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An Aggregative Socio-Economic S\ﬁmlation*

of a Latin American Country

Martin Shubik™ et

The simple model constructed here is built to serve as an
illustration of the uses of simlation and as 2 first approximation
for a socio-economic model to be used in connection with the investi-

gation of development problems in parts of Latin America.

The technique of simulation serves as an excellent data
organizing device and framework for the conceptual scheme behind a
national econ_omi.c accounts system and aggregste financial reporting
system, This simulation utilizes in part the national economic accounts
format developed in the Country Study Frogram of the Yale Economic
Growth Center! and the financial statistical reporting of the

Internationsl Monetary Fund and lorld Bank.’
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#njoel Rubinstein, undergraduate extraordinsry and programmer,
played a most important role in the work involved in revising this

model.

eI am especially indebted to J. Friedman who worked together with me
on an earlier version of this paper; as vell as R, and N. Ruggles

for their comments, cooperation, and assistance, Furthermore, I am
indebted to G. Blanksten, R. Holt, S. Mintz, W, Robichek and-many
others whose ideas and conversations on the possibility of interdis-
ciplinary work led me to construct this model.



Althoush this first model is based primarily upon an
aggregated national income system of a variety that is well known
to economic studies, it contains several parameters and relations
of a socio-economic variety, which are not commonly found in

national income models.,

The simulotion described below has been constructed in
a manner that employs what can at best be called "casual empiricism."
It has been used to provide a8 structure for joint discussion and
as a8 possible basis for research between anthropologists, economists,
political scientists, sociologists, and others. The eventual
goal however is to demonstrate that this type of simulstion is a
natural integrating device to provide a basis for discourse among
operating planners, those concerned with the gathering of informs-
tion or the administration of data gathering and information systems

as well as behavioral scientists.

Part of the motivation behind this work is to siow that
relatively interesting and thought-provoking models can be
constructed and examined quicikly and relatively cheaply by means of
computer simulation. Before validation problems must be faced,
pre-validation problems must be overcome, These involve the
sorting out of varisbles, the organization of common sense,
uncormon sense, insights and "puesses," and the "playing" with
models as a preliminary to well-defining structural velationships
and dovising methods for empirical verification of the chosen

relationships.
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Accuracy and validity should depend upon the question
to be answered; models and questions which sppear to be vague to
the econometrician may thus have s place and use to the policy
maker, political scientist, administrators, and others., These
comments should not be interpreted as a defense of sloppy thinking.
The gaps separating policy oriented studies, economic theory and
econometrics as well as highly relevant sociological and political
studies are large, The work here is addressed to providing an

interlinkage for the different approaches.

1.1 Sociolosical and Political Factors

This simulation is directed towards portraying some
of the basic features of a Latin American country with a large
Indian population, Peru, Ecuador, Bolivia, Honduras, Guatamala
and Nicaragua fall into this category. In particular, as is

indicated in Fart III, we concentrate on Ecuador,

llodels of different countries undoubtedly have much in
common; however, it is our belief that we are a long way from the
"all-nurpose" general simulator., A common methodology, data
gathering procedures and common output formats with which to
carry out comparative studies can be achieved, However, in

detail models will differ from country to country.

Eventually it will be highly desirable to deal directly

with such factors as degree and speed of urbanization, the effects
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of religious beliefs and political structure. At this point
neither time nor resources permit including these in the rudimentary
model constructed here, Nevertheless the point that is fundamental
to the approach adopted here is that in the study of socio-economic
end political systems the best disaggregation may be a mixed
disaggregation. For many purposes the choice between a disaggre-
gation into say LO economic sectors or 10 economic sectors and L
social sectors should be made in favor of the mixed economic and

social disaggregation,

Formsl data often follow theories and purpose, Thus,
the argument that the data do not exist or are hard to quantify is
not a sufficient reasson to abandon factors which may serve to
provide much more explanation of processes of growth or change than
do available essily quantii'i-tle varisblcs. £ poor muezz 2s to the
effect of an important but hard to quantify variasble may easily
be of more use than an elegant time series of a slightly relevant

variable,

In keeping with the above remarks, in this simulation
the population of the country is broken down into four sociological
groups which are broadly described as "commercial uhite," "agricul-
tural white," mestizo and Indian. It should be emphasized that these
are sociological and not racial categories, A full blooded Indian

could easily have the social status of a "commercial white,"
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Another way of looking at this breakdown sociologically

would be:
Low High
Status Status
1
modern mestizo "eommercisal
white"
= + y
traditional Indian "agricultural
white"

2. Gross National Froduct or Expenditure

In the following sections we return to the more or less
traditional path of listing the various identities and relations of
a national sccounting scheme. These are integrated with the breakdown
into social classes and a scheme for social mobility, The economic
system may be regarded as providing a framework upon which the more
difficult to identify and quantify social and political factors

can be added.

e begin by presenting the major expenditure components
of gross national product. These show the basic components of
GNP (consumption, investment, government, etc.), and the relation-
ship of GNF to other important concepts such as personal income
and disposable income., Iunctional relationships relating the
major expenditure components to relevant variables are also set up.

These may be interpreted as behavior and policy relations,




Gross national product is computed separately both
from the expenditure and income sides of the balance sheet,
In general these calculations do not match and the discrepancy is
explained in terms of changes in the price level., Details of

this are discussed in section L.3.

Let Yy = Gross national product in period t in current
currency
It = Gross private and public investment in current
currency
Ct = Total consumption in current currency
i%@ t = Government expenditures on health education and
? welfare in current currency
03 g © Other government expenditures
b
Xi = Exports of goods and services in current currency
M% = Imports of goods and services in current currency
2,1
Mt’ = Repatriated earnings to the country in current

domestic currency

o

Repatriated earnings from the country in current
domestic currency.

i’e have the accounting identity defining GNP from the viewpoint of

expenditures:

(1) Y =I +C +G +G_ + (x1 -wml)+ (21 x2,1)
R A T T S !

s#See 2.,2.1 for further discussion and breakdown

+I'rom here on all references are to current demestic currency
unless stated otherwise
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Equation (2) specifies that total personal income
equals Gross National Product minus depreciation and indirect
business taxes and plus transfer payments. This may also be
regarded as the sum of factor payments augmented by transfers.
Ve are assuming that income from capital accrues to individuals.
- -Ta ) is after tax profits of foreign nationals and
5,t "5,t"

H6 & is profits of government owned enterprise.
I

(m

Y% = Total personal income

Dy = Depreciation (Capital Consumption Allowances)
in constant currency

Tt = Total taxes

-3
=
]

Indirect business taxes

Yt = Gross domestic product in constant currency

Iy = Domestic price level
2 :
Tt = Frofits taxes

R, = Transfer payments to individuals

nt = Total profit
ni,if Frofit of the i-th group (i = 1, ¢ee, 6)
1=(-Dp)p +Ml-x21).1l+p 12
@) Yt ( t t) t ( t t ) t t t
- 1°

=g ¢ = T5 ¢) = Tg ¢s



where the first two terms express gross national product

calculated from the production side of the accounts.

We consider the population to be broken down into
four socio-economic categories in the countries of our interest,
(for example: Peru, Bolivia, Ecuador, Mexico and Guatemala).
They are: '"Commercial" Whites (i=1l), "Agricultural" Whites
(i=2), Mestizos (i=3), and Indians (i=4). The color divisions
are not actually racial in South and Central America. An
approximate criterion is that a detribalized Indian becomes a
mestizo. A mestizo who attains an appropriate degree of wealth
and education may become a white. These divisions will be discussed
in further detail in subsequent sections. The subscript 5 is
used to denote foreign nationals in the country; while 6 refers
to government,

Y:iL g = Personal income of the i-th socio-economic
4 category

IJle have the identity

1 -yl 1 1 1
(3) b} =Y + Y- + Y +7

vl Ty T

In equation (L) disposable income (Yi) is defined as

income minus taxes levied on personal income,

Yi = disposable income



Ti = personal income tax
Yi : disposable income of i-th socio-economic
- category
2 1 3 .2 ve 2 v
) Y =Y - =YVC + Y5 + & Y=,
() e e A R YR

2.1 Consumption

All of the above equations have been accounting

identities, At this point we must specify the first behavioral

relationships.,
Ct = total consumption
Ci,t = consumption of the i-th group
Nt = total population
Ni,t = population of the i-th socio-economic group.

Cquation (5) is a mere accounting identity summing

consunmption in the different classes,

y
(5) C =1 C
£ 1=1 bt
] 2
(6) Ci,e Toa,1 Nije toog,o Yy

In equation (6) we have assumed as a first approximation that
per capita consumption can be described as a linear function of

per capita disposable income. If we believed that (6) held for
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all incomes and over considerable lengths of time we
would run into difficulties with assigning values of ay 1>0
)
as tnis would leave open the possibility that individusls with no

income could continue to consume indefinitely.

“he a4 1ore not dimension free parameters but must
]

be measured in terms of {money/people}.

2.2. Government

Government activities may be grouped, for national
accounts purposes, into two broad categories: expenditures,
which represent an allocation o part of gross national product,
and taxes and transiers, which are, of course, means of redistri-
buting income. The next section takes up government expenditures
and, although taxes and transfers do not necessarily belong here,

they are taken up in Section 2.2.2.

2.2.1 Governnen. Expenditures

Government expenditures in our model are divided into three
categories, which we believe are particularly relevant for a
development study: gross investment; health, education and welfare;

and a residual category. These are denoted:

(}l ¢ = eross investment by government
st



G = povernment expenditures on health, education
2yt and welfare

03 . = other government expenditures

2

Gt = total government expenditures (excludin, transfers)
Rt = transfers

Equation (7) bclou gives the relevant accounting ideatitys:

(7) G aLIE BE e BV el

The breakdovumn of zovernment expenditures will be
determined by the group in power and represents one of the politico-
economic aspects of this model which needs to be investigated in
detail. I'or example, it sppears to be worthwhile to distinguish
between two types of "revolutionary" change in a lLatin .imerican
state; the first a change in the "palace guard" which might
result in a shift in the biases between landed and commercial or
industrial interests; the second, a deep social revolution such

as that of ilexico in 1911 or the recent Cuban revolution.

In the content of this model we eventually will wish to
introduce political contiol alternatives explicitly, The method
for doing this is indicated in the flow diagram below., Houever,
we limit ourselves by the assumption that the governmental group

in pover will remain fixed over the period under consideration.,
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Uatil a sotisfaclor Tirsty appiorimation Jor ~dding
political reaturcs hns Uec. i1ndc, two approaches are adopted for

the next three behavioral equations.

The first is to leave them open for exo:znous inputs.

This proccdure can be defended in sevcral ways.,

In many countrics government policy may b a critical
item in the determination of growth and wclfarcs Given the current
statc of socisl, political and cccnomic information and thc
difficultics in constructing modcls of politico-ccoaomic process,
in checking previous historics,and in testing the .ffects of policics
the usc of historical data or of plans both simplifics problems

of validation 2nd pcrmits cxperimentation witn planaing proccdurcs,

Oncc more it must bc stressed that suct an approach is
not offered as an alternntive to cconometric methods. In the
construction of modcls for develorment, planning, 21d the control
of cconomics it appcars to bc desirable to distin uish between

bchavioral rclations which arc er arec not amenable to cconomic
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analysis, dopcnd upon large numbors of indopondont actions

and/or cxhibit some spucial featurcs lcading to stability in
structurc over a recasonaoble period of time, Thosc which exhibit
these properties are amenablc to an cconometric approach. Those
which do not, yct mcy be importont in describing growth processcs,

must bc approached differently.

Reasons for opposing this approach arc that it introduces
too many additional degrees of frecdom inio the model and incroascs

the complexity and unwicldiness of tha input,

Thce sccond approach is to ignorc all the cavecats Jjust

madc and to try to speccify bechavioral cquations.

8 a simplc first ocpproxination we assumc that government

Sixps gos el SerEiYen e given by:
8 G. =8 + B Y _ +8y, [i2 +]253]
(8) 1,6t 1 2 t-1 34 t

Here government investment is a simple lincor function of lcgged
gross national product and tronsfers 2nd long term copital flows

from 2broad,

13’2 = Long term capitel inllows

2,3

Iit

= Transfer payments from abroad
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Government oxpenditures on hecalth, cducation and welfare
oro assumed to depend on gross national product and total popula-
tion during thc provious periods This allows for an incrcasc in
health, cducation and welfarc cxpenditurcs as cither population

or GNP rises. This is shown below in oquation (9).

=8 +8 B W
(%) G2,t 3+ hYt-1+ 5 "t-1

Other government expenditures are assumed to grow with

population.

(10 G =8 N P

) 3,t 6 t tel

In Ecuador there is considcrablc earmarking of taxes with
the result that automatic transfer of rcvenucs to various of the

18 provinces, 97 municipalitics, and around 700 other autonomous
entitics dilutes the Central Government's abilities to usc the

national public rcsources.

2.2.2. Government Revenue and Transfers

Revenues can be considered in three broad hcadings:

Direct taxes,
Indirect taxcs, and

Non tax revcnuc.



gift taxcs and export taxcs,
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Under the first there are income tax, inheritance and

Indirect taxes includc excisc taxcs,

consumption and sales taxcs and import taxcs. The non-tax revenues

include income from property and charges for services.

direct and two indirect, arec considercd.

In this relatively simplified mcdel only rour taxes, two

They are pcrsonal income

tax, profits, indirect business taxes other than tariffs and tariffs.

(11)

(12)

The basic

—3

-3

-3

-
[

~3 —3
[l N Lo - o VO = N S B o R =

—3

L+ 12 4 73
B e

,1 ,2

) 1
+
o o

total tax revenue

tax identities are given below:

indircct business taxces

taxes on profits

perscnal incoiic taxcs

indircct business taxes, cxcept tariffs

tariffs

Tquation (11) gives total tax revcnuc as the sum of

indirect business taoxes (T% = T%’l + Ti’z) and incoac toxes

(Tf + T%). In ccuations 13 and (V') T

b
4
v

oot

is assumed proportional

n
to gross nation2l product, anc 715 to imports of joods and services:

t
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1 l =
(13) Tt’ 37 Yt
1,2 2l
(14) Tt’ 38 nt

The tax on profits is a.sumed proportional to profits

earned in the private sector, cxccpt that it does not become negatives

2 ~ 3
(15) Ty,g = max Bg "y ¢ 0 i =1,2,3,5
“6,t are profits of government owned cnterprise and hence

are not taxed.

Personal income taxes are assumed proportionol to personal
income; however, the constant of proportionality will not be the samec
for all four socio-economic groups; there are progressive tax rates,

not fully reflected in this approximation.

3 3 1
(16) S el

(17) Ti = Tit

i=] 3
It is clear from egquation ( 2) that personal income inclides the after
tax profits of the four socio=-cconomic groups. Thus, profits are

double-taxed in this model. Tax laws vary considerably from country

to country on this point,

Transfers to the government from abroad are assumed

exogenous to the model, being determined by the foreign policies
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of the country and of other nations. Transfers scheduled by

the yovernment to the four socio-economic groups are given below:

18 R =t R
(18) t i,t

(19) R =

Y - Y  -Y 0
i,t @yL T T oy,g N [( )5 ]'

t-1 t-2

Equation (19) by definition cannot have a negative value.
This equation should be considered as a key policy control and
should either be exogenous or merits careful empirical investigation.
Here a crude approximation has been used linking transfers to GNP with

a simple countercyclical term.

Total government expenditure is:

(20) E =G +G_ +G_ +R ;
t 1,t 2,6t 3,6 t

and total revenues are:

(21) REV, = T, + r’&fﬁ * Mg 3 where:
Et = government total expenditures
R.t";‘.V,t = government tctal revenues
Hi’z = {ransfers to the governaent from abroad
ﬁi’B = effective transfers to the government from abroad
Ri,t = transfers by the government to the i-th

socio=-economic zroup
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2.3 Investment in Physical Capital

lline special symbols which are used below are now noted.

Their detailed definitions are given in L.3.3. They are:

\ N A A 12 3 n A \ A
G G Ry LS 0 oY I I and I, ,
Gl,t’ 2,¢’ 3,80 T T, T2, 3t 5,t
a stands for "effective" government investment as contrasted

1,t

with Gl ¢ vhich stands for government investment; and similarly
3

for the others.

(22) g G. ..

1,6 = Ly map ) Gy

There are similar equations for all of the others,

In this section we consider gross investment by the four
socio-economic groups and by foreign nationals. Government investment
was discussed above in Section 2.2.1. One feature related to

government investment needs to be specified. Thatl is capital stock.

s

= . e + G .
“o,e) 6,t-1 ul,y./Pt

(23) (1

hé,t.

21
39

{4 the capital stock owned by members of the i-th
3

socio-economic group
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2.3.1. Gross Investment by Commercial 'hites

Without specifying the country and combining some
casual empiricism with sociological and economic considerations
one form of an investment function for the commercial group which

appears to he worth investigating is given in (2La):

4

(]
2ba) I =Max ! O,} Y - Y2 -/ YR
(&e) 1,t P 6 (Te-1 T 3, b1 £-2 3,t-2\‘-
1 ‘ = — !
: I r
- t-1 t=2 /

-

-

\

D e —

t-1 t-2

|F——

. : ) ‘.)
*o1,8 1,81, '-ft-l)‘

2
Y3 9 t'-2
P '

- .-

It is the sum of two accelerator terms and a depreciation term. The
first accelerator term involves changes in GIIP leaving out changes
in mestizo disposable income, while the second accelerator term
involves changes in mestizo disposable income. It is assumed that
change in mestizo income is of particular import to investment in
an economy as its growth represents the possible expansion of a
lower middle class market, 5 serious drop in this income may also

be an important factor in the grouth of political instability.

The determination of reasonable investment functions is
obviously one of the most critical empirical problems in the
construction of this t,pe of model. In the case of Ecuador, bank policy,

the availability of foreign long term finance and the size of the
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export market appear to have been dominant factors. '"Betting

on bananas" appears to have been a policy followed recently.

In view of the considerations noted above an alternative

gross investment function is suggested in (2Lb):
(2Lb) i = Hax I.O "‘a o o4g (K ) P V
1,t i.,‘ 1,6 't 1,8 \1,t-1) Ue-1) ¥y

.

-
N

2o

This leaves out of consideration the future possible

importance of the internal market and the sociological factors wiich

may determine these aspects.

Depreciation in fixed terms is given by:

2 D, = K ¢
(25) it 1,8 i,t-l

Capital stock for the first socio-economic group

-~

(26) ST (-0 g) K o Il,t/Pl,t'

2.3.2 Gross Investment by /igricultural Vhites

Investment in this group is taken to depend on disposable
income within the group. Tor these people investment may be more
a matter of status than of rational calculation. It has been
suggested, for instance, that the social role of "patron" is in
some areas still of importance. Thus, the additions to the hacienda,

finca, or estancia may be a manifestation of the role rather than a

pure economic act.



Z { \ (Fp
(27) Iyt = op,6 * 02,7 Yo 01 * 92,8 (f2,1-1, ( t-1,

Ve
i B W oBas T
2,t-1 2731 t-l,

P2, t-1

- (% o AP
*2,8 \12,t-1, t-1)

. ? ;
S g <L P
2zt-l 31 t-1

Ho -1

Capital stock for the second socio-economic group is
given by:

2 B S0 ) & + I /P
ed) 2,t & 2,8) 2, -1 *2,p/ t

2.3.3 Gross Investment by Mestizos and Indians

In general, mestizos have little surplus for investment;
nevertheless we assume that:
(29) I =y -C
3,1t 3,t-1 3,t-1
This indicates thet they invest their savings, but
with a time lag, 4t first glance and historically this factor may

be small yet as far as »nolicy, social mobility and political stability

it may be of considerable importance,
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There is the standard accounting equation for capital

stock:

O = - % r n
(30) KB,t (2 Ql3,8) r(B,t.-l * IB,/’t,

Our initial assumption is that investment by the Indian
sector is negligible., In this model we omit further consideration

of it.

2.3.Li Gross Investment by Foreign Nationzls

The final category of investment is investment by foreign
nationals. Toreign nationals are urobably more ready, willing and
able to pull out of a country when the country appears to be heading
toward social or political instability than are the loecal citizens.
Cne simple way to represent this is with a "domestic stability index."
The index could be a lTunction of the length of time the present
goveraneat has been in power, the recent grouth rate of gross
nationel product and the growth rates of real wapges for the various
socio-economic groups. Usually the index <rill be the higher, and
tte country the more stable, the highcr are these variables, If
the index is below a crucial valuz, the foreign investors seck to
pull out at the fastest possible rate, which is the maximum deprecia-
tion rete.  The diagram below represents the investment decision for

forei n investors:

‘It is possible thut come assets can be transported cut of the country,
but in general this is unlikely.
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Is the stobility index )

below the crucial value?

ves - / .

b1, = - K I, =iax {0 T
547 745,88, 4a1 56 0,6 b t-2)
(31) d d
depreciation rate t-1 t-2
: A
(R * a7 K5, -1t Peay
!
I = the rate »f gross investment of forcign
t. Fa
29" n~tionnls
(32) K, =(1-q. . )K +I, 4P
5yt 5,70 T8, 5, Tt

Thus il the index is bclow the crucial value, gsross

investment may equal net investmentar) is-w in constant

5,8 5, -1
currcncy, On the other hand, if the index is sufficiently hign,
investment is determined by depreciation and the change in gress
national product between the previous period and two periods prior;
i1 is the greater of zero cr the amount calculated from these con-
sidcrations. 1le note that therc are two depreceistion ratecs atove,

o and  « o Through hard driving and poor maintecnance,

547 5,8
capital con be mede to depraciate faster than it would with careful
use and maintenance. The actual rate ol depreciation for a capital

vood uill depend on the cost of replacement, expected rctlurns on it
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and the cost of various levels of maintenance. 4 foreign investor
wishing to null out of a country due to the instability of thc politi-
cal situation may expect expropiriation or wholesale desiruction of
his investment. If so, he may want to work his capital as harcd as
possible without spending anything on it until it has no veolue left.

o 3 is the maximel ratec of deprecintion relevant to vhen the
’
capitol is used up as quickly os possible, a5, 7 is the '"nmormaln

rate, applicable when the investor expects to stay in the country
indefinitely. It will be scen later that the stability index has

a bearing on international capital movements.

In many debates on nclicy the role of forecisn investment
is usually discusseds The actu2l nature or the foreizn investment
function may depend heavil; upon explicit lawrs, special economic
opportunities ani the faith placed in the political ond econcmic

ambiente,

sn interestinz use of a model of this type is to carry
out gaming cxercises for the exploration of policy., .\ way in ithich
the simulation can be used for gaming is to have a set of players
select foreisn private investment and other capital flows exo-
genously, while the other team controls tarilfs and other aspects

ol government policy.
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2.4 ixports und Imports of Goods and Services

The demand for exports is assumed to be autonomous,
being Jetermined by conditions atroad which are essentially un-
affected by devclopments in the country. In some countries such
as Fcuador® or Guatemola four or five items account for 75 - 909
of experts., A reasonably satisfactory model for exports could be
constructed by including some features ol prices ond demands for
these specific commodities.? Iwve. this disaggregation is not
completely satisfactory as it is in general the case that the
commoditics *traded arc highly subjected toc oligopolistic influence.

hence, a good model of foreign trade needs to take this into ~ccount.

ile treat the demand for exports as erogenous. Exports
could, of course, be considerably less than the demand for exports;
however, for crops such as bananas or rice, it is possible to

increase production in a year.

From the viewpoints of operational geming, ploenning, and
growth siudies it is desirable to experiment with alternative condi-
tions on experts and to carry out separate studies tc locate the

factors to which exports are sensitive.

Imports depend upon consumption, investment, foreisn
transfers, and credit conditions as well as export and import price

levels, tariffs, and direct controls and bank policy. i/ithout going

+In scuador, for example, baninas, coffee, caczo and rice form
more than 90 of cxports.
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into detail a crude approximation has imporis as a linear function
of exports lagged by ¢ pericd. The argument Lehind this approxima-
tion is that the complex of tarifts and direct restrictionc tendc
to kecp imnorts below the levels that they would reach without
thems These 3re, however, often linked to the size of earnings

from abroad and bureaucratic slowness introduces a time lag.

(33) Y% = an exogenous series for exports
1

3. Human Capital

4 very important ingredicnt in successlul growrth for an
underdeveloped country, indeed for any country, is investment in a
nealthy, educated population. The importance of attemptiig to
measure the effect of health, education and welfare (4E7) expendi-

tures on productivity is obvious, as are the difficulties in doing so.

Below we sketch twc mcdels for the measurenient of human capital.
The first is an input-output model which we do not utilize at present.
It is iicluded because it is our hope that this basic approach will
prove botih feasible and extremely fruitful. The second appicach,
which we are utilizing for the first approximatiion, includes a .

!* SO B SFTE A AT e STy o1 dEIEH, S0l o slivigiie

N Lo Ja o B e w0t il riv asarablie

*This method was primarily sugzgested and devised by James riedman.
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bctuecen classes., The number of stardard lavor units into which

a member of the labor force converts depends on the HLW expenditures
made on members of his group. ''hile this m~thod leaves something
to be desired, it does represent a beginning at the difficult task

of measuring lavor productivity 25 a function of HEI.

2.1 Input-Output !llodel

In Table I, below, appears a simple input-output schcme.
Lach column is an activitye The negative coefficients are outputs and

the positive, inputs. Thus, louking at the first acuivity, it

gshows that if we put in one infant, Y6,l°f social amd medical resources
and y7 lof education resources, we will get as outputs one child
and Y8:l of labor.
Infants  +1
Children =1 +1
Young Adults -1 +1
lliddle Aged -1 +1
o1d = e

Costs: Social,liedical Y6,l y6’2 Y6,3 Y6,'4 Y6,5
Costs: Lducation Lic fr R 758 L ANTRRL

Labor Cutput Y8,1 Y8,2 Y8,3 Ly Y8,5

TARLD I



4

lie have divided the life span in.o five stages herc and have
impiicitly assumed that at cach stage there will be a linear relation-
ship linking the labor output (measured in some standard unit) vith

the HO! inputs.

In order to study the effectiveness of thz [l programs
we might wish to expand ihe number of activities shown in Table I
to account for different inputs in education, for excmple. is a
good second approximation four social groups, each portrayed by five
activities, should provide sufficient information for ihe estimation

of human capital,

IT we are able to measure labor output in terms of a
standardized dollar and if we are willing lo specify a discount factor
in the economy we can caiculate a value for an individunl in the

t-th age groun,.

5
V L Z Di-t+l ( - - -
t 1=t Yu,i Y6,i Y7,i)
where
v = the humon capital value of an individual in
v ae group t
p = discount rate

vy, .= input output coefflicient
K,i
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3.2 The Current Hodel

The model which we look at in this section averages over
all members of a socio-economic group identically, regardless of age
and sex. It would nct be difficult to expamd it to keep track of
the population within each socio-economic group by age groups. The
steps in the model are two: 1) The size of the population is
computed, taking into account births, deaths, and transfers from
one class to another. 2) The labor force is converted into standard
labor units, taking into account the per capita HIW expenditures made

in recent years.

Let:
Nt = Total population in time ¢t
Ni . = population of i-th group in time t
I
At = deaths in total population during period t
A~ = deaths in i-th group
i,t
Bt = births in total population
B, = births in i-th group
i,t
F1 = number of people who transfer from 3rd
2 (mestizo) group to group 1 (Commercial ithite)
F = number who transfer from Lth (Indian)

3, group to 3rd
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Some basic bookkeeping relationships which involve the variables

defined above ares

(35) N i + B =15

t t-1 t-1 t-1

36 N =i + B = + T
(36) 1,6 1,t-l  1,t=1  1,t-1  1,t-1

37 ) = N + B - i
(37) 2,4 2,t=1 2,41 2,t-1
(38) i = | + B - 5 -F + F
3,t 3,t-1 3,t-1  3,t-1 1,t-1 3,t-1
(39) R = =47 -F

il + B
L,t L,t-1 Lyt-1  L,t-1 3,t-1

Cquation (35) gives total population in period t as
population in period t-1 plus births and minus deaths during period

t-1. Tquations (35) through (39) are the analogous equations for each group.

TEe " . Bi lingews peup FE - ke cmm o llErC ¥ e o bangl) =rd (43The

relationships governing births and deatus are ziven below:

Lo =
) Ay,t-1 = 91,30 Ni,ta1

(L1) Bi,t-l =31 Ni,t-l

Transferc from one c'ass to another are considered to occur
when 2 mestizo acquires sufficient wealth and position to be, in fact,
2 member of the commercial vhite community; or when an Indion turns
outwarc from his tradition-bound enviroument and tries to set along

in the more market oriented part of society., The twu transfer cquations
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are:
n /Ny 4. 1‘”3 t-1 n"-.
2 = LN 3]
Pl s o190 e 061,00
4 \
, —1-—-Y3 L + !
®1,10 @1,11 H3 11 {5—
3,31 o |t
3,1-1
\ :
I3 t-l"“h i-] ‘
%(L3) F =g. N I
3,t-1 73,9 h,t-l‘ “3 g-1" My, 1-17“
X, \
1) ,4=1 e
'@ 50T SIREIL T -1‘ —
: L, t-1 T {-1
“ h, b=

In both these equaticns, the first expression in brackets is the
proportion of the combined population of the two groups which is in
one of the classes multiplied by the proportion in the other, This

proportion is modified by a parameter, , and hy an expression

27
involving per capita digposable income for thne group and HEW
expenditureses The result is modified by the size cof the group from
which peonle will transtfer. The equations are modified for the
effect of price level, It is assumed that as Hili and per capita

income risc, the nunbers vhich will transfer rise,

N ! .
w4 consistency check requires thate , ! £1LJ < l. Otherwise

3,9 N

the sizc of population transfer would bLe greoter than the population,



group and

(L) W

i,t

2
(L5) Ni’t

wThere

%1,12

-3 -

The next step is to determine the labor force for each

then convert into standard labor units.

o c—

%313

Iy

= a N NZ
1,12, i,t Lt
il
i,t
a. _
- Tl
= ¢ 113 RHY 4. it
i, t *i,15 | i,t
a -
i,13
e
I, = total WXJ sveal on croup i
l,t‘ -
wl . - A . :
o = labor f{urc. of groip 1
i,t :
i? = number »7 standard labor units reprecented by
Lt the lavor rorce of zroun i
RH} t= real per ~apita 13 on group
ipt

8 + 1 years

16

i, suwamed for

is the proportion of the 1-th proup which is in the labor force.

The general shape and characteris® ics of eauatinn (L5) are illustrated

in Firure 1.

The minimuam valuc of N? L

, vihen
i,

T

is usero, is
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%13 - %i,14/%1,15

1t . This is constrained to be non-

X e
i,t
negative,

HEW shows increasing, then decreasing returns., The
marginal product of HEW in terms of labor units is always positive,

although it is asymptotic to =zero and total labor units is asymptotic

Q.
to NI e 1513
1t
The derivation of RH} . remains:
L
(L6) : : 2
Hi,t - 93,16 * 0i,17 Ci,t * ‘“1,18 ¥ 0i,19 Gt_.
y
2 _ a2
G I oaj 18 %0500 7 &
1=1
e B =B /P
RH.
t H‘l.. l,t-s -1
(49) R .= [ —ptos R, - 0 .M
l,t 0=t—8 i 0 l,t‘l No 3
16 ’ 1 ’t"Bls"'l bR ,t

hecording to equation (L6), the HEU expenditures on the i-th group
are a linear function of the consumption expenditures of the group and
of government HEW expenditures. Equation (47) is merely a constraint

to assure that the whole of 6;‘: is parcelled out among the four groups.
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Equation (48) changes the current HEV expenditure into fixed
currency terms. Equation (L9) is the sum of per capita HEY in

group i for the current year and the Blb’ precedinz ;years.

It must be noted that the definition of HEJ expenditures
presents several difficult problems both in theory and in national

accounts classification.

e Production and Distribution

In this section the treatment of production and distribution
is outlined. The production side of thc model utilizes an aggregate
Cobb-Douglas production function. The assumptions about distribution

are a variant of traditional marginal productivity theory.

The program includes the more general C;E.S. production
function for purposes of experimentation; however, discussion herc
is limited to the Cobb-Douglas. In any expansion of a model of this
type a natural step would be to replace this total aggregate by a small

input-output table,

Li,1 Production

ile assume the existence of three factorse: capitsl, labcr,
and the "institutional" factor. The third of these is not represented

directly in the production function, and is discussed below.



= 3t =

Let:

+'S

= gross domestic product in constant currency

(SO) YS =t o ”2,1 + X:?,l

5

)
Py

Equation (50) contains an accounting identity which defines
gross domestic product as the sum of all goods and services produced
within the country. IEquation (51) expresses gross domestic product,
as an output, related to the labor force and capital stock as inputs.

This "aggregate production function" we have assumed to be a Cobb- Douglas

functions*
BB 1-68 B ;
(51 YO = 1 18 . 32~ 0 1
) : 617Kt-1 N, e (0 < Bg< )
(52) K = IK
4 t it

Equation (52) is an accounting equation for the total
worth of capital stock. 1In general capital stock fipures are difficult
to obtain and furthermore there are many conccptual problems to be

faced even in defining them in monetary terms,

8ot
+modified by the term e 32" 4o account for tec:nvlogical progress
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L.2 Distribution of Froduct

e assume that generally labor and capital are paid in
proportion to their marginal productivity with the exception of the
iadian sector of the population where institutional rigidities have

an influence.

An allocation of income is also made to an "Institutional
Administrative" factor. The appropriate licenses, administrative
blessings, cooperation of local authorities, adequate protection
against institutional delays and so foirth all are part of a production
process and may be regarded as very valuable factors. They are in
general, resources with increasing returns to scale. Essentially it
costs the mayor little extra to sign additional permissions to build,
but each permission is nevertheless needed as a factor. There is
possibly an upper bound or a capacity beyond which an individual
cannot go without dipping too heavily inlo nis "political capital”

(a quantity we do not attempt to measure at this polnt); hence a
given administrative system may be regarded as having a capacity

in the same way as does a bridge or railway system.”

#Up to a point he may actuslly be increasing his "political capital®
vhen he grants permissionsa
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L.2.1 Vages

The returns to labor in the several groups are given by:

¥,
(53) W s v =« 1,20 2 N',i') (pt D i=1,2, 3
3Nt :
and
0
0Y, )
-T = —k g N !
(54) Lh,t (a 4,20 5 Py t8 19" E3,‘) Jb,t
N
t
\lhere the o for i =1, .se, 4 are proportionality factors

i,20
which will be discussed further below.
VI, = labor income of i-th social group in
1, constant currency

a traditional constant component of
income to Indians

819

a random variable

o™y
[}

In equations (54) and (55) Pt 1 is used to show the

effect of price level indicating a "price-stickiness" in the adjustment

of wages.

The equation; (53) arc merely the standard return: to labor

in a competitive economy modified by the o — The equation (Sk)
1,

is a modified version of (53) where we assume that the income to the
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Indians has three components, the first which is in proportion to
marginal productivity, the second a constant inmney terms determined
from socio-economic considerations and the third a random variable

determined by such things as weather and crop conditions.™

L.2.2 Gross Profits

Given the way we have written the production function
for gross domestic product, the profit equations must include deprecia-
tion coverage as part of the returns to capit1l. In a competitive

market we would have:

= 3%
(55) ni,t + Di,t Pt = ui,2l 3Kt_1 Ki,tu-l Pt L=l RS ®
ihere a = factors of proportionality in return to capital.

1,21

4.2.3 Income to the Institutional Factor

The third set of equations (56) given below represents
the sources of payments to the institutional administrative factors.
t'e assume that there are primarily eight sources, being respectively

government investment and transfers, and private investment.

#There is the difficult problem of imputing national income monetary
returns to groups only partially in the money cconomy.



-39 -

Z, = Income to the institutional factor suppiied
1,* by the i-th social group.
(56) L0 7,02 000 7 %03 (G p * G5 )
- i,2h Rt * ai,25 #3 + o i,26 Il,t
' “1,27 12,t+ ai,28 IB,t o i,29 Is,t- i=l,2

‘’e assume that income from this source only accrues to the commercial
and agricultural vhites. It indicates that they obtain a part of the
funds spent by government, in transfers and in investment in their role
as controllers of the bureaucratic structure of the country. 4 more
socio~politically oriented model would have these shares depend upon

the party in power and its major backing.

There remains the problem of consistenc;y checking that the identity

L 6

PY = ¢ W, o+ ¥ + 314 4T
57) AP IR A SR R
i=1 i#l

must hold. This can be ensured in the manner shown in the flow diagram

below.,

Scale up the i Continue Scale doun and/or
change sign of
@i i calculation . &n o
) . ¢ i,21
until equation until equation
(57) is satisfied (57) is satisfied
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In order to guarantee that (57) holds we adjust the scale
factors to the returns to capital. This implies that administrative costs
and indirect business taxes, then labor, have the priority in being
satisfied. After they have been met then the residual is paid to the

other factor. A full explanation of the adjustment is given below,

L.3. The Consistency of Income and Expenditure

4 mixture of behavior and accounting equations has been
written to describe the income and expenditures of all sectors and the
interaction of foreign trade and financial flows. In order to bring
consistency to the income and expenditure sides we introduce a gross
correction in terms of a price level which is assumed to be endogenous
to the system. The model given here for the whole economy is treated
as open in the sense that foreign exchange levels are treated as

exogenous.

Equations (50)
P Y0 =y -uolasxds?
t t t
and (1)

. B | 2,1 _ 2,1
Y =I +C +6G_.  +G_  + (X: M)+ (M5% - x4
t Tt ot 2,t 3,t Sl L )

are sufficient to fix a price level when combined with (57).
Y‘tJ is determined directly from the Cobb-Douglas equation (51).
I‘~I§’1 is determined by (59) and does not involve Pt or the necessity

to determine any set of variables simultaneously. This is not the case

DR o TR VT =

I.‘-'.. =
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with the identity (57). If we rewuire this to hold we can do so by

violating equation (55) and defining profits to be a residual. \e
make a further simplificatiion that all profit sectors are hit equally
by changes in economic conditions and the value of monty'. This is
equivalent to assuming that there exists a variable x modifying the

parameters o . = Ve may reurite (57) as:

(1) ,
i,t-1] t

Substituting (50) into (1) we obtains

(II) P YO=1I +¢c +62 +a3 + (x*-m)
t Tt bttt t Tt

\le may solve I and II simultaneously in order to obtain

the x and the Pt q

In equation II the Ct are dependent on current profits;

hence involve both the x and the Pt 9 as is seen below:

C,,=a _N +a Y2 fron (6) i=1, ooy b
i,t i,1 i,t i52 it
Y2 =(1-a )Y from (3 & 15) i =1, ..o, b
i,t o L B
and (III)
YWoax (-8 ) a ., 0 K . P #U , +3 _+R
it 9/ %,20 Mt Vi,t-1't iyt Ci,t it
aK.- i=l,00.,b

+This should be modified, as it appears that governmental revenues are
derived from a monopolistic sector and are more institutionally inflexible

than the others,

- faana i e X a2 i asnd
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Cquation III and the relation based on equations (3 & 15)
to link personal income uith disposable income imply that transfers and
payments to the administrative factor are also subject to income tax.
t’here the poor pay no income tax and the rich obiain little welfare

payments the approximation is reasonable. The term (1 -'BQ) represents

profits tax paid before entrepreneurial income is obtained.

Summinz over i =1, ... 4 to obtain Ct using IIT,

6, and 3&15 we may write II as:

i
(IV) P P=I +a+3+0L-m)+ Tao _w
t t t t t t t. j=1 1,1 1i,t
L - -
* - i +3 _+R
i'fl aizz(l & 3)[ 1,8 iy iyt
4 0
+ x(1 - 1l - o Y K
T B e e I it
981

which is of the form
(V) P =14 +4xP
Sl o 1 29

1,2

¢ . Hence

In equation I we knov that Ti =B YO

= -
7 Ly By * T

we may rewrite it as:

(V1) P, i(l-B)Y(t)-;.x - i
] !
l—
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Solving (V) and (Vi)wve obtains

: _ : 0

{}2 Au - A A

-
i
i
.

P, = {AIJ-A A,J
0 . - (1 - 8,) Aé‘

t "3
wheres
11 .
= - N
SRR A S T
5
P
+ oy °1,2 (1 ai’3) fwi,t + Zi,t + R’L,q
g 0
ol B e G R CLER  sl s a s W RS s
K.,
6 o
hg = Do e0) g 1Ry oy
K,
4 2
1,2
A, = I W + I 2 p AL
TR L P P

The mechanisms of monetary :ilows, banking regulations and
price adjustment are prcbably amony the more important fectures needing
explicit description in'an adequate developmeni nmodel., .t this level of
model construction only the baresi formal ccnsideration has been given to

a rudimentary price adjustment mechanism.
1)



5. International Capital Flows

Economic relations between a country and the rest of the
world may be viewed in the context of imports and exports of goods
and services, and imports and exports of caepital. Imports and exports
of goods and services have been discussed above; however, international
capital movements have received little attention. These flows are a
barometer reflecting basic conditions and problems within the country.
Thus, an adverse trade balance will show up here and perhaps give an
indication of whetl.er devaluation, stricter exchange control or other
such measure; are needed. i developing social condition inimical to
the wealthier segment of the population may cause substantial short
term capital movements out of the country vhich aggravate any balance

of payments problems which might previously have xisted.

The country's central bank, development banks, the Yorld
Bank, I..I.F. and other international monetary agencies together with

the ministerio de hacienda form the dominant complex of institutions

influencing capital flows. In any direct application of simulation
for planning purposes, along with the internal price adjustment mechanism,

they merit a more explicit treatment than is given here.

5.1 Capital Imports

Capital inflous may be under any of three categories:
transfers, long term flows and short term flous. The distinction between

a transfer and another long term inflow is that no indebtedness or
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servicing is incurred on the former; they are essentially international

gifts or accounting settlements.

A policy such as that of AID contains an intermix of transfer
and other long term capital inflow where loans (even though they may

be on very favorable terms) are dominant.

Mi’l = Repatriated earnings to the country

Mi:2 = Long term net inflows (excluding transfers)

Mi’3 = International transfers
Mf’h = Net purchase of domestic currency by foreigners

GM%’2 = Long term governmental inflow

~

B = Long term private inflow
i
.2,2= 2’2 4 ’2
(58) i2%= a2 + pi

Ii’l = the country's holdings of foreign cash

L2’2 = the country's holdings of foreizn long term
b assets

FEXCHt= foreign exchange rate

2,1 _ 2,2 , 2,1 bemxen
(59) Mt’ B og Lt B oy Lt 1

Mi’l which is earnings repatriated to the country measured

in current domestic currency is given by the return B8 21 on domestic
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holdings of monetary assets and 320 on forei;n long term assets

as is shown in (59).

(60) M%s3  is assumed to be policy determined hence
exogenous.
(61) GMi’2 is assumed to be policy determined, exogenously.

In order to appreciate the effect of financial flows

it would be desirable to give at least a disaggregation of the finan-
cial sector into the central bank, private banks, and development

banks as is done in the I.M.F. International Financial Statistics.

The importance of this iﬁformation comes .n any attempt to measure time
lags in financial plans and to evaluate the degree of control exercised
by intermediary institutions. This is immediately highlighted in
examining how transfers from foreign governments and long term.capital

inflows enter the economy.

Equations (60) and (61) indicate that an exogenous policy

is supplied to determine the values of Mi:3 and GMi:2 + The funds

can be expected to find their way into the economy under overnmental
control via the central and development banks influencing primarily
governmental and private investment by foreigners and the commercial

white group.

62 P12 = B . GI%»2,
(62) “t 36 Tt
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Equation (62) gives private long term capital inflow from
abroad as highly correlated with governmental inflows from foreign

national or international agencies.

P
6 2,4 - 1_4y1 _t
(63) M B E{t X F{_J

Fquation (63) gives net purchases of domestic currency by
foreigners as an adjustment mechanism which keeps foreign stocks<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>