions" ¢ -FrEFesEyr:

e

Bl ) referg to the sequence of choices associated with
d‘fﬁ a{j-um’&z clﬁ.uw\«h
marrlage,‘fertlllty, migration, etc., while Eiﬁ#ﬁ;ﬂ#‘refegg

téﬁgZEisions concernzzgfzgtcational and occupational activities.
Upon conditioningl by stochastic elements, such as mortality,
income.mobility and success in school, a state history or
trajectory for the individual results. This history is summarized
at each time period t by a veetor S(t;9,E) whose i'th component

represents the value in year t of the i'th characteristic for

he individual. rize-then;

6(7‘6 +E)
S,(t e//
fe (8 E) /

-

a Vector’of raﬁ&ep dlsturbhncezzéims

, whdse underlylng pProbability deAsity
f//’ functich is condltldnal/bn both the
e policy environment (e) ‘and the price

' environmént (P)-
r

% Given the state trajectory and the underlying structure of

financial rewards and costs associated specifically with
schooling and working, it is possible to derive, for the
individual, a set of monetary flows over time. These flows

are summarized in a matrix SS(t;G,}6 where:

£

This conditioning provess refers to the uncertain influence
decisions can make oOn msultant state histories. The
effect of decisionsui:~uunventrated in their alteration of
certain probabilitizs iy, in effect, making the probability
of a trajectory condis ..2-'on a decision and thus ultimately
on a policy. » - '
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]

8S(t:6,E) T(S(t:0,8),0)

where 7 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, prices and the government policy.#

Each row of 8S represents the flows for a given time period t.
One may also compute present values for thé various‘cost and
benefit streams (columns of SS) and it is conceivable to relate
the resulting vector of present values v(8), to the individual's

utility function U.

This process can be diagrammatically summarized as

below:

v
—> S(t;P,E) — SS(£;6,E) » V(9,E)

‘ ‘?ﬁéj:??f% ‘
,V,‘ e @; I:.LE:‘)'/i .@%ﬁﬁiwﬁ« i
- Stochastic U (6,E)

conditlening

5 > & (t;0,E)

-gk}«"’u ’ W -] S"é 56
] pfwe.eo E.
Thus, in effect, we are saying that&g%yen policy 84 J

O(B> E) Fon gacls omciomdmn
there is some utility %83 which results. t#fmngh some rational
decision process. Clearly rationality implies some concept of

utility (or expected utility) maximization. Thus the individual

decision problem becomes one of finding the optimal decision

path 8% (£;6,E), Wy

1s This rule, is .actually stochastlc as well but for the purposes

272 K088 |C:

of the awsssss which follows .we shall treat it as being
deterministic.
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subject to the social and economic structural constraints under

some policy and price environment.

‘A number of simplified examples have dealt with versions
of this individual decision problem in determining the optimal
length of enrolment or extent of participation in educational
activity as opposed to the 1a§our force. See, for example,
Sheshinski [ 1, Ben-Porath [ 1, of %zionts and Southwick [ 1.
In fact, however, even such simplified treatments dealing with'

a singlé individual become quite complex at the level of rigorous
theory and thus for the purpose of generating a whole sample of
records reflecting such individual decisions, we adopt a
statistical description derived from data on participation in
education or labour force activities. The next section describes

the resulting individual record.
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ITT. The Resulting Longitudinal Record

_ From the individual decision process as/outllned above
there resu@tg a record of participation 1n educatlonal or labour
force act1§}t1es, and of family characterlst}cs. This record
is in the form'of a matrix S, eaéh row of wﬁich corresponds to
one year (or age) N\ and each column of whlch corresponds to one

component of the so-t¢alled status vector S(t) describing the

demographic state of the 1nd1v1du§l at any time. Figure 2 and
the attached status codes fﬁigqré 3) display this record, to-
gether‘with the fixed\vector,§g\z%cording certain individual
characteristics - such ésjééx or\place of birth - which do not

. vary with time. One sqcﬂ record must be generated for each

™,

individual in a desiréd sample. \\\\\

\
The record -illustrated in Figure B\Sould represent the

" state trajectorg‘of a typical college graduate~w&th rather
standard be?av1our patterns.‘ The educatlonal/occ\patlonal
history i§fdisplayed in the vector K(T) and the sp;\\éx§
actiﬁitj/is aisplayed in KS(T}. Region is indicated by H(T)

am | 0P s .,
Given t#fe individual record 8(t) —and—inttial

<haraeteristics—S57— it becomes possible to impute aapropriate
v e
cost, income, and tax f&;aws for each year. That is ,\knows_-ng- -@7 QXaapi"?

the educational activity in Wthh the individual 1is 1nvolved in

one year, educatlonal costs, tuition fees, foregone income, and
appropriate  fo Hat MMI ‘a

taxes > e e e e, educational attalnment,
lan b€ es«onn ed. , P.s{-edeca'ft@nﬂ
: ~ ‘,-;‘“gwm~:~A 5 n late‘Ayears, incomes
(‘-ﬁpnpm?c ,43 m wolirplusl s Lubosn Free Slapi ) L4
and taxegﬂcan again b uuﬁclmatmw " Thus, associated with the Satvs

record S(t) .in any year is a further record 88 (t) representing
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corresponding financial flows in the same year. The histdry

S over all relevant years of the individual's life then yields
the necessary record of demographic and labour force character-
istics, while the history SS over the same period records
relevant financial flows. These flows can be analyzed in
various conﬁentional ways to reveal realized rates of return,
or the distribution of present values of benefits and costs

among participating agents, as described in a béckground manual

- by Cohen [4] on j%@ deterministic modeldvﬁ;aﬁ Gmhdhd/ jesede “£%§@
&
haderrins maﬁ é’fﬁ‘fﬁ mw .

The next task is to generate a representatlve sample of

-

such records, as described in the next section.

IVv. The Simulation Model

,Analysis of the social decision ?roblem must be made
in fhe context of the ratiénal behaviour of individuals. Our
pa:ticular view 6f‘rationality refers to the family of state
trajectories arrived at 5y the popﬁlation of individuals as
they each solve their ifidividual optlmlzatlon problen?iﬁﬁx aﬂtlwhdzz'
Ideally, one would prefer to analyze the varlous policy options
o by solving the optimization problem for each 1nd1v1dual for

in 100 paliy CoX

every 0 e=6~ The techn;queb “for such a calculatlon are clearly

not available for any hﬂmmthtummst simplified of models and

thus alternatlve metho@s'musb be . ton31dered * The approach chosen

faal

in this study was that of.monte Garlo simulation. Consegquently,

* See page 1l%a.
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* There is the point of view that states people are in fact not
rational in this way, rather than being logical people are in
fact systematic in their response to such stimuli. Thus the
individual decision model has little predictive power and
indeed observed behaviour forms a better basis for our purposes.
It will be clear that observed behaviour at present forms the
only basis (given the current state of data availability) for
predicting the behavioural response to the type of policies
under consideration and consequently the debate over ratlonallty
vs. systematic response is vacuous.
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- analysis of the policy space émust be preceded by a dis-
‘cussion of the simulation model used to generate a sample of

statg trajectories S%(t)‘b,

‘That is to say,vthe individualirecords éescribed
above, while geﬁerated inlprinciple from each individual's
rétionél decisions in pursuing hisAown goals, cannot be so
treated for our analytical purposes. Instead, the sample of
individual records is obtained by substituting for explicit
=optimization a statistical description of observed outcome§from
past collectiohs of indiviaual decions, and deriving individual

records by simulating the resulting transition processes.

The simulation procedure is thus based on the hypothesis

that observed behaviour of a population's education, occupation
and demographic behaviour constitutes a basis for estimating a

- joint distribution (transition matrix) associated with Sg(t)ééy
Essentially, we are saying that known daté can be used to identify
a possible uﬁderlying transition structure consistent with observed
behaviour for the syste;. Tu principle at least this point of view
does not imply that future policy could not be an instrument for

changing the underlying sﬁructdre.

The requiremen’s=for the simulation model are thus

nothing less than the jointﬁprubability distribution describing
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the set of all possible state trajectories.s(t)db for all
classes of individuals.® Upon aggregating over these trajec-
tories, one can reconstruct the demographic, educational and

occupational data describing the flow of individuals.

The aggregation of individual financial flows can
also be achieved under the simulation procedure. The resulting
flows from this compuﬁation‘could lead both to funding require-
ments and the distribution of'financial costs and benefits under 7
policy 6. Thus a rather detailed analyéis of the policy space 0
is possible and one could consider the possibility of construct- |
iﬁg a measure of social welfare by applying some crude social
indicators to the éimulation oﬁtput. In this way, the second level
of our policy problem, the social decision level, can be considered.

’ b Ca‘f’-f.b /}
The remainder of this ehapter will be devoted to a rather

brief description of the simulation model as implemented. Details
of program structure are dealt with in AppendiXJf and the pro-
blems of estimating the required joint probability distributions
associated Paper
are considered in some depth in an aeeempany;ng background  gisee

by Dobell, Cohen & Stone[: ].

The application of a simulation procedure leads in

essence to a probabilistic description of the education/occupation

i

4 Tn reality each individual forms his own class but then Vg, 2

" back to the beginning with a stochastic description of&opt T —
zation problem %.

)
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system. Thus the flow of students thfough,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:

= . +
Xy Rp-1s PP M
where Xt - a row vector in Rn; n is the number of states
in the system and Xf represents the distribution of the population
over the n states at time t.
P = an n X n transition matrix.
Mt = a row vector in R™ which represents

the distribution over states of net

entrants to the system at time t.

In generél, a state represents an education/occupational
activity. The populafion wiil 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
expect that a simple matrix will somehow capture the richness of
experience implied by the micro-model of Chapter II. We will
demonstrate that, in'piin@iplevat least, the model can be modifiéd

to encompass most of the complexities previouély discussed.

The first quession we consider is homogeneity. We
have previously referredi=tx~Jistributions associated with classes
of individuals. Thisﬁ&m@ﬁiﬁslfhat transition through the system
is actually conditioﬁ%@?mn?a get of individual characteristics.

These characteristics vould include age, sex, race, social class,
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parental income and so on. Any simplifications that one

introduces in the 'way of aggregation over broad individual

[

classes will therefore reflect data limitations and not a

where -1 refers to the i class of individuals.

We are thus assuming that individuals do not change
classes over time. This implies that our'notioﬁ of class is
associated with initial characteristics received either at
birth or previous to entry into the system. If one wishes to
relax this assumptioﬁ,'this "merely" implies an exﬁension of
‘the state spaée. Thus presence in grade 9 for a-type i
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 implies the—foi&cwmng—notatnmr' fdﬂj xﬁélz

g P o skt | dppolond gn Ve crd
Virnsideors xtixt_l.w

stodd o reformed = Yo b PiCe> .

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 plau51ble to

L4 see page 23a.
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This of course is not to deny that the model is in principle
restrictive but simply to suggest that it can be extended to
accommodate existing data. '

A further issue related to time dependency in a Markov system
has to do with "memory". That is, it is conceivable that the
current state is not sufficient to specify the probability
distribution for possible destination states in the next period
but rather information on a number (if not all) previous states
is required. The standard approach to dealing with this problem
is to once again extend the state space so thdt state S(t) could
représent a particular history of previous states and the current
state (in the o0ld state space). '
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believe that some of the transition probabilities will change.
:qu example, lowering fees“may'increase the conditional
probability of going from §fadeMl3“to uﬁiversity.: Alternatively,
raising fees may lower that probability and increase the |
probability of dropping out of grade 12 to the labour force.

In addition, it is conceivable that rigid control may be

enacted to keep enrolments (net entrants j%% on some specified

trajectory.

a cma¢nﬂﬁn%d;“

Thus §hé.Markov Chaln model of the educatlon/occupatlon

system becemess. covndd neluste QW‘{”’Z/QQ - s
y P o

% L N i/ t
coh dhporated O et Feie rciop, Vente ool e oo
It is also clear that both pollcy and the resulting

state distribution may interact with the pricing mechanisms
employed in allocating financial flows. Thus an external macro-
model could interact withvthé-system and could possibly affect
the underlying structure. This would imply a dependenée of the

transition matrix ﬁft;a) on variables other than time t and

policy 9, for.example upon unemployment rates.

Inevitably, the model as implemented in this study was
considerably less comprehensive. ‘Complications of time dependence,
policy feedback and reactiohs to pricing mechanisms were all laid
aside. Consequently, a family of transition matrices conditional
on a variety of demographic characteristiés was used in the
simulation program. This program effectively sampled 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.

For the determinisfic (individual) model, it is this

individual demographic record and associated financial history

- that .serves as the basickunit of analysis, and even in the
overall model some individual data are of interest for
distributional questions. Accordingly, certain summary measures
of the present value of individual benefits and costs are
computed, and entered as individual obsérvations into the
tabulations for histograms to be printed at the end of the
éqmputatibn; 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 previous individuals
drawn from the same cohoit, thus yielding, in the end, a summary
financial history of the same form as the individual, but showiﬁg,
for each year, the.flows aggregated over all members of the
particular cohort. These records,'one for each cohort, are

AL,
stored for later processing{/Block 23 in Figure 1, fﬁ:ba.aescrlbed

Taterys. KL//)/&-/-JM _,z‘;é}

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

report generatorscin any form desired. For the present model,

i 5 4 : J
* R AT E ’eg"“-*iﬁﬁ W“} a C.eu &4(&% -y /; ‘*‘ﬁm "4‘@/{} ‘{: A 4 ‘:: };J@ L Gl
VL“"*”‘* SR uE *‘54 yE 8 3 o \#’—4 b sy :f;, ,f&g ﬂ““‘*f ﬁ,w,«m.‘nd.

QhAdaras dodd RS =4 Va%b' ¢5VH%L£
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such further processing takeg@?2§éifgp simply of aggregating
across all cohorts (Block 246 sgwgbtgzn total financial flows
;n each year of the simulation period, and brganizing some of
these into a sources-and-uses-of-funds statement for the
hypotheticai student financial assistance fund under study

in the illustrative application. Other reports suitable for
different transfer schemes can easily be designed and the

necessary program blocks appended to the existing 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.
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V. Adjustment Mechanisms: The Feedback Structure.

To the extent that the input data - transition
probabilities, retention rates, and the like -‘remain fixed'
despite policy changes, the ébove program will generate
- essentially unchanged population saméles (ﬁp to sampling
fluctuations) inwevery~run. It is fér 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, iﬁdeed, it is a great convehience to be able to
eliminate sampling fluctuations in_this way. (This advantage
of being able to replicate "random" seguences is frequently
cited in the literature on pseudo-random number‘generators.)
There are no more drawbacks in this procedure than there would
be in working with any tape of individual records drawn from

survey data or tax returns, for example.

But for estimating the consequencés of policy changes,
there are significant drawbacks to this procedure - it overlooks
two key classes of adjustment méchénisms-at work in any economic
system. In ﬁhe first place, even without any consciocus policy
changes, the system may operate to change the data relevant to

individual decisions, and thus induce changes in behaviour. In
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the edu?ation exampie, for instance, continuing flows of
individuals through post-secondary institutions must increase
the relative stock of skilled labour, and presumably bring
about some erosion of relative incomes. This reduction in
expected returns may be expected, of itself, to cause some
individuals to reconsider decisions to continue educafional
activity. Thus the system generates the machinery to shut
itself down whereAnecessary, or expand flows where scarcifies
are signalled by high rewards. 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.

xMére 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 cﬁanges.— will be expected to
affect the nﬁmber of individuals choosing particular options,
and hence theAcomposition of the overall population. Thus the
assumption of an unchanged underlying population sample becomes
‘untenable in principle. h

[
e
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Unfortunately, there is almost no evidence 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
represent 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
retention rates, participation decisions, marriage probabilities,
or othef individual educational, demographic, or labour force

decisions are not known.

Similarly, the model permits changes in transition data
to be uéed to estimate expected changes in total flows through
institutions, and these in turn to determine changes in cost or
income data. But, again, the elasticities of unit costs or
expected incomes with~re$pect to enrolments or manpower supplies

are largely unknown as well.

Thus the model structure admits-the possibility of an
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 implementéd; 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 éelf—
contained model which is of interest in its own right. This
model generates demographic histories for a sample of indi-
«viduals.érawn according to specified éampling weighés from
prescribed cohorts. The resulting longitudinal records can

be tabulated in three alternative mbdes.

{a) Selected characteristics may be recorded from
each individual history and written on an
inéut file in the standard format reqhired for
input to pﬁograms for further statistical pro-
cessing. In particular, this data afray can
be used as inpu£ to thevSPSSJ(Statistical

=

Package for Social Sciences? program for either

statistical analysis or cross-tabulations.

{b) The entire file of panel data can be written,
in compressed form’.to a magnetic tape for later
input to simulation programs, or to specially-
written programs for-further statistical analysis.
(c) The distribution ¢i%individual by age, activity,

A AN
e
¥

or income can be #abulated for specified years,
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to provide output arrays in a form which can
easily be checked against cross-section data
sources or distributions obtained from aggre-

gate projections.

VITI Concluding comments

Evidently‘a model of this kind is never finished, and
indeed the preéent version is in no sensé tested or validated
even to a first level of accuracy. If evaluation tests
presently being undertaken proceed well, the ability of the
model to generate a sample of records which will be "repre-
sentative" in the sénse of reproducing the distributions
associated with given initial cross-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 pfévide some assurance that the basic
model structure is sound and that the demographic chéracter—

istics of the sample population are acceptable.

'The immediate use for the model will then be in
analysis of possible distributional impacts 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 "also be of interest.

More general applications are intended in study of
social security programs and possible economic circumstances
of the aged in the future, and in the overall balance of
federal tax and transfer programs in affecﬁing the personal
distribution of income. This role of the;model in integrating
available data into a consistent overall framework for
evaluating of the distributional impacts of government pro-
grams (along with some aggregéte projections for checking
against alternative sources of data) should make it a useful
element in a kit of tools for longer-range planning. Further
'use of the model structure in such applications Qill be

reported in the future.
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Figure 3: STATUS CODES

K(T) - Activity Index:

1 - Grade 9

2 - Grade 10

3 - Grade 11

4 - Grade 12

5 - Grade 13

6 - C.A.A.T.- 1

7 - C.ALA.T. 2

8 - C.A.A.T. 3

8 - Univ. 1
10 - Univ. 2
11 -~ Univ. 3
12 - Univ. 4
13 - Univ. 5
14 ~ Univ. 6
15 - Univ. 7
16 - Univ. B8
17 - Univ. 9

18 - Univ. 10

19 -~ Retraining

20 -~ Employment

21 - Unemployment
22 - Non-Labour-Force

KS(T) - Spouse Activity Index: Same Indices as K(T)
H(T) - Regional Index:
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- State Vector

Constant Characteristics

Sex 1 - Male

2 - Female

- Immlgrant Status 1 - Domestic

|

2 - Immigrant

Province (Region) of Birth 1.........11

Cohort Identifier: - Year of Birth

Sex of Spouse

Time Dependent Characteristics

- Age at (Most Recent) Marriage

- Number of Years of Post-Secondary Schdol

"8(T,3) - Educational Achievement Category

oo~ UTde N

Elementary

Some Secondary

Secondary Graduate

Some Post-Secondary/Non-University
Some Post-Secondary/University
Post—-Sec. Graduate/Non-University
University First Degree (B.A., B.SC.)
University Second Degree (M.A., M.SC.)
University Third Degree (PH.D.)

s(T,4) - Income Profile Category

Sy WNHE

Elementary

Some Secondary
Secondary Graduate
Some Post-Secondary and Post- Secondary/Non—Unlver31ty
University First Degree (B.A., B.SC.) ‘
University &scomil Degree (M.A., M.SC.)
Universitygxhaxﬁ JDegree (PH.D.)
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S(T,S) - Decile Income Category l......10

Q(T,s) - Spouse Education Category
Same 9 Categories as S(T,3)

S(T,7) - Spouse Decile Income Category l......1l0

S(T,8) - Spouse Income Category
Same 7 Categories as S(T,4)

'S(T,9) - Number of Children Born
S(T,10) - Marital Status

0 - Single

1 - Married

2 - Widowed

3 - Divorced
S(T,11) - # of Months Unemployed in Year T
s(r,12) - Dependént Status ’
S(T,13) - # of Months Unemployed in Year T for Spouse:
S(T,14) - Age Difference of Spouse
S(T,15) - Age at Graduation From Secondary School
S{(T,16) - Age at Graduation From Post-Secondary School
S(T,17) - Age of Post-Secondary Graduation fro Spouse

S(T,18) - Age at Entrance To Post-Secondary School

Child - Age Vector

CAG(I,J): Updated Age Age and Sex of i'th Child
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APPENDIX IT

Model Summary

This appendix presents a summary 5f the computer
program implementation of the analytical framework described in
the paper. The prdgram generates ou;put,whiéh can assist in
the analyéis of the distributional impacts of government trans-
fer programs. An important by-product of the analysis is the
creation of a synthetic longitudinal sample of recordé of
individual demographic and economic histories. As has been
indicated in-the paper the model includes a scheme for the
creation of a sample of individual records and the use of this

sample in the analysis of general transfer programs.

>

The relgtionship between the various parts of the
overall program structure can be illustrated in the aggregate
flow diagram set out in Figure 1. 1In thié 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.
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The deterministic model.

Accepting pre-specified 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 pﬁrposes
in the lafger model as well as for creating particular
detailéd examples to accompany any general analysis, is

dealt with in a report [4] by Cohen.

The demographic model.

If it is desired to create a representative sample of
life histories such as described in the determin;stic model,
this task may be accomplished by Monte Carlo techniques.

The program blocks to carry out the generation of this
synthetic longitudinal saméle are indicated in Figure 1 as
blocks 5, 6, 9, and 10, with blocks 7, 8, and 11-14 pro—
viding for tabulated output permitting comparison with
various sources of cross-section data. The creation and
evaluation of this demographic sample is described in a

paper by Dobell, Cohen, and Stone[iSj.

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, 12, and 22 to 24.
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L

Various flow-of-funds or financial accounting ététements
caﬁ 58 created in block 25 if desired*, and a tape contain=
ing a panel of longitudinal records cén be Substitutedifor
blocks 5, 6,’9, and 10 in providing ingut tb the model, as
shown in block 16. Unless some feedback of pélicf onto
demographic data is taken into account as described in.
item 5 below,'ingut from such a tape iseundoubtedly the

most efficient procedure. Documentation of MCSSAP II is

given in more detail in the ‘manual by that same name £3J.

Policy feedback.

Thé response of the education system and the indivi-
duals in it can in principle be taken into accéunt in this
model as indicated in blocks 1;4. Block 2 provides for
estimates of fhe changes in individual decisions under
alﬁered financing policies, and blocks 3 and 4 provide for
estimates of the impact of the resulting changes in student
flows upon 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 ﬁeceésary
data as to the impact of policy variables upon individual

retention or participation decisions, or as to the elasticity



of costs or incomes with respect to chénging flows through

the system, are entirely lacking. Only rather arbitrary
sensitivity tests will be feasible in practical applica-
tions. 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 .

Comparison with aggregate analyses

From the population érrays tébulated 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 de-
manding detail at the level of individual records. Any
application to policy analysis will require reconciliation
of the model output with résults derived from such

aggregate analyses.

It is perhaps worth pointing out that this facility
makes the model structure useful as a 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 diétateq some of the work on tabulation and

-output options which would otherwise be unnecessary.
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