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ABSITRACT
 

Thi report explores and quantifies the future impact of fertility
rates on socioeconomic variables in Chile, principally GNP, GNP 
per capita, potential demand for education, health, anc_ housing ser­
vices, and the resources required to satisfy this potential demand. 
Also':treated are the effects of fertility on population age composi­
tiOn 'and size of the labor force. To'the extent possible, relation­
ships and parameters' are modeled on the basis of Chilean empirical 
evidence, 

: IV,'
 



'CONTE'TS
 

PREFACE ,il 

ABSTRACT 
vii
FIGURES AND- TABLES 

1"SECTION 1- INTRODUCTION 

SECTION 2-THE ECONOMIC-DEMOGRAPHIC MODEL" 

Chilean Population Trends 	 1 
'Study Method and Organization 	 2
 

* /:' 

4
AND ITS PROJECTIONS 

Chilean Economic and DemographicTrends 	 4
 
The Demographic Model ,
 
The Economic Model 
The Demo,.%,phic Projections. 15
 
The Economic Projections of Output .191h".
 

23.SECTION 3-EDUCAIION 
Pimary and Secondary Education 23
 

:University Education 32
 

'SECTION 4-HEALTH 

Background Information 41
 
Results of the Projections 43
 
Future Government Health Expenditures 48,:S'­

51.SECTION5-HOUSING 

Historical Perspective ', 	 '51) 
Projections: 1968-200, 	 54
 

SECTION 6-FERTILITY, HUMAN CAPITAL FORMTION,
 
AND FUTURE ECONOMIC GROWTH 65;
 

Education-Weighted Labor Force Model 	 65
 
'70.Extensions of the Weighted Model 



71TMP-56. 

SECTION 7-CONCLUSIONS 

APPENDIX A-NUMERICAL VALUES FOR PARTIAL 
ELASTICITIES OF OUTPUT WITH RESPECT TO FACTOR INPUTS 

APPENDIX B-UNIVERSITY EDUCATION COST CALCULATIONS 

APPENDIX C-COMPUTATION OF HOUSEHOLD SIZES AND,,-; 
HOUSING OUTLAYS 

REFERENCES 

73 ' 

76 

82, 

86 

89 



,FIGURES AD TABLES 

:;FIGURE 
1 Annual birth rates, death rates, and rates of natural 

POOulotionincreose in Chila 

2 ,'Gross reproduction rate in Chile under three 
assumptions of fertility, 1960-2000. 1or 

3 Observed and projected gross reproduction rate in 
Chile, 1960-1969, using CELADE-based fertility, 
assumption B. 11 

TABLE 

1 Crudebirth rate (CBR) declinesin Latin America. 

"'2 Total population of Chile (thousands). 16 

31 Crude birth rate (CBR) and crude death rate -(CDR) 
per thousand in the Chilean population. 16 

4 Numbers of youth and old people per hundred, persons. 
in the population aged 15-64 under different. 

Chi lean16;Chilean fertility assumptions. 

>.5 Projected Chilean labor force under different fertility " 
assumptions (thousands). .!8 

6' Chilean labor-force-to-popu lotion raflos under,. 
different fertility assumptions (percent). 18 

7 Summary of Chilean economic projections, 1960-2000._i:_ 20 

8 Inputs to the Chilean production process. 21 

9 Year in which Chilean GNP per capita reaches a 
given level. 22 

10- Projected,-ChIea'nschool -age, Pp.il!on.. 24 

'vii" 



TABLE
 

11 ' Projected Chilean enrollment ratios and clasmsrom 
space. 26 

12 Projected total Chilean primary and secondary school" 
enrollment and teacher and classroom space 
requirements. 28 

13 Projected annual Chilean primary and seconaary.scnoo!.. 
new teacher and new classroom space requirements. 30 

14 Projected annual investment and operating costs of 
Chilean primary and secondary schools (millions of 
1960 escudos). 3i. 

15 Parametric coefficients assumed for'projections relting 
to university education. 35 

16 University enrollment and teachers required 1960-2000. 
(thousands). 39 

17 Tertiary education new teacher requirements, teacher . 
trai ni ng costs, and system operating' costs. .40 

18 Numbers and costs of Chilean health personnel. 42 

19 Construction costs; annual operating costs,;' and, coverage 
improvement of Chilean health Facilities. 43 

20 Projected- Chilean hea!th prsonnel requirements. 4 
21 Projected Chilean healthphysical facility requirements,. 45 

22 Projected Chilean health nestmentcosts (millions of 
1960 escudos);":
3Projected Chileanhealth operong costs (mIlons of, 

A6 

1960 escudos).. 47 
24 Projected extent of coverage of governmnti-provided 

health services. 49 

25 Projected government health c0sts"(iiilions.f 196& 
escudos). 49 

26 Housing requirements, availability and "deflci by '. 
component elements., ",53 

27 Sources of housing deficit increases.: 54 

28 
"' 

Total population (thousands)'and iragehoushbld size 
1960-2000. 56 

:v111,. 2



TABLES 

'ABLE' 

29 Differences in number of households. attributable to 
iltemative fertility and household'size assumptions, 
1960-2000 (thousands). 57 

30 	 Incremental normative housing unit annual requirements,. 
resulting from additional households, 1970 (thousands) 59 

, 31 	 Total incremental normative housing unit annual 
requirements, 1970-2000 (thousands). 59 

32 	 Total public and private annual outlays required to, meet 
minimal housing policy goal, 1970-2000 (millions of 
1960'escudos). 61 

.33 Annual public outlays required to meet minimal housing 
" policy goal, 1970-2000 (millions of 1960 escudoS)., '62 

34: 	 Percentage of net domesticsavings required for addition.. 
I aal.l hnu a 	non "residential ccnefnaiTnn 1,4n,mat- mn 

631970-2000. 

*35 Projected numbers and educational attainment of the 
Chilean labor force,, 1970-2000 (thousands). 68 

36 Projected Chilean GNP and NP iper capita with labo 

force weighted by educational attainment, 1960-2000. 69 

37 	 Economic effect inyear 2000 of varying Chilean
educational budget. 	 71 

38 	 Projected annual public expenditures associtedwth 
8 	 different ferti ity rates for edUcation, health, and'
 

housing at decade intervals 1970-2000, in absolute
 
terms and as a percentage of total GNP (millionsof
 

75 r.1960 escudos). 

:A-i Comp tive output projectionsunder two assumptions 
about relative shares for year 2000. ! 78.	 .. 

A-4 	 Income, labor force, and output elasticity; 81 

IX':
 





SECTION 1 

INTRODUCTION' 

CHILEAN POPULATION TRE NDS . 
The widespread attention currently given to the so-called popula- .
 

t6on.problem and the.observed declinei Crhilean birth 'rates since/

the-beginning of the 196's has prompted cons iderable speculation"as
 
to its-effects. 
 Inthis study,, te, falling birth and death iate' observe-d 
in"Chileare taken as given and'their effects on GNP'and three 'sociAl 
s ervices - education, heailth and housing -are explored within the 
theoretical fraiework od aneconomic-demographic model develope1 
yGeneral Electric-T MPO for the U.S. Agencyfor Internt ional
 

Developmen .
 

Basic to an understanding of the ways in which changes in vital 
rate'saffect the conomy is an appreciation of their, impact on the 
:size.and coipositioi of the population. As this study. will emp asize, 
the. age omposition of.the population .ise specially, influential in de­
termining economic impacts of, falling human fertility.' The age did­
tribution, inturn, depends largely bn the histoical evel and 'sub-" 

..sequent speed of change 'fbirrIth rate. The reasons for'th e •greater,,,
.influende of 'the birth rate (relative to the death rate) on the age com­
position ofthe population may be intuitively, gra'sed., De'c ines*i.n:the 
death rate u'sually affect all ages ''Changes" in"sanitary conditions*or: 
in .economic-well-being improve the health of the population:-as a

-";whole, .and the resulting lessened, morbdity 'and.mortaityare'dis', 
tributed over all ages. Reducedinfant mortalitymaybethechief 
result 6f S''c'h.1 ipovements, asdilean~mortality 6han 
.'the'1960s seem to indicate. Neve rtheless, ate
 

the~~eneaiatod t is thac
idthe effects are widely distributed throughout the age spectrum still 
,'holds. 

.",.This subject is treated mathematically bAI-nsle .,Coafe 5
 



By contrast, changes in fertility affect only the youngest age 
,group. Births either occur or do not occur at age zero, and a drop 
in fertility therefore alters only the number entering the youngest 
age group. As this group becomes older, of course, the overall 
effects on age composition of declining fertility are even more pro­
nounced, but obviously for the first - say, 40 - years after such a 
fall, the effects are limited to the population under that age. Thus 
a combination of declining birth and death rates, such as Chile has 
experienced, tends to arrest the juvenilization of the population that 
would occur if only death rates fell. 

A second basic set of concepts involves the generation of national 
product. The national productior synonymously, the value of total 
output ofa society, is largely determined by the amount of inputs to 
the production process and by the efficiency With which they are com­
bined. This study 'emphasizes conceptual and' empirical considera­
tions on the amounts of inputs, while eschewing a discussion of how, 

changes -in population size and composition, affect the ef(icieicy ofthe 
productive process, of which admittedly'very little isknown, 

Chile is a promising case study for those interested in the inter­
actionbetween population and the economy. It.has already undergone 
,asurprisingly rapid fertility decline,' coupled with the falling death 
rate typically experienced in all countries. Its population• density is 
relatively low by international standards, so that consideration of 
the population problem becomes considerably more than a simple 
calculation of increasing pressures on the man/land ratio. Finally, 
it is one of the more advanced among the developing countries. At 
the same time, however, no one copsiders Chile's level'of income 
satisfactory, and the desire to improve that level is widespread. 

STUDYMETHOD: AND .ORGANIZIATION 

.Usinga standard model for demographic projections and ahigh', 
aggregated economic .model, this study has two ojectives: . 

4 %	Measurement of the impact of fertility change. on aggregate 
and per capita gross national product in Chile 

*4"An appraisal of the probable impact of different levels o. 
fertility' and. different rates of fertility change on required
.expenditures for.education, health, and housing. 

2pe ,
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The choice of GNP per.capita as an overall'index of economic 
welfare is subject-to all'the standard criticisms and defenses. 
While it cannot be: claimed that everyone benefits when GNP per 
capita rises, greater equality in income distribution is easier to 
-achieve with higher,.and*rapidly growing GNP than with lower and 
slowly increasing GNP. 

Education health, and housing have been chosen as areas for 

special attention because they attract the strongest social pressures 
for reform and improvement in developing countries.'. Furthermore', 
'the responsiveness of these areas to fertility changes is likely to 
greater than that of other problem areas such as transport, agrarian 

reformi, i monetary policy, 'orr international ,trade.- Education, ..health, 
and ho sng are directly involved with -births, deaths, , and numbers,

'of :children the essential elements of any analysis relating eco­

nomic -and demographic variables. 

• 'Section 2 discusses the demographic and economic models, and 

Sections 3, 4, and 5 contain projections of population, GNPI, and 
physical and financial requirements for education, health, aind hous­
in espectively. Section i6 discusses. the effects, of.changing fer­

tilityh6nhuaciCapital: formation, and Section 7 contains the. major, 



SECTION 2 

THE ECONOMIC-DEMOGRAPHIC MODEL
 
AND ITS PROJECTIONS
 

CHILEAN ECONOMIC AND 
DEMOGRAPHIC TRENDS 

The economic factors of primary importance to this study are total 
The rate of growthnational income growth and birth and death rates. 

of total national income, in real terms, between 1940 and 1962 has 

been estimated at 3. 5 percent per year by the Instituto de Economfa 

y Planificacion, University of Chile (1963). * Subsequent economic 
growth was greater: the period 1960-1968 exhibited an annual growth 

rate of 4.6 percent (ODEPLAN, 1969). 

Chilean birth and death rate movements, together with the resul­

tant natural rate of increase of the total population, are shown for 

four decades (1929-1969) in Figure 1. Death rates declined with only 
Economicrandom variations from the mid-1930s to the early 1950s. 

uncertainty and the stagnation accompanying unprecedented levels of 
con­inflation are usually blamed for the failure of the death rate to 

tinue to fall in the mid-1950s. Finally, a renewal of the process of 
economic growth in the mid-1960s, appearing unmistakably in the 

economic statistics of the period, is reflected in the renewed decline 

in the death rate. 

The movements of the crude birth rate are no less interesting. 
as in more' highly.The economic depression of the 1930s in Chile, 


industrialized countries, was marked by adecline in birth rates
 

_ 
Readers interested in details of Chile's economic history are re 

ferred to this source as well as Pinto (1968), Mamalakis (1965)', 

and the Economic Commission for Latin America (1966). 

4 
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which was haltedonly by the'economic revival spurred by prepara-

The crude birth rate then remained approx­
tions for World War II. 

when a slight increase occurred. * 
imately constant until the 1950s, 

The birth rate increased from about 35 live births per thousand 

to about 37 in the first years of the 1960s. Preliminary analysis 

seems to indicate that this increase in the birth rate is not explained 
i.e., by growth in the proportion

solely by age composition effects, 
Instead, fertility

of the female population in the most fertile ages. 

to have increased slightly. Of course, the mos-c re­
itself seems 
markable change in Chile's birth rate has been registered in the 

Both the birth rate and fertility reached their 
most recent years. 

highest points in 1962 and subsequently declined.
 

Such declines in fertility are not unknown-in today's developing 

Other Latin American countries have also registered
countries. are -compared with
declines. Crude~birth 'rates of four of these 

those of Chile in Table 1; in addition to, the countrie s shown, te e 

crude birth rates of the Dominican Republic,. Guatemala , and Argen­

tina have undergone lesser declines. However, allowaz,..es must be 

made for underregistration in the statistics. of many,of.these, coun-

The decline in Chile's crude birth rate since 196?2"is all the
tries. 

still high by the'stan­
more interesting since, although the rate is 

it is considerably lower than
dards of the industrialized countries, 

that of most other Latin American. countries Indeed, among , these 

countries, 'only Argentina, Cuba, and uruguay had lwer.birth :rates 

than.Chile's during the early 1960s.". 

can be explained
*Anapparent sharp jump in the birth rate in 1953 

benefits toblue­
by the extension in that year of family alowance 

This resulted in an increase of registrations in 
collar workers. 
the Chilean Civil Registry in order to qualify for the benefits. 

counted in the official statistics in the year in which.
Births are and 
they are registered rather than the year in which they occur, 

probable that not only were previously unregistercd children
it is .re­but also that the lag in registrations was
registered in 1953, 

so that fewer 1953 births were recorded in '1954.
duced 

6 



SECTIO 

Table' 1. Crude birth rate (CBR) declines in 
"Latin America.-r 

.,.++.+'+inl+,+ " +:.. Highest CBRa ' 
y. YoHi06o CBR in 1967 

Countryr Amoun 
C 1962 37.5 30.5 

Colombia 1962 44.1 35.Ad 

Costa'RicaC 1954 083. 

Peru:~ :1959,, 39.1 30.1. 

.Puerto Rico 1952 36.1 ., 26.2 

Notes:: 

a
* From 1952 to 1967 

From Servicio Nacional. do: Salud (1969),. 
C.From UN, Demographic Yearbook(1967) 

Incomplete registry. Economic Commission 
for Latin America (ECLA) estimates for 
1963-1965 place the CBR at 44-45 

In 1965 Chile's National Health Service,(SNS) began its officially,,­
sanctioned campaign against induced abortion; one elertent ofwhichi 

iwasthe provision of contraceptive materials .and - suppliesthrough:.: 
the countrywide network of SNS health posts. However, caution' 
m ust .be exercised in as cribing-a cause-and-effect relationship to 

'the SNS camp-aign and the observed drop in fertility. To date, no 
nationwide study has been completed on the quantitative importance, 
if any, of the family planning element within the official campaign 
aimed at reducing induced abortion, although the matter has been 
assiduously studied at the local level. * The declining birth rate 

See Pugadia et al. 'Faundeset a. ((67),11.68),1 and' Vieand
 
Lucero (1970).,
 

,:,. :+: ,+. , . • . . .. 7 
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observed in the 1930s is evidence that fertility can fall without the 
aid either of spectacular breakthroughs in contraceptive technology, 
such as the pill and IUD, or of officially o-onsored family planning 
campaigns. Individual decisions on the practice of contraception 
are made in the light of individual interests, and although official 
policy can be of influence, it is not a necessary cundition for de­
clining fertility. 

THE DEMOGRAPHIC MODEL 

The demographic model projects future population size and com­
position by subtracting deaths (disaggregated by age and sex) and 
adding births to a base-year population. Net international migra-. 
tion is assumed zero. Details on the model and its adaptation to 
computer calculation are given in McFarland, et al. (1968, No. 23); 
only modifications that have been made to adapt it more closely to 
Chilean conditions are described in detail in this report. 

Death rates (or more accurately, age-sex specific survival rates) 
are those used by the United Nations 'Latin American Demographic
Center (CELADE) and its most, recent Chilean population projec­
tions, :which are, in turn, adapted by CELADE from UN.model life 
tables. 

- Theistudy as a whole analyzes the implications of three different. 

assumptions on the future evolution of Chilean fertility. None of 
these assumptions is meant -to'be'a prediction.T echnically'speak­
ling, each isa vector of age-specific birth rates whose:elements 
change -over time. .Aidescription of each follows. 

:Futuie Fertility Assumption "All 
The-.first. assumption,, identified thrdughout this atudy~as" , 

postulates: constant agespecific fertility rates at the levels observed 

. The CELADE projections (Morales,: 1969) evolved from earlier:'
CELADE estimates (Alvarez, :1966). These projectibn. haVe 'bee n 

,,given official status byi the (Chilean) Corooracion de Fomento de. 
la Produccion (CORFO) (I970): 

I 
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6in19. Thgros rate-of reproduction GR) asummary mea­

qsureof fertility level atea pointhi:timie, ,was. I'5 in tiat year. T 
fertility level is compared;in Figure 12 with those of the other two 
ASsumptions about change. 

The 1960 level represents what might be called a "historical" or 
"postwar"level of fertilit'y whose econmic -and demographic effects 

serve !as' a ben'chmark for comparison 'with subsequent lower level-
Although ~a !fertility decline hasbeen observed since 1963, the 

conditions posed byassumption "A" stiliappear important. Fer-, 

tility declines are not necessarily :permanent or irreversible;, as' 
demonstrated by the so-called "baby boo '" of the United States dur­
ingt e 1950s. They result froim varying and.imperfectly under-' 
stood:causes. Economic depression is:associated with fertility; 
decline, as seen'both in Chile and the United States during the 1,930s 
On the other hand, economic distress did not accompany the falls 
observed in both countries:during the 1960s. 

Thegro*ss rate' of :reproduction. may be various ly: interpreted,..:_ It. is 
the:average number of female.. children'born per: woanin the fer­

tile ages-, gene rally taken t'o be ;l5-.45 or. 15;I49.t may als o:be, 
vieWed as the sum of the age-4specific,,birth rates of females to 

'women in the seven aqe;cohorts ;from 15-19.through 45-49: 

men, in omtotal in irths 

i -1~l9, 

where SE= i7the proportion of female births in total births 

b., the number of births, to women' in age-cohort _i 

the nuiimber of Wome iage- cohort i 
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c?ASSUMPTION A, 

!
2. 

'8. 

2.0: 

''MPIO'I' I' 

':' ' •10 ;" 

, 2C
10 1960 ' 1960 

YEAR, 

Figure 2. 'GrossreprdUction rate i, ,Chile under three assumptons 
f fertlity,"1960-2000. " 

Future Ferti ity Assumption B1 

The :second assumption ("B") dealing with ertility chiesii' 
one made-by Morales. (1969), for the Latin-AmericanDemo-,licaies

graphi'c' Cente'r(CELADE)' Chilean fertilityis already. slightly 

muy rapidof de
'lower' than the 'CELADE estimateslabeled-! de censo 

rapidly declining Ifertility)', which were the
la fecundidad" '(very :. 

lowest of three projections made by.-CELADE.; The. lowest estimate 

adopted because observed fertility.declines have already slightly
was 
exceeded those postulated. The age-°specific birth rates associated, 

over time are .compared!
with the lowest estimate and their changes 

rm1960 tio1969.
in Figure 3 with the GRR's, empirica1y fobservedi 

Future Ferility Assumption "C' 

a more dramatic fertility decline, one . 
Assumption IICI reflects 

on future Chilea.n birth.,
that might effectively place a lower bound 

rate possibilities. ' It extrapolates linearly the fall.in fertility levels 

observed during the 1960s until a set of rates is reached:that woluld 

be consistent. with an eventual equilibrium rate of zero:population 

A10. 
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PROJCTEUOJECTE
 
IF P~~ROJECTED ORR" ! .,,, . .. ,
 

*A2.0 

"
VOBSERVED 


I.V 1965 - 19681960 '16 1 .1963z 1964 1966 1967 ';";196 
-* * ".....": " .. '' ''":": ' YEAR ­

Cli!e, 
1960-.1969,:using CE LADE-based fertiI ty assumptio B.

Figure 3. Observed and projected gross reprodu.cton rite hi 

growth and withan average family size,of slightly,:more-:thantwo.: 

children. Under assumption IC" these birth rates: are attained 2il 

1985. 

Fertility consistent With the two-child familyand a zero rate of 

population growth do not produce that ratte:instantaneously. Stable 
populations need not be stationary populations and, givenChile's 

'
 r
initial age composition, would not-be. * Its population would!ii:no 

become stationary until the fourth decade of the 21st century-under 
assumption "C". The GRR. implied by this postulated change ,is:.i,".... 
compared with assumptions "A'.' -and "tB" 'in.Figure 2. 

See;: for example, "Bogue 1a969), ha ti Zand its references.' 

:i1
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. .i+,,; -+ th h •+s, M g,, ab -f tu e . .. .u
~Th~., te; three'a-ssiiuV tn abutiuue fer'tility change caibe 

summarized -as: 

-A 	 High fertility at. the traditional level, repitcatig ,mar. 

observed-in,1960;', 

B An official CELADE projection, denoted by that organiza­

.tion as a very rapid decline in fertility 

C "-Fertilityrates consistent with a two-child family in a
 
Aa+nnavanhir-Allv stable nonulation.
 

It is -probable that projected changes under assumptions A ana tJ,.­

place'upper and lower bounds on the fertility. levels'and, hence, 

influence strongly the population sizes likely to be observed in Chile 

iuring the remainder of this century. 

IHE ECONOMIC MODEL 
,The economic model is essentially a s3traightforwa'rd Application 

. Outputcf a Cobb-Douglas production: function toChilean' conditions. 

is' generated by inputs,to the economic process; these inputs are 

Labor, phsical capital!, !and,technological change. ' Exponential : 
weights were assigned to the labor andi.capitalinputs n the produc-. 

tion function on the basis of, and equal to, their estimated partial 
wereoutput elasticities. These elasticities, • in turn, set equal to 

implying constant returns to scale in the production process.one, 

Labor 
The size of the.labor inpu~t is,ca1lated, from the application of 

age-sex specific participation, rates to the population size and-com­

position generated by the .demographic model for each, future year. 

""The linkage between the economi.c model'and the demographic model 
,Elab­described in this report is explored in Enke and Zind (1969). 

:,:oration andapplication of the model to;computer calculation is d ­

scribed in McFarland: -et al (1968,,,No. 23).'. 

Some isupport-for such weights appears in' Harber ger. and Selowsk
 
(1966). The weights chosen and the basis for their selec tionare
 
disc'issed ,in.Appendix A. .
 



-SECTIO! A,2 

,lthoughthe'fertility and mortality parameters for the demographic. 
model are ,exogenously specifiedon a judgmental basis, their use is',!.: 
reinforced by, their, similarity to r7many of the assumptions of-the NUN's 

LatinAmerican Demographic Center (CELADE). 

C'apitolIStock
 

The original rodel ignored foreign inve-stment' and .c nsideried'
 

only an economy closed to: international trade -and transfers. Thus
 
capital stock in each period wasgenerated entirely by' domestic*sa
 
ings of the previous period, whichr;in turn- :ependedonthe:
level of
 
per capita' income and the size of the popiulation in the previous,
 
period. Foreign -investmenthhowever. :ist historically, an importanI
 
source :of investment in Chile and:has probably been' more directly:
 
motivated-by natural resource expiitation than,by. any other single
 
economic stimulus.
 

:Based on these considerations, the model was modified to add: 
toreign, investment-or. more.,: accurately ,, net capital inflows ..:in­
cluding:.loans, direct investmeint; and capital transfers.:,z Thtse'4 
inflows were given an initial value which was assumed to decline 

.until the end of the century.. :;Interestingly, enough, .. his assumption 
about the likely decline, of foreign capital inflows was built -into the, 
model before the socialist victory in the presidential electionof 
September 1970. Events since that election have borne outthe like 
lihood of future declines in foreign capital inflows. 

The matherriatical form taken by the savings function can: be de­

scribed ,as folloWs 

Y =C+5S 
t t t 

S " . ' S 
t c;t f' j 

S (l- bt) 

f '13 



71TMP-56''
 

where 

t 	 =- sUbscript, indicating time 

Y= GNP 
o - consumption, including capita consumotion allowances 

S,-	 savings, 

S 	 =rsavings by Chileans ! 

= net, savings rom abroad,.' 

c 	 =:marginal propensity to consume out ofUGNP 

P 	 4population size 

c 	 regression coefficient, linking absolute population 
'size to consumption 

= 	 annual rate of decline:of foreign savings, starting 
with the initial period. 

Thus ;' the explicit recognition of the .contribution of foreign saVings. 

toeentual capital formationi representsia modification, of 'the, 
original model.. 

Technological Change 

Finally, technological change was introduced into the production 
function. Its- contribution; to output grows i"exponentially withi-me 
and was set, somewhat arbitrarily, at 1percent perIyear.- Thus, 
projected output would grow by 1 percent per year even in the. ab­
sence of changes inthe inputs to the productive process Techno-. 

logical change of the magnitude used can be inferred, although not 
rigorously, ,from sectoral production studies, made by JereiBehrman 

.in:1968-1969,for the Chilean National Planning Office (ODEPLAN). 
However, the 'choice of'this parameter is not critical to the results 
of the model, as shown in the sensitivity testing results of McFarland,,­
etial.! (1969):.*' 

Asian Drama also comments on'the whole question of 
;'the sensitivity of economic-demographic models to parametric 
'.change. There he questions the conceptual robustness of the 
u.se of zeteris paribus assumptions in models of a similar class 

'Myrdalin 

14 



SECTION 2 

:Output in each, year,. then istheproduct of the amounts of physi­

cal capital and the labor forcei each weighted by appropriate partial 

elasticities., the amount. contributed by technological change in that 
-year . and a constant term" 

rHE DEMOGRAPHIC PROJECTIONS 

Population 

The demographic.model generates projections of total, population:, 
disag'regatedby "sex an by5-year age cohorts., Obviouslythe over-; 

all"isize of the ;population is the denominator in the quotient of GNXP'­

per'capita. O0ne of the goals of this-study is-to illuminate the- rela'­
tionship between population size and total production. Aggregate GNP 

is .not constant under varying'population'size '•partly because the labor 

force itself is drawn from the' 'population as 'a whole and varies with 

fertility levels and, hence, different resultant population sizes. Thus, 
to make esti­the demographic model provides, the frame of reference 

mates regarding the labor.force by facilitating computation of the size 

and composition of- the popuiation.. 

Starting from'an initial population of 7. 683 million in 1960, and 

using the three different sets of fertility, assumptions outlined pre­

viously, together with a single set of assumptions concerning mor­
tality throughout the projection: p'eriod, the"demographic model has 

been used'to projectthe population sizes shownin Table 2. The 
tabie shows the increasing force -f sustained declines' in fertility; 

t he ,projectionbas d on traditional (1960) fertility yields.a popula­
tion 43 percent and 66 percent larger than those of projections B1and 

The crude birthp-rates.C, .res6pectively,- by6the,'endof.the. century. 
(CBR) and crude death :rates, (CDR)' that.accompany: these changes 

are shown in Table. 3. 

are7The 'calculations of dependency rates, shown in Table 4, 

even more jrevealing. ThejVenilization: of't e population ui der icon-, 

tinued high birth rates is apparent even :though: the Chilean. birth 
'
 

rate.,at its traditional levelis not-as high as:.the rates. -exhibited by", 
some other Latin American countries.: Nevertheless,..traditional 

Chilean fertility levels: lead to-steady increasesinthe proportionof 
606oOpeople aged'.",the population less than 15 years of age:, for eachl 

15, Jand by the year !ZOO0:';15-64 in. 1960 there are :71 childrenunder 

the number increases to 78.
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Total population of Chile"(thousans).'Tbailo2. 
-	 i'Y " , Frt Astions 	 Ratio of 

____ A B C A/B A/C 

1960. 7,683 7,683 7,68 1.00 1.00 

1970 9,932 9,575, 9,547 1.04 1.04 
' 1980 	 13 112 11,591 11,295 1.13 1.16 

190 	 14,1 285 1.6. .37,
-17,650 


200 	 2398 16,803", 14,465 -, 1.4 16 

Table3 ' 	Crude"birth rate (CBR)-and crude death rate(CDR) per thousand inthe Chleoan populatior 

- . CBR Under-; ,CDR Under 
Interval,: .,,,..; FertilityAssumption ' Fertility Assumption 

A B ,C, v A ,: B C 

1960 37 .,35 35 :12 12 11 

.970,: 37. 28 27 10 .9 9 

190 '37 27 17 8 7 

1990 36 25 .19 . 6 . 7 7-­

2000' 4_ 24' 118 5 67 

_ 

Table 4. 	 Numbers of youth and:old people' per hundred 'persons
.in' thepopulation aged 15-64 underdifferent Chiledn 

fertility assumption.. 

Asiumptin A, ' AssUptnB ','AssUniptin C' 
- Total in" 	 Total in ' Total in' ':"*' . " 

, D pe ; ;.,:-c'. : ,'Pe e 

Y'sOben-.vt You-L ""Old' .'Depen- ' Old Depet O.d, 
e-ut , People det Y uhPeople dent, SPe 

Age" ___Ages Ages ' 

1960 79 71 8 79. '71 8 ' 7 ' 71 

1970 81 731 74' 66' 8 74, 66 - 8.­

1980 83" 75 8. 63. :, -55 8 5 51 '
 

.1990 86 78" 8 61 52 9 50, 41 9 

2 86 78 8 60 50' 10 47 37 10 

16'
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These-movements contrast strikingly with the. projections in
 
which: iertiiity falls. In projection B, the officially estimated fer­
tility decline, the number of dependent youths falls from 71 per IOC
 
to t050per 100 by the year 2000, while the more extreme but never-"
 
theless realizable two-child norm assumption (C) leads to a.
 

.. eater,; more abrupt decline. 

SThe lowv,r relative numbers of dependent youths (definitionally, 
thoseeiss than age 15).in the latter projections are offset only slightly 
'by increases 'in the numbers, of those 65 and older. Thus, for ex-. 
Aample, while the proportion of dependent youths in the two-child­

: "normiprojectionisfalling, from .71 (perIl00.inthe-I':working ages" of 
S15w64), to 37 by year 2000, the numbers of old people rise from 8 
per1OOto 10. 

The potential economic impact of these changes in the age struc­
ture .of the, population is obvious, since the productive labor force is 
drawn almost exclusively from ,those aged 15-64. Although some 
outside those ages do indeed work, especially in ruralagriculture 
aiidin .Jurban comLmercial and service occupations, their productivity 
is',very low by any standar d Furthermore, societies attemptingto, 


industrialize universally favor long periods of education for.:youthi
 
and social security benefits, for the elderly.
 

Labor Force 

Tfie.foregoing changes inrathe age composition of the population, 
translate themselves fairly readily into -changes in the labor force. 
Age sex-specific labor force-participation rates are multiplied: by' 
theinuimbers in-the work-age population to calculate labor force: size.,: 

-The results of the labor force projections are shown in absolute
 
numberss:in Table 5. -Ratios -'of.'the projected labor, force to total'...
 
population and the *
1working, age:-population appear in T able..6. 

-Th'e age-sex specific labor force participation -,ratesWwere- derived 
as ifollows::.:for 1960, census-observed rates were used for both
 

.
males anii 1980,i.;rate' deducedfor both malesnd females;. ,for s were 
adfemales 'fromprojections, CORFOG (1970);ifoz, year200,given, in 
the1i980rates :we reused for male age cohorts-25-49, while rates" 

f7ryounger and older men werelinearly, extrapolated from, the, 1960 
:and 1:980'rates, :andurban female participation rates for: 1980 were . 

assigned o the whole female labor force. inanticipation of increased 
urbanization, and lower fertility. Values for'intermediate years-wer 
iog-in early interpolated. 
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Table 5. 	 Projected Chilean labor force 
under different fertility 
assumptions (thousands). 

Fertility Assumption CYear A B 

1960 	 2,363 2,363 2,363 

1970 3,077 3,077 3,07 

1980 4,133 4,096 4,09311 

1990 5,550 5,119' 0 

2000 7,621 6,219, 5,8681 

Table 6. 	 Chilean labor-force-to-population ratios under different 

fertility assumptions (percent) 

Ratio to Entire Population Ratio to Population Agei 15-64 

Under Fertility Assumption Under Fertility AssumptiOniYear 
C 	 B CA B 	 A 

55.1 55.1.
30.7 55.1
1960 	 30.7 30.7 

56.1 56.1 56.11970 	 31.0 32.1 32.2 

*'i57;5 5.5 57.71980 31.5 35.3 36.2 


1990 31.4 36.5', 39.4 84 58.9
 

59.8i2000 	 31.8 37.0, 40.6 , 59.1 59.4 

not affected by fertility decline/for, ,',V 
- Absoluts labor force size is 

15 years, and even then the subsequent changes proceed only slowly 

Thirty years after the onset of falling birth rates the labor force: isr 

less than 10 percent smaller under fertility assumption C than under 

traditional levels of reproduction. 

When the focus changes from absolute to relative labor force, size,, 

the picture is altered as seen in Table 6. The ratio of the
however, 

but those actually
ltbor force -not just those age-eligible for work, 

the overall population rises by a single
employed or seeking jobs -to 
percentage point in four decades under conditions of traditional fer­

or nearly
tility. But with lower fertility, that increase is either 6 



:,.SECTIQN 2:
 

10 percentage points, depending on the. as sumptions. The projection
associated with a two-child-norm :(as srnption C) as "40.6 workers 

per 100 or one-third more-in the population by 'the .century's end as 
compared with only'307 i'l 9O .. 

The impacts ., these prospective- changes-on total GNPan on, 
,GNP per capita are explored subsequently. .*The degree of latitude 
given to the developing economy by these changes', otherwise,rniade
impossible by the youthful composition of the population, is. oneof! 
the' central mechanisms,: if 'not-the. central mechAnism, by which fer­
tility decline produces its effects. 

THE ECONOMIC PROJECTIONS OF OUTPUT 

Superficially it might appear that larger popul~tions iouldbe 
associated with larger total output, regardless of the relationship ' 
between*epopulatxonu11n'otisize and output per Capita. But, as shown in 

,,T.able 7, -total Chilean GNP is z almbast completely unaffected'.bh fer' 
til ity until after 1990.,The labor fiorce-after 30 years is only1,ljOper­

cent lower under conditions of rapid fertility decline than it would be 
under historic fertility levels and, as seen in Table 8,.where thlin­
puts to the production process are detailed,i this".relatively-smaller, 
labor force isalmost completely offset by a higher capital stock. 
its Ifthe resultlof the process of 'saving and investment. 

The size^ of output is completely determined',by the size of the : 
labor force and 'capital stock inputs, and by"their elasticity coeffi­
cients. 'Like the labor force inputs, the stock of physical'capital-is 

'
influenced by population At some (presunably low). level'of GNP. 
aggregate savings are zero for any given population, with the abso 
lute size of that GNP associated with 'zero savings increasngwith' 
population size.: As GNP exceeds this zero-savings level, savings' 
become increasingIvl'vositive . 

During the initial decades 'of the piojections-total GNP is notabl) 
insensitive to the differences among the three fertility assumptions, 
while population sizes corresponding to these assumptions increas­
ingly, diverge. Since savings flow from the excess of GNP over the 
zero-savings level in the model, higher fertility increases the zero 
savings level of GNP and reduces resultant amounts of savings and 
capital formation. Thus, larger additions to the labor force are 
offset by smaller additions to the capital stock. The net. results o 
these counteracting forces on GNP are shown in Table 8. 

http:unaffected'.bh
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Table 7'."Summary of Chilean economic projections, 1960-2000. 

Economic Fertilt, Assuption Ratios: 
Indicator Year A B C B/A C/A 

Tota'GNP­
(millions of. 
1960 escudos)a 1960 4,080 4,080 4,080 1.00 1.00 

:1970 6,078 6,101 6,102 1.00, 1.00 
.1980 9,429 9,556 9,569 1.0 i'. 01 
1990 15,022 14,934 14,951 0.99. 1.00 
2000 24,814 23,303 22,847 0.94 0.92 

Average Annual 
Rate of Growth­
of ,Total GNP, 
1960-2000
 

.(Percent) 4.6 4.5 4.4 

GNP/Capita, - • 
(1960 escud .. 1960- 531 , 53 1.00 1.00 

1970, '--.61 .637. ; 639. 104 :I1.04" 
1980, 
1990-

7 9% ',824 
I511:i •:..1,065 

847. 
1,163 

..15 
1.25 

.1, 
1.37 

2000 1,035 1,387 ,579 1.34, 1.53 

4AverageAnnual a . 

Rate: of Growth 
,of.GNP/CopiFa 

a 

(pecen.,, 19601. 1.41 6 1.6 
S -1970. 1.7, 2.6 .2.8­

1980, 10.; 2 77 3.3 
'199 2.0 '2.6 3.2 

, 2. . 72000 . 

S1960-­

20001.7' 2.4" 28, 
Note: 

" In 1960, the Chilean escudo was worth about one U.S. dollor. " 
$.Spifcally, E 1.05 $I .00 . - i', . ,l 

:/20
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Table 8. Inputs toW.the Chilean production process. 

S I ,:,..Fertility Assumption Ratios 
4 	 C/Anuer" ?A 	 C i 7B/A 

LaboeForce­
(thousands) ' 1960 

1970 
1980. 

2,363 
3,077 

.4,133 

2,363 
3,077 
4,096 

2,363 
3,077
4,093 

1.00 
1.00,
0.99 

1.00• 
1.0

::i0.99'' 

199'0:5,550 5, 119 5,068 0.92 '0.91" 
2000 7621 6,219 5,868 0.82 .77 

Cap ital Stk 	 . ,
(billionsof	 

, 

1960 escudos) 	 1960r 10.3. 10.3 10.3 .0'0 100 
1970 14.4 14.5 16. 1.01i 1.O1 

104: '1.04
'11980,121.2 20. 

.199035.235.6 .07 1.09 

-200.0. 535 57.8 58.9,.1.08 10'; 

Note:,, 

Iln addition to labor and physical capital, technological progress is included: 
ntagr egatepouctiOn funiction -,and iSassumed to proceed i these" 

projetions aat adrat percentperyear..-. ' " 

Tu nihg)to the' 4evolution of GNP, per -.capita,';*Table-7lists the pr­
ults".forbthe thr'ee Chilean fertilityassu tions. Evenjetionjre 


under historic fertility coiidtions, GNP, pe r capita' almost doubles :
 

over. the' 1960-2000 pe riod r nearly triples under the lowest fer-:.,..and. 

tility case. The model supplies answers. to many other questions 

bearing on the projected Chilean economy. Table 9 shows, for in­
given leveis under':stance, :tie.years:that per capita income reaches 

The table indicates that future-Icon­
the three fertility assumptions. 

rate would be regarded by a significantly faste3traction's in the birth r 
rate of growth of-per capita output and, hence, a reduction in the 

.perio d required to,.attain given levels of this index of economic de-

Chiles '.already moderate rate of population growth, in'veiopment. 
comparison with that of other developing countries, makes such a 

cOnclusion:all the more striking. If the strength and growth of the 

so-called "rising expectations" are as great in Chile as they are 

comronly thought to be in other developing countries, the possibil­

iItiesJ o. reaching the indicated levels of GNP per capita a decade or 
-more earlier in the lower fertility cases than in the high should be 

emphasized. 

21,,:. 
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Table 9. Year in which Chilean GNP per capita.
reaches a given level. 

GNP/C Fertility Assumption/Year 
('960escados)iA B.C
 

800 .1986, 1979197 

1000: ,,1998 1988 1985 

1200 after 2000, 199519 I 

Regarding.the. model's sensitivity to parametric variations6,an. 
extensive series, of tests conducted earlier on a slightly simpli
vaiant ,ledto the' following conclusion: 

"The insensitivity, of:projected, GNP's: to changes in the 
fertility assUmptionsdominates .ll of the.!principal 
economic conclusions .... . This important 'conclusion 

is independent of the choice "ofeconomic parameter.. 
values within very brG,-d ranges".L* 

This conclusion is generally applicable tothe present model. It 
is reinforced by the very small differences - well within the orders 

of magnitude noted in McFarland, et al. -(1969)- that accompanied 
changes in parameter values introduce-dwhile, experimenting with 

the model at earlier stages in this study. ,The selection of param­
eter values is discussed in detailin Appendix A. 

McFarland. et a. (1969)," ae 6' T studyfurtherdemonstrates 
results ar'e sensitive'..that although absolute values of the ec'nomic 

toprmeticiain te. retive".4ahiis achievedtruh 
ilysenisitive.'.

chne 8i h assumed. ertiitylevi e 'arenot sim 
See.8 and passim. 

22 
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:ZEDUCATION 

PRIMARY AND SECONDARY EDUCATI!ON
 
This section reviews the impact of the three different fertility
 

assumptions- on the resultant school-'age population size, on require­
ments for teachrsand schools (given certained ucational norms for­
mthese items), and on expenditures necessary to provide education. 

Among Social expenditUres, education is affected, most.strongly
'by changes in human.fertility. Section 2'shows that changes in fer 

-tility affect the absolute and relative numbers of young people more',
;quickly and morestrongly than other groups in the population, and 
:edcation. concentrates its spending most strongly on the young. .By 
!.contrast ,the .age distrib tion of expenditures both in health and in+ 

'haoiiing are notso' strongly affectebd 1y changes in the size of the 
most ,youthful cohorts in the population. 

Spending on education in this study is calculated by a general' 

n~thod to be applied to all social expenditures, both'current and 
capital. Details on the general framework and its application to
corputert-calculation are contained in McFarland' et al (196 8. No 
2z3)?..
 

,-.Currentexpenditures include the average expenditure per teacher 
ih,tle-systemi. an aniount comprised notonly of s'larieds, but a soS-of
 
n capital items of supplies .and equipment. The latter:4fn"dts are,
 
.however, .unimportant. Ernesto ,Schiefelbein (1970,..No.. 34), .former,
 
Director of thei, Chilean ,Oficeof Educational ' Planning, notes that of
 
the 

n _i apenditure S"by the Mixiistiy ,ofEdu a tion, remune rations' ab­
: ket: .! P. , ' 

6; -:i , b . , , 

sorb1 nearly . thewhole budget ". 

tion costsi: of schools :and'the :costs ofprdviding university trinig" 

fdr prospective teachersi.-. 

.The-treaitinexint of .teacher"' ftraing 'ifjsfo" fBwen ha 
(1969), who -onsider s 'teachers as rented from:the economy ;their 
traning costs being competely ref ected by the rental payments.. 

tt23 
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' 
The, changes n, spendig necessitated by the three fertility assump­

tions are, each related tothe different numbers of school-age popula­
,LTable 10 shows the numbers in the primary schooltion present. 

-ages, here taken as: 7-14, the secondary school ages, 15-18, anduni 

In the context of the educational reform, the
virsity ages,' 18-24. 
first: group would be those eligible for educacii~n basica, and the 
,second for educacion media in its two different varianxts (scientific­

humanis tic and vocational). 

Table 10. Projected Chileoan school-.ago population 

n Year.r ' ",A:.:: B -,.. . :"%.CNuAe r e t wfSu Fertility AssumptionNumber of Students and 

Average Annual Growth Year A B
 

Primary School Age (17-14) 
(thousands) 1960 1,439 1,439 1,439 

- 11. ..... I . ... ..... 11970, 1,937 1,902 1,9000..4 " 

1980 2,523 2,001 1,4 
1990 3,484 2,.262 1,874. 
2000 4,772, '2,704' 1,879 

Secondarhou.ol Age.l ) 1960 '590 590 .590 

1970 ' 812 812 . 8,2 

1980 z1,054 9761 971 
1990 1424' 103496k 

2000 1,376 1,217 909 

916
Uve9sityrAge (18-24) 191.6 •-916 
*• 7(thouads),1,220 1,29 219970 


1980"1:1, 1,65M9 1,4 1,'639. 
19900 2 160 ,735" 1,692' 
2000, 2,988 ,'1,5 1,640" 

Average. Annual Growth 
, 2 .Rates, 1960-2000 (percent) ,. ,*... 

Primary School Age .97 .59. 0.68 
Secondary School Age 2.14 1.82 1.09 
University Age,_... 3.00 1.91 1.47 

24:';
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The tablea points'upth e ,prssures Con' te'.systrn by the enid of the' 
centuryI Even if ,fertility contilueSso fall as-in'assump'tion B, there
will be .800 thousandmi 

year, 000tanther are ow;. and wel -over a millio moe than ther 
were in 1960,. The table also shows,, hat' would have happened ifd fer-,: 
tlty,had ,not.decned ,during the decadeeof the 1960s:. children of 
primary sch oolage would more than"double by century's ,end over, 
their present' level. That number, 4.'772 million, would repie-sent 
rmo re than three times the number eligible for education in 1960. 
.,Further, since the youngest age groups are most strongly and most 
quickly affected by fertility changes,' it' would have been possibl'e to 
make an, even more dramatic comparison by including six-year:olds 
and possibly even five-year-olds among those eligible for primary
educ'ation.,. By contrast,' fertility levels' consistent'with the two- . 
child family (assumption C) would result in a number' of'primary,. 
.school age children more or less constant in absolute terms be- . 
tween now and the year 2000. 

The secondary-school-age and university age groups are ,less
 
quickly affected by. changes in fertility,-occurring. after. 1960..:i Thel
 
lag of 1-5 years, in the case,-,of, potential: secondary studentsV and .1lA.,8
 
years Lfor would-be university entrants, results in both groups; re>r
 
maining unchanged by fertility decline until after 1975. However,
 
once the'lags :are overcome;.-both groups are: affected almost-as;.:
 

strongly as the -primary age ;'group. 

- The other findings of this.section are directly related to num-,. 
bers of potential students. Application of educational standards­
.and norms to-these potential students: provides figures on.desired. 
human resources and.physical facilities in education,, and calcula-.. 
tions of the costs of these ,yield information on the expenditures. 
implied by the size .ofthe youthful population and the nation's-educa , 
tional. standards.". 

"- The enrollment ratio is an example of these 'norms".:. The: Chilean. , 

educational reform has a goal of providing-the. opportunity to',all. 
Chilean ,children to achieve basic literacy. At present, enrollment 
in .primary. schools is :about 85 percent of.those in the primary.ages. 
Thi'"sstudyi postulates- its moving to 95 percent: in the'.next .decade.;.-. 
At thesame 4time, :social,pressures demand expansion. of the sec.-.. 
onda.ry. systerm.; "Estimates-of possible enruliment ratios, appearin ::, 
Table 1. 
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Table 11. 	 Projected Chilean enrollment ratios 
and classroom space. 

SpacperStudent 
2a


Year ..EnrolmentRatios
Primary Secondary Primary Secondary 

0196 0.79 , ..-., 0.26 .5 2.5 

1970' 0.95 0.5V.5 2.5 

1982 .00.95 0.50 1..3.3 
.990' .95 0.60.2. 3.3 

200 095 0.60, 2.03. 

ason Schiefelbeiln '(1970,. No. 35)" and interviewswith 
education planning officials. 

i s
Two"-,more no m ,allow estimation of the.required: number ofi 

teachers and the necessary physical space to house education­
programs. 

The student-eacher ratio .now;is, about1l:37;, this is projected to 

change, to 1:35 on the basis of Current!planning documents.- A, 
teacher attrition factor of 3 percent per year was also estimated on 
the samebasis.
 

Space"in school rooms represents a combinationof-two estimateL. 
: ;..the space,perr pupil,(which'varies with education 'standards.)rand,the 

,

extent' of shift operations., :In calculating ,:schbol plant: additions..;,, 

required by increasing numbers of students,.,replacement- of existing 

edcational plants due to physical deterioration must-also!be ' taken , : 

into account. On the basis of information from the Sociedad Con­
struct0"radeEstablecimientos Educacionalesi,4;percent per year: was 

used as- the depreciation rate on physical'plant. 

- The',costs to train new teachers vary withtgrade levelr to neT:aught, 
'
.
 

subject, and so forth; but the average cost-to :train-a teacher in the :

university, after making appropriate correctionsfor drop-outs and 
for students who take .longer than theprescribed periodto _complete. 
.theirdegree requirementsis about E 2700 (in escudos of: 1960) 

26"
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SCosts: of iconst ructing anid equ~ippi~g' s chools .have .fluctuate ove r 

the 	years, in part because the composition of -school costruction,: 
E° 
has varied. An approximate average of 98 per-square meter, 

(again, in1960 escudos): was obtained from calculations made. by­
the' Soc'edad Constructora de Establecim, entos Educacionales. for, 
cofnstructinig and. equipping classrooms. 

SIn considering costs to operate these facilities, aver 
tures per teacher were calculated using. the observation,'mention 

above,that salaries, comprise the overwhelming bulk of educational, 
spendihg. Three options were considered for treatment of future 
L. zeas es:'in pay: 

1.-Treating salaries as constant over time. This approach was: 
discarded since income per capita, and more significantly, 

.-income per worker, rises.in each projection over time- Thus: 
constant salaries would'anoint to-relative wage declines 
which appeared to be an unrealistic assumption. 

,,2,.Raising expenditure per teacher by the. relative amount,.. i;:e 
by, the percentage,: that GNP per worker rises in-the variou 
projections., This: approach implicitly assumed that .wage-,., 
differentials between those employed in edilcation an th~s 
employed-:.elsewhere" remain constant. 

i3'	Recognizing the possibility that'increases in!relative pay 
might'be necessary to attract-the increasednumber of 
teachers required in some of the projections andin some 
periods in'the future. Such an approach assumes a labor. 

.market initially in!equilibrium but requiring a higher. pay::*. 
diffe'rential for educators if!shifts are'to occur toward educa­
tion 'in'the co position 'of the labor force. 

The: second 	 adopted,. since themoceLrrepresented byWptionwas 

the third is less applicable to.Chile than a job'vacancy model. The 
jobvacancy mod'el characterized by the second 'option implies that 
employment in education is limited'not by lack of labori supply but: 
by .demand ..conditions. Howeve r, the professional: labor market:.,' 

was not ;studied in.detailz in order to substantiate this view. Thus, 
the possibility remains that higher differentials' than those pres.-, 

ently observed might be necessary,-m the future. 

.:Using the sec'ndioptiniiexpenditures per teacher (in escudos of 

1960) we re ..'estimated:!"to: be"',,E ° .4900 in" 1970 growing to about:. 
9°i81 00- 9650 by'the end',of the centuryj: ' depending on the popula. 

tion projections used. These amountsrepresent not only teachers" 
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salaries' 	,but the total current account expenditures of the system ­

are contained in Tables 12 through 14. 	 end, YBycentury'stpreary19:" ftici
 

enrollment (Table 12) in the event of a continuing fertility decline 
il ibe slightly ' more than half that:which woul"d occ"ur for. a conitant

iiyrate. The difference for secndary enroilmentis" 

so)mevhat dless because of the greater lg in impact. 

Table 12. 	 Projected total Chilean primaryand secondaryschool
 
enrollment and teacher and c lassroom space
 

:riequirements.
 
.. _.....L' - Primary Educaon . SecndaryEducat.on
 

Te er otal Underi mar. .... Under. ' PriFmart :ducaton 'at;r'it
:Lte, ear;; 	 ecnd s on
Erl en oletad ece.ad pp 

. 7,.. I '.": ' '
 ......;,, .:' :. ': 


(thousands):'- 1960 1,137 1,37 1137 153 153 153 
1970 1, 	 0 '1807 1 805 284' 284 284 

' 1980, :2,36 "1,901 1:,847' 527 488 485 
-2,149 :1I,780 ' 1620 580' 

2000.-4,534 2,569 ,-785 ,186 730 545 
.--::1990 3,310 	 .854 k-


Teacheis:Requi red 	 . .. . . . 

(thousands). 1960..,,, :28.4,. 284, -28.4: 3.8 .. 3.8
 
1970 49.7 .'48.8-' 48.7 7.7 7;7:, 7.7
 
1980 69.5 55.1 53.5 15.3 14.2 14.1
 

.. 19904 96.0 62.3 :51.6 24.8 18.0, 16.8.
 

X.2000 4:131.5; 74,5. 5.1.8r 344: 21.2. -15.8i
 

Classroom:-""
 

:Required .*....I "
 

. 383 383'
(io~sefz) '1960 :1,705 ;,1,#705 105 : 383 

1970. 2,760 2,711 2,707 710 "71 0 710
 
19 180.4793 3,693. I.,740 4,602
J3,803:r 1,611-
1990' 6,620- 4,298 !3,561. :,2820 :.I2, 048. ,913' 

-2000't.,9,068 5, 138 3,569,' :'3,913 "!2,4.10.*. 118001 
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",The 'necessaryexpanson of primary enrollments between 1970 
and 2000,provides'furt1her cause for reflection;' Evenif fertlity 
declinest,,the ofically, projected rate of, assumption B, :more than( 
three-.quarters- of a' million additional children will be in primary 
school in the year 2000 ifthe postulated enrollment ratios are. main 
tained ..Teachiig-'capacity and classroom space would -require ex-, 
pans ionby .more than. one -half their- present levels. : By contrasti-, 
virtually no expansion would be necessary in the event 'of the accel. 
erated fertility: decline of assumption C. The number bf students,. 
,wouldfall slightly, while the number ofiteachers and class room ,.7-,
floor; space:would rise slightly because 'of higher educational 

standards. 

Although the expansion of secondary enrollments during the 19606 
was remarkable, even under the lowest official fertility assumptions' 
B,, enrollment must continue to accelerate during the I1970sc:: GivenSd 
the goals for secondary ,enrollment ratios show'n in Table ,11 bythe 
year 2000 almost 450 thousand more secondary students will-be': 
enrolled than in: 1970. Such an increase will require growthtto more 
than itwo ,,and one-half times its present size'-in order to service-: 
adequately what seems likely to, be sustained social demand. 

- Table 13 .projectsI.the numbers- of-new teachers :and the amounts of 
floor,-space required for expansions-in enrollment- for the first year 
of each decade from 1970 through 2000. The table shows that by the 
year 2000 the numbers of new priary teachers required ainually 

underfertility assumption A wbuld be morie "than four times thos6e 
of ass6uption C. At'the secondary level, e'ducational pla'nner.s 
would have to face in the highest fertility case a.teacher training 
program about six times.the magnitude of that required by the 
lowest"fertility proje'ction; Similarly, annual requirerents fr addi 
'tional classroom space would be nearly four times as great for p'ri­
mary education under assumption A as they would be for assumption 
C, and :nearly five times as great for secondary educationh,. 

The, fdregoing comments on projections for.training new teache a 

and adding "ew cassroom space appl.y equally tothe projections o 

investmerit costs given in Table 14'for teacher training .and for 

classrom 6onstruction. h system operating costsf Table 14, 
which digregard (definitionally) the substant'il investment expendi'­

rels implied by theprojctions, '._provide a less r ma i-­
.parison among fertiit y.assumtiOns .than do the teacher' tra i g. 

£ *W ­
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Table 13. Projected annual Chilean primary and secondary school new.­
;teacher and new classroom spacerequirements. 

Primary Education Secondary Education 
IteYeaUnder Under.,

FertilityAssum ption Ferti lityAssumption.,; 
_ _ _ _ _ A I C A. B ,1 C. 

Teachers'­

(thousnds): . 1970 33.63.4 ;3 0 .6 0.6 
1.0 ' 1980 4.1 2.1 1.9 1.2 0.9 

1990 5.4 2.6 1.2 1.7 0.9 0.7 
,2000 ' 7:2. 3.2 ' 1.7 ' 1.9" 1.0 0.3 

,New Class- '.. ." '":" ' 

room Space :' 
Required 

-,(thousands", 
of'meters2) '1970 a203 0 191.4 .190,4. 59.6 59.6 ' 59,6 

1980 397.8 247.0 :,227:6 .171 .6 .144.0 142.0 
1990 426.4 214.6 113.2 215.0 121.8 98.6 

.2000 570.6' 264.8 "'149.2 '251,0- - 129.0 '53.8 

costs, but in absolute terms rise considerably. For the last pro­

jected year, 2000, the necessary. primary level total investment
 
and operating expenditures. of 479 million escudos in the lowest
 
fertility assumption can be compared with those of 1, 016 million
 
escu os for the highest.. Similar relative, magnitudes obtain for
 
secondary level system expenditures. Although the educational
 

'systengrew swiftly and steadily during the latter half of the 1960s, 

the continuation of that expansion at the rates made necessary by. 
tiese projections will clearly int0nsify pressures on already 
strained public budgets. 

_Although-the result's of'the projections reviewed in the preced. 
ing paragraphs are. highly aggregated, include some coefficients 
that'are constant over time, or at best, grow at constaht 'rates,' 
and'disregard many details of concern to planners, they do deal 
with the most important features of the system.. At the same time 
the analtical scheme unde'rlying'these projections provyidethe 

skeleton for future, more detailed models of -tesystem.' 
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nvestment and operating costs of Chllea'Table14.Projected annual 4 
.- .. primaryandsecondary,schols (millions of 1960 escudos). 

Primary Education -Secondary Education
 
Item Year Under Under


Fertility:Assumption'' Fertility Assumption 

____ _ _ A ~B ~A 	 B 

Investment 
for.Training 
New. 
Teachers 	 1970 .Y 6 9.0 ? 1.7, 1.7 1 

1980' 1. 5.7 5. 32 26 25 
19Q,02 1.5 4.6 1A.9969 .5 
2000, 1. 4 86; 4.6' 5 2 '2.6 .9 

Investment 
Costs for 
New Class-, 
room Space 	 1970 19'8 18.6 18.6 5.8 518. 5.8

1980 38.8 24.2' 22.2 16.8 14'0 r3.8 

1990 41.6 .21.0 211.021.0 11.8, 9.'6 
2000' 55.18. 25.8; 14.6 24.6 12.6 .2 

SystemA 
OperatingCosts 	 2.4 "1970 '31.6 31.i6 31.6211.8 210.;2 

1980 .,-358.6 302.6 297,4 ir73.4 '71.4 i.71.4 
1990 570.'6. 4106 360. 8, 142. 115.4 : 4111".2:
2000 9414 ,625.0' 460.2 245.4 176.6 145.4 

Investment'.
 
and Opera­ " 
:-'iin " 1970' 241..2'238.0 ' 237.8 .39. 1. 39, 39. 

.,408.*1980, ,332.5 324.6 .93,4 88. .,
"1990 -626.7 43&5, 375.0. I167.6 129.7. 122.7. 

2000 .6 "659.4 4794 .275.22,016 191.8 151.5 

.': ":, '; :" ':, "i ,: 4 ., ,': !. m ' ! 'L; '. , .: . , L'. .'''r " " " : :" <' 3:'1'", ' ' 
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While the projections consider quantitative improvements in the 
student/teacher ratio, in the classroom space per student, and in 
teachers' (and others') salaries, equally important qualitative im­
provements have been proposed for the system. Higher rates of 
retention of skilled employees; an orientation of education toward 
more meaningful general education, on the one hand, and more 
immediately useful vocational training, on the other; a better way 
of evaluating educational progress; and a greater emphasis on in­
service training all fall within this context. Merely naming these 
improvements makes clear the difficulty of their inclusion as 
quantitative parametric changes in the present model. But it is 
equally clear that higher quality education is likely to be more ex­
pensive education. Therefore, not accounting for these improve­

ments explicitly in the projections means, in turn, that the projec­
tions understate differences in the economic implications of the 
different fertility levels. 

UNIVERSITY EDUCATION 

University education in the development process is frequently 
regarded as qualitatively different from primary and secondary 
education. It is viewed as having a special role in the formation 
of high level manpower required to introduce and manage the 
changes associated with the transition into a technologically ad­
vanced society. Theso qualitative differences are of particular 
relevance to the projections of this study and, thus, separate treat-, 
ment of tertiary education is warranted. 

While a certain degree of diversity may be found in the pro-: 
duct mix of Chile's lower educational system, its students have been 
treated as homogeneous and have been differentiated only by pri­
mary and secondary levels in this analysis. In the case of higher 
education, however, these differences, e.g., widely divergent 
lengths of the various programs offered at the university level and 
huge differences in the costs of providing equipment and facilities 
for different types of training,are too great to ignore. Consequently, 
certain methodological problems must be dealt with in the treat­
ment of this part of the educational system. Basically, these con­
aist of problems of aggregation and compositional change, which can 
be illustrated by differences in the per-student costs for law and 
medical training. 
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Composition of Student ,Population
 
Sciefelbein.(1,969) 7has estimaited,.the nulcs e a tdn
 

E0attending the Universityof.Chileiat 160 during the mid-1960s. 
'
.,For!medical students ,the 'co,'rresponding, ,280,or0amount was .E:1. 

roughly eight times greater. Concomitantly, law students were 
about 66 percent more nurmerous .than medical students. Suppose
for simplicity's sake that the Chilean higher educational system con. 
tained a single university consisting onlyof a law school and a 'medi. 
cal School, and :that the 'stated, conditions prevailed in some- ba'se 
period. 

Froml this information,., one 'may. readily compute the "average,;' 
°
costlperuniversity, student which turns out to be E 580.'* This 

value however, is neither representative nor "typical, of the 
annualcost,:of providing university training to any single student'or 
to'any easily identifiable, group of tertiary level students. Thus,,the 
statement that "the average annual cost of universitytraining is- E 
580 per student" is far less meaningful in terms of describing the' 
.'typical" cost of providing university training than in the caseof 
lower education because of the widely divergent cost distributions of 
the former. Its reliability as a parametric coefficient in.the projec­
tion of the financial requirements needed to provide university level 
instruction in the forthcoming decades suffers from aniinherent weak­
ness: the potential impact of changes in the'career composition of,,­
higher education upon the cost of training any given number of,uni­
versity students. For example, a change in the composition of uni-, 
versity students between law and medicine fromthe historically 
observed 1.66 to . 00 ratio-to 1.00 tol.00 would, in the absence of 
any 'change in the average' training: cos t within each field, result.in.. 
an increase of the'average cost: per university student,from the-pre-ie;­
vious"i E0 580 to E. 720. This 24 percent-increase would, by itself,.i:causethose:,projections-in which such a :shiftl is not-taken intoaccount 
to underestimate ,university training costs to acomparable :degree. 

Although this additional potential source of error exists in the 
absolute orders of magnitude of the projected input requiremnents and 
their total cost, it does not interfere with the validity of' the main 
thrust.oi the projection exercises if it is assumed that the career. 

The.calclations appear in!Appendix.­

http:thrust.oi
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eshentially:composition of university students at any point in time is 
past or present. Underthis."independent of the fertility regimes, 

relative, differences in input,.,
assumption it can be asserted that the 

requirements ,tomeet future demands for university education assoc­

iated with each fertility assumption are uniquely attributable to the 

among these fertility assumptions.differences 

The foregoing point, although made in the context of the educa­

tional sector, is equally relevant to all.the.other social services 

this study. It may be stated more generally as folows:treated in 
the greater the degree of heterogeneity and compositional instability 

medical care,, housing) to be rendered, the lessof the service (e. g.,, 
reliable are projected absolute magnitudesiand correspondingab-.
 

Since
solute differences) associated with each fertility assumption. 
e 
ss s ens itiveproportional differences. among these magnitudes: a re l

occur in the interim,to compositional changes that may independently 

correspondingly greater importance should beattachedto propor­

in assessing the impact of differential fertility
tional differences 

regimes upon the relative future demands for theservice in question.*
 

Enrollment Ratios, 

second difference between lower ,and higher education. involves ... 

to be enrolled,,the choiceo, assumptions-on the.number of students 

three:.­
at each' level of the educational system throughout the.,next 


decades.,
 

set of official and apparently undisputed enrollment goals,While a' 
no such.for: lower education was found for at least thenear future, 


goals could be: readily identified-for tertiary.,enrollment. Thus, the
 

input and related outlay requirements assoc
projections of! absolute 

iated with university level instructions are even more speculative,.
 

than the degree implied by the previous discussion on: shifts in,the.
 

composition of student. populations..
 

M 'rln ' a. (1968,No 23 p. Il argues that even ifthe 

ht Farland, et 1 96 ,81. !: g • ... 

parametric coefficients chosen divergeiwidely from their actual c 

fture values it is still generaly true that:theIvalidity of the pro 

jected relative differences in inpuit requirements to satisfy,future 

Sdemands for any given seri.ce WiUb e.essentially unaffected ;by, r.::
 

tany.such error-.
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,The6Spectrumo',0f iinfluential-.viewsion,university -enrollment:ap-, 
pearsiextremeiy Wide ,and iiacks,any,. clear ly-distinguis hable modal 
pOoints. O.'ne. oextreme .of thi's spectrum hoq ldsd that,'Chilean univer,­
.sities should"be abolished in their present form or, at least., t!eir: 
enrollmentshouldLbe rendered highlyselective and, correspondingly 

,'drastically-reduced The other',extreme may .be.capsuled by,its,
well-known slogan: I,universidad para-todos"* (universityfor every­

one)., 

Focusing on more,.cons tructive evidence, a.vector of enrollment,* 
ratios was ,chos en on the; basis.' of %historicaltrends and. future ,goals 
proposed in Schiefelbein (1970, No.; 36).i. The.,derivatin of these 
parameters is -explained and -discussed in..Appendix-B.. Their_ 
assumed values, as well as those for the other relevantparameters.
 
used inthe projections associated with university education, are
 
shown inTable 15.
 

Table 15. Parametricco'efficients assumed for projections
relatingto university-educatlion., 

I Annual.Operating-.,
9 

*:'" A Enroll*L Teache Annual Teacher, ost p6-ea her 

ment, •Rate UnritTrainingCost's 

Ratio Ratio Rate UniiityAssumption" 
Year i 'Student Attrition ~rll)(E of. 1960) Under 

___/6___ (EO of 6. IC..() 1960) AL.0.03"" ', '2 8;4- 8,2 

.,1960 0.1220.03 3.0, 45 2 45 8,425 

970 0.06 30 4;590' .9 640 9 '9,660 

,325: .11,350
AM. 0.10 0.08,,, 3. 0' "1,9135 


1990 '.18 006 30 4,590 13,210 14,115 14,275
 
S15890 18,095 18,
 

'Student-Teacher Rati0
 

While a.substantial number of, estimates Of this ratio's histori- . 
cal .value (particularlyIor the University of Chile) are: available, 
they lack reliability because until very recently Chilean unive rsities.; 
failed to record the number. o their teaching personnel. "-The"Insti­
,tuto de Investigaciones .Estadifsticas de.la,Universidad de: Chilehas 

'attempted on several occasions to secure. this information, as well 
asi other related data forits parentinstitution. To this end 
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questionnaires were -.sent to,each idivdual .onwthe Unversity'is pay­
:roll'records , but about 50 percent.,of the 'IreciDients of-the auestion-.' i 
naires failed to return them. 

To- the extent that these "sample" '-results, taken.from the :Insti­
'
tutess-Boletmn' Estadi'stico (Reference 20), er - ., ..reflect true .universe' 

-parameter s they indicate that 'the :student;-teacher. ratio obtaining: 
in the University of Chile for the year 1959 was,7.4 students per,-..
'equivalent full-time instructor. Corresponding estimates found in 
Schiefelbein (1968, p 3), .for seven other Chilean 'universities in'. 
1968:-1969 yield a weighted 'average student-teacher ratio 'just..-­
slightly under 10 to 1. 'On the:basis of these. admittedly. question­
able estimates,' the ratiowas.: set at 8.;3'to: 1lin-1960: and 10 to Lin ­
1970 for the purpose of the projections 

The remaining values were chosen on the basis-of a discussion 
on ".optimal university size" in Schiefelbein (1968, p. 3), which notes 
that large U. S. -.universities- show a 20 to. :teacher-student ratio 
and.'implies that this proportion could be taken as a goal for Chilean 
institutions of higher education. The ratio was set at this level for 
the year 200 and. interpolated log-linearly between the as sumed'l 0 
to I ratiofor 1970.to obtain'the desired coefficients.-for the years 
1980 and.1990. 

Attrition Rates 

Since neither historical records nor wholly reliable estimates, of 
past; .numbers -of teaching personnel in Chilean',universities exist, 
neither does the data base required to compute average attrition 
rates of tertiary level teachers. Several university administrators 
and:.specialists of Chilean higher education were, asked to..estimate 
the current rate of attrition and hypothesize its future evolution. 
Estiinates on current attrition' clustered around' the value :of 3'-er­
cent per year. Because of general unwillingness to predict whether 
these would undergo significant increase or decrease in thefuture 
an.invariant-3 percent per year attrition rate was assumed.. 

Teacher'jrainjng Cost. 
.. '-kAvailable data in'Schiefelbein (196 8,p 60)', 'on the cost'of train-. 

,ing -studrits, from entrance throtigh"graduation:.,in, 15 fields of' 
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.spe.ialization at: the University-of ChileIfor e 1962 . 
and 1963 provided the principal basis for the estimation.Of. tertiary 
.teacher,traning costs ...Inview of the .substantial variance preSentn 
in the ,distribution of ;these co'sts, a,weighted average. cost',pe r grad 
uatewas ,,computed, .using, pertinent enrollmentj data from-.the Uni­
versity of Chile's Instituto de Investigaciones Esta'disticas, on,the' 
composition of countrywide university enrollment among, the 15 
fields as the basis ofthe vector, of,weiglits .,:,:The= resulting .weighted 
average, cost per.universitv, raduate came toEE. 4600. 

rxpjoraory caicutations inuacatea that the, previously postulated­
scheduleof the increasing student-teacher. ratio' in higher education,. 
throughout the, projection period tended to.decrease.the training cost 
pergraduate by comparable amounts to those by which the assumed. 
increases in current costs (i.e., increases ini university employees ' 
salaries based on increased GNP per capita) tended to increase it 
under fertility assumption B. Unde.r this assumption, then, average 
cost: per university graduate would remain roughly constant through 
the projection. period, decreasing slightly under fertility assumption 
A andincreasing ,slightly.under the two-child family assumption, C.. 
T-he, differences resulting from the alternative fertility regimes were 
small enough to disregard, and hence a constant average tertiary 
teacher:.training cost was postulated. 

Operating Costs 

,The :assumptionsi and methods used in; projecting current ex-. 
'!penditures at the lower ,educational sectors apply equally to tertiary 
education: projections, i.e.: (1) wage and salary payments exhaust,, 
the ,sectors, operating budget, (Z),the composition of the educational 
work force. remains stable overtime, (3) relative wages among the. 
various, personnel. categories are constant from period to,,period,

I	and (4) .wage rates increase over time in proportion to GNPR per,,. 
worker. 

The estimate of the ratio of total. current expenditures to the num 
ber,,of. teachers. ini.the, base period. required.,by,.the computationa-,' 

A brief discussion of.'the concept of "teacher training' ost' is 
included InAppendix B. 
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pr'cedure was based-on data pertaining to the. University 'of Chile, 

from Schiefelbeini19 6 8, pp 43 and"51),; since these","were theonly. 

data available .' The University's operating budget ,for 196' was, 

divided by-the estimated number of full-time equivalentl teachers,. t 

arrive at an annual:figure of EP 8700 of current expenditures per 

teacher,. 

,Because remuneration of-personnel employed in the educationa'i
 

sector is assumed to ;change over, time -in proportion, to change sin,
 

economy-wide income ,per worker, this (1965) estimate was adjusted 

to a-1960,level of E°8400on the ' basis of historical income per, 

worker data; .For the successive projection years,:expenditures .­

per' teacher were increased.,proportionally to:the increases-in in­

come-per worker' generated by the rmodel'itself under each of the­
three fertility 'as sumptions.. 

-In estimating tertiaryeducation investment: costs' (as opposed 'to 

the lower levels), only,'the 'cost of training 'new teachers was -taken 

into !account. ;'No :,reliable, estimate of other type s +.of-investment­
costs.. such' as construction costs associated with'-the: replacement 

of depreciated physical plant'and equipment :or with netincrements, 

to these 'stocks was obtained. While this omission tends ito::under­

estimate the future costs of providing tertiary education' to-anin-• 
creasing number of university entrants, the understatement is 
probably not very serious proportionally. 

',First,Such an assumption is supported, by two' considerations. ' 

available- data from Schiefelbein (I968k- p'51) showthat nonoperating 
exop'nditures'dtiiririg'the early 1.960s were but a small fraction-of :the 

total budget 'of the university establishment; in 'Chile 

-

-specifically, 

only 14percent in 1964 for all Chilean universities . Secondly, the 

already +establishedassumptionthat "future building costsg Wil re-: 

mainat tleir 1,960 level; +togetherrwith the assumption thatteache rs' 
over time, imply that this 1.4. percent proportion,salaries increase 

of total expenditures going to nonoperating outlays will'tend to di-
Srmish with tirme.- Since 18 years elapse after-each fertility assump 

tion 'before demands: on tertiary education-are, affe6ted,this;allowls!:: . 

costs ina .conSiderable. amount'of time for the*share 'of nonoperating 

*,thetotal university budget to shrink well below the initial 14 percent 

- proportion. 
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Results of University Education Projections 

Projected tertiary enrollment and the corresponding nurnber of
,,teachers required for the first;year of eachdecade, from 1960to 
,2000--, are .-shown in .Tabl'e 16.. 

Table 16. ' University enrollment and teachers 
required 1960-2000 (thousands). 

Item e.... ' :'ar 'FertilityAssumption 

Enrollment 1960 27.-5 27.5 27.5 
.970 73.2 73.2 73.2 
.1980 " 165.9 164.1 163.9 
-1990 388.8 312.2 304.6 
2000 896.0 586.2 492.0 

Teachers
 
Requi red 1960 .3 3.3 3.3
 

".1970 .7.3 7.3 7.3
 
-1?80 13.3 13.1 13.1
 
1990 23.3 18.7 18.3
 
2000 44.8 29.3 24.6
 

y"6"roll"e'nt' I"ive"s" d 

Unive rsityenrollment, and consequently the number of teache rs 
-required remains unaffected by the changing fertility assumptions 
until'198O because of the"lag between the introduction of alternative 
fertility assumptions inJ .960 and ,*the movement of corresponding 
cohorts into university-eligible ages. Indeed, the differences in 
ea.ch of these ,variables under the three regimes, is still; relatively 
'sall in: 1990.. It is not until century' S end that they become sub­
,stantial. Specifically, year'2000 enrollment-and teachers required 
.under assumption A, traditional'fertility,, turn out to.be 82 percent 
greater than under as sumption C;,the, two-child family. 

Tabled1shows the number of.newteachers who must be trained;. 
during selected years in order to meet requirementsimposedby, 
projected enrollments. These figures were obtained, as in the 
"cases,of lower education, from aggregating the number .,ofnew, 
teachers required to replace those who drop out of the systemPith' 
'the number of additional teachers needed to meet. growing enroll­
ment., The estimated training costs and the costs of operating..the 
'higher ,educational establishment. for,.the same.years are also shown 
in. this table. 
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Table .17. Tertary educaton new teacher requirements, teacher 
training costs, andsystem operating costs. 

..iem - Year Fertility Assu tion 

New Teachers Re.quired
(thousands) 1970 0.6 0.6 0.6

198 .0.9 0.9 0.9 
1990. 1.6 0.9 0.8 

Teac-or Trainintg Costs(millions of 1960 esudos) 1970 2.8 .8 2.8 
1980 4.14. 4.0 
1990. . 7.1 4.0 3.7 
2000 "5.3 8.2 5.1 

System Operation Costs 
(millions of(1t960 escudos) 1970 56.0 56.0 56.0 

120'661980 9" 1220 
-1990 24 .0 222.1 220.2
 
2000 570.7 439.6 397.2 

Total fTraIningland "
 
Operat onCosts
 

- (millions of 1960 escudos) 1970 58.8 58.8 58.8 
1980,- '124.7 125.9 126.0 
1990 254 . 226. 223.9 
2000 -586. 0 447.8 402.-3 

While the differences inthe number of newteachersrequired 

and the ,cost of training them among the alternative as sumptions, are 
quite:large ,by the' last period -considered,- the differences in,opera­

'ting costs are comparatively much smaler. Teacher requirements 

and teacher training ;show a' threefold diflfrence between as sumptions 
A and C, while the corresponding system operation costs differ by 

.:only'43 percent because' of the 'more rapidly risinatsalaries of:,uni­
versity personnel under, assumption C. 

The substantiaflyrgreater. magnitude of!operating costs vis-k-vis 
teacher training cause the relative divergence ,in total-costs :between 

say, assumptions and C.to ;be dominated by, aperating._:costs ,iand 
tius, 'for the iastperiod, "total costs' of A exceedithse' f C by;less 
tan 50' percent despite, the300 percent difference, in training costs. 
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"SECTION 4 

HEALTH
 

BACKGROUND INFORMATION 

Demands for health care are erless dramatically"affected byafd 

tility'changes than are demands for education. Fertility change s,,:
 
affect the youngest first, altering their relative and absolute num­
bers In.lated~ilitothe population,nd andnd/forthe fertilityed changes
chne cit" are quickly trans­
lated into changes' in ema education. Demands for health':-y 
care are much more evenly spread out, coveringiall age groups in 
a population. 

Ai -With education, the main expenditure items in the health, sec­
tor., both now-and in the future, can be specified. Requirements for 
medical personnel,, from the highly skilled to the considerab'l less 

,are well known -orcanbe readily determined. In additio,
""skilled 
two basic types of physical facilities can be distinguished: hospital 
beds and consulting rooms (called "boxes" in this study). These 
categories of medical personnel and physical facilities do not cover 
all the requirements for the provision of health services; also neces­
sary.are administrators, inspectors, and clerical and janitorial per­
sonnel; on the one hand; and all the physical-instruments of the great
metropolitan research hospitals, on the other. The categories do, 
however , allow quantification of ratios of availability of health ser­
vices to the user population. 

hIitial numbers, of physicians, dentists, pharmacists, nurses, 
midwives, medical technicians, and nurses' auxiliaries are shown 
in Table 18. Historically, the last four categories have been almost 
exclusively women. The costs of personnel training were deduced 
fromdata originating at the universities, with the derived estimates 
adjusted for dropouts and repeated years. Surprisingly, the cost of 
training pharmacists, whose university curriculum lasts 5 years, 
exceeds that of physicians, who are subject to-a 7-year program. 
This is because pharmacy students have higherdro0pout and repeti­
tion rates than medical students. In the absence: of authoritative cost 
estimates for training nurses' auxiliaries, the amount shown was 
approximated by assuming that one nurse can train '17 auxiliairies in 
a year. Thus their training cost was taken as one-seventeenth the 
annual salary of a nurse. 
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and cots of Chilean health 	personnel.Table 18.: Numbrs 6

ea ge 	 Averag 
a rag .Annual 	 Annual! Annu 

Attrition' perlCapitaranig alris 	 :% IneaeinTeonf Nubea Cost 	 .Ateoand Benefits ( 
nc rease : 0 n(1968) "(Eof(.- 1960) (c.. 	 Numbers (%)aPersonnel 


of 1968l~) of 1960) " L_. "_" ..
 

C ' 	 ...0
Physicians : 91 'I 3 7300
 

Dentists,, 3,250 8,700, 7,300 . .5 1,0.
 

1,3, 6004 1.0
Pharmacist , 	 7,300 .
 

3,400,. 2.0 4.
Nurses 2,428 	 440 
' dwives 1371' 1'600 '"3 r300 2.0 2.0 

Medical 
'Technicians 512 	 3;300c : 3,200 2.0- .2.0 

A:ux2iies 1100 200 	 1,200 2.0 1.0 

Notes:­

aMinistry of Public. Health 	(1970) 

bk eii , ,(196)i 

CSchiefelbeln (1968), p60 

''The salary data in Table 18 repres-ent a combinAtion of salaries 

and fringe benefits for each of the specified personnel categories. 

Unlike the treatment of education, the costs of other supporting per­

sonnelhave not been include d. 'Totatlsalary costs, and hence' their 

divergence under the different fertility assumptions, are thus-'­

understated. 

The attrition rates were deduced from empirical Studies of the 
Planning Office of theResearch Section of the Health Sector 


Ministry.of Public Health 'and corrected for increasing numbers
 

(and hience, increasing yOuthfulness, given the. customary age of£
 

entry into the profession) of medical personnel.
 

*The assumptions shown in Table 18 for projected per capita if­

ratios are also based on studiesmade by the 
provements in service 

.Planning Office of the NatinlHealth Service N
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SConstruction*and operating' costs for beds and boxess(Table 1 9):l 
were -.taken-'from *a series- -of' studies done in 1967'and-1968 by the' 
Sdb-De-partwent of Architecture: of the SNS. Operating costs in-. 
d~de physical inputs on currernt account, i. e., those whose expectec 

life ir.ss than a year. Allsalaries of redical personnel are ex­
cludedto 'avoid double counting:. 

Table 19. Construction costs,' annual operiating costs, and coverage 
mprovement of Chilean health faci lities. 

Average Unit~ Average Unit Percent of Improve­
:T.O Construction Costa Operating Cost a ment in Ratio! 

(Escudos of 1960)' (Escuds' of 1960) POpulation from 
_ 1960-2000 

0d 
Hospital Beds .; 99000 

Examination 

Rms'(Boxes) 9 , 7 00 c 8,700 100 

Notes::' 

0Ministry of Public, Health (1970) 

196data 

c-1968 datad
 
den:percent by 1.988' 

RESULJTS OFTHE PROJECTIONS 

i Projected :increases in the base popuation and"medical service 
goals ialIlow quantitative: estimates to .be made .of the numbers of 
*helth:;ersonnel.rieeded in the' future. Table 20 shows that to me .. 

itheigoas postulated, even the lwest fertility assumption calls fo ri . 
over twice as many doctors in 2000 asin 1970. Fertility levels of 

196O .imply the need for'almost four times the: 1970 numberof physi 
cians, by:the end ofthe century-.'- Similar or. greate'r increases a4re 
require -or other types of health specialists shown inTable 20. 

:43'i 
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Table 20." Projected Chilean health personnel requirements.
 

... ... ._.. . aFertility.A 	 i ton;
Tj*eSpecialist. ,Year 

Physicians .	 1960 4, 100 410 04,100 
1970 5,860 5,650 5,630 
1980 8,540 7,550, 7,350-d 
1990 12,710 10,090 9,250 
2000 19,0P70 13,360 11,500 

' 	 2,420Dentists 	 1960 2, 2 '42,420 

1970 3,460.. 3,330 3, 320 -..
 
1980 5, 030' 4,450 4,340
 
1990 7,500 5,960 5,460 
2000- 11,250 7,880 6,780'. 

Pharmacists 	 1960 1,470 1,470 1,470 
1970 2,100 2020 2,010 
.1980 3,050 2,700 2,630 
1990 4,540 3,600 3,300, 
20,00 6,810 4,770 4, 110 

Nurses 	 1960 1,350 1,350 1,350
 
1970 2,580 2,490 2,480
 
1980 5,050 4,4'60 4,350
 
1990 10,060 7,990 7,330
 
2000 20,220 14,160 12,190
 

Midwives 	 1960 930 930 930
 
1970 1,460 1,410 1,400
 
1980 2,350 2,070 2,020 
1990 3,850 3,060 2,800, 
2000 6,380 4,500 3,850 

. 
1970 550 530.o 520 

Medical Technicians 	 1960 350 : .350 350­

8809980 780 760 
1990 1,450 ,150 1,050 
2000 2,400 . I,680 ,450 

-SNurses'- Auxiliaries ,,19601 . 8, 180 8, 170 .18,180. 
1970 1 1,680"', 11,260;.-. 11,230. 

17,020W980 15,040, 14,660 
1990 25,330 :,20,120 18,440 

____. ... __ _ i2000 38,010 26; 630 22,930 



SECTION 4 

...'The Ministry of Public Health has'estimated that in 1970 almost 
40, 000 beds (both public and private' facilities) and 1, 650 boxes 

(public facilities only) existedin the country. As shown in assump­

tion lA of Table 21, population growth would require bed facilities by 
,the year :2000 lofialmostifour times the 1970 number if fertility were 

to.returntoItstriaditional (i960) level'. Declining fertility, on the 
other hand, would increase requirements to roughly two and one­

half times their current levels. 

Table 21. Proje'ted Chilean health physical 
facility requirements. 

cli . FertilityAssumption 

TypeFacility oYer *AB 

Beds 
(thousands) 1960. '310.1. 30.1 '30.1 

1970. 40.9 39.4 39.3 -'1980 
 '56.8' 50.2 48.9 
1990 80.0 63.5 58.2
 
2000 '116.6 81.7 70.3
 

Boxes, Public Sector 
,(thousands) 1960 1.5 15 1.5­

1970 2.4 2-3;1 2.3; 
'1980' 4.2 3.7 2.6 
*1990 ,7.1 5.6 5.2 

2000 '.11.6 8.) 7.0 

The costs associated with providing health services to a growing' 
nuimber 'of individuals can be, broken down into two parts: the in­

vestment outlays necessary to train the additional personnel and 
construct the facilities required to service this expanding population, 
and the operating costs that must be -incurred in the form of staff 

salaries and fringe benefits and operations of supportive physical 
facilities. The magnitude of the divergence of required annual out­
lays attributable to the different fertility assumptions is shown in 

Tables' 22 and 23. 

Even under the lowest fertility assumption, C, the training costs 
for',various categories of medical personnel (assuming increases in 
their, current proportions to population) nearly double between 1970 
and 2000. As in the case of education,, the impact of the population­

induced investment accelerator becomes readily apparent from the 
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T:1l 22i 	 Projected Chilean health investment costs 
(millions of 1960 escudos). 

Fertlity Assuml tian 
Item 	 Year Fetlt B'-j ..... 
,&A 	

oC-


Training of 	New 
Health Personnel 

Physicians, 	Dentists, 
63 	 5i5 5;5:and Pharmacists 1970 	 7.1 6,51980 9.6 

199 14;'6 9.5 '7.5 
2000 22.2. 123 9. 

Nurses, Midwives, 
Technicians, and 

9 .9
Auxiliaries 1970 1.0 
'1980 1~8 .+51.6 	 I. 1.1
1.
199 2.7 
2000 45 27 2.1 

.iysic:tiieifi 	 1970 240 21.4 21+2 

1980 35;4 27 2 25;.2 
i990 51.6 35. 28.6 
2000 76+4 44i2 34.0 

TI, I'.. iint Coss 1970 31 .3 27+8 27;6 
1980 46.6 355 32-+8 
I990 68.9 46;3 37;6 
2000 103.1 59.2 452 

results tabulated in Table 22. Comparison of training costs asso­

ciated with fertility assumptions A and C for the year 2000 reveals 

million would be required for this purpose under fertility
that E° 11 

In other words, a dif­° Z7 million under A.assumption C versus E 
ference in the respective population of about 66 percent under the 

a relative difference of 145 percent of 
two assumptions generates 
corresponding training costs. 
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POjected Chilean 'health 

(millions of 960 escds. 
Table r23. 	 operating costs 

Itema 	 Yea FertityAssumption.::
L .ern . 

Salariis of Health 
Personnel 

Physicians, Dentists, 
and Pharmacists 	 1970 76.2 744.6' .6 

1980,1- 127.4,. 117.0 115.0 
1990. 222.4 192.6 -180.8-­

,2000, 399.4: 327.2. 294.8-


Nurs, Midwives,, 
rechniclans, and 
.uxll.arles 1970 61. 26.8. 

1980 .48.8 448 44.2 
1990 92.2 79.8 
2.000 182.0 149.02 

iFacility Operating 
'Costs 

1970 85.4 83.4 .83.2. 
1980 120.0 108.6 106.6 
1990 171.6... 139.8 .:130.2
 
2000 	 179.8 157.2 

2Totl Oprating' 
'Co s .1970 ::189.0, 1.184.6 

0 296.2 270.4 65,.8412.2 '386.0
 

2000 830,4 . 0 " 58We2.. 

SAdmIntstrative and other nonspecifled 'support personnel
hotflcidd in tribulation. 

147":
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Operating costs show less striking contrasts between aasump- .
 

tions A and C because of the faster increase in GNP per worker,'

and, hence, iieilpersonnel salaries, associated with assump­

-,tion C.,..:, Consider, for example, that'in the'year 2000 the requiredi 

number of medical-personnel in the low fertility assumptiLonis , ......... 
about two-thirds the crresponding number under the 'high fertility 

assumption. On the other hand, low fertility-operating total-co.sts­

are three quarters of the high fertility costs as a' result ofthe fac­
case.tor growth of individual salaries in the low fertility 

FUTURE GOVERNMENT HEALT HEXPENDITURES. 

Survey data of the Ministry of Public Healtn show that about 73 

percentof the 'pbpulation is covered by!so m e sort of public health 

service, of whicht SNS is theinost,prominent. The degree of cover­
not reflect with any de­age* (cobertura) provided by the'SNS does 

gree of accuracy the size of the population receiving health care in 
somethe country. Among those not covered by the SNS, avail them 

selves of health services privately; others' do use SNSfacilities 

simply because no private facilities are available or because the
 
or both. This is particularly
individuals are medical indigents, 

common outside the large metropolitan-centers. Finally, some who 
but obtain privateare entitled to SNS services do not use them, 


health care. These partially offsetting factors tend"to weaklenzthe
 
as an index of effective population-wideaccuracy of SNS covrage 

coverage.
 

panding government-The historical trend has been ' 

provided health services, although even if this process continues, i. 

is unlikely to encompass the entire population in the foreseeable 

Some people will continue to buy private health-care.,vRIura!future. 
may remai-!medi­areas. especially in the far north and far south, 


'cally isolated. However, future extension of coverage seems inev­

itable. An estimate of its future extent and the numbers of people
 

covered under the three fertility assumptions appears in Table 24.
 

Table 25 shows the impact of these numbers on public spending 

in terms of-aggregate operating and capital expenditures. These 

,"Coverage" refers to the approximate' proportion 'ofthe popuatioi 

which depends primarill on the government for most of its health 
Scare.
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Table 24. Projectid extent of coverage of'aovernment-, 
provided'hod ith services. 

: Extenti," M:ill!!ions of PeopleCovered,Of 

Year Coverage
*_____I~.J 

Unider Fertility Assumption . 
' B C 

1960 73 5.,61 5.61 5.61 

i970 :. 7 7.25 6.99 6.97."' 

,1980 76 9.97 8.81 858. 

-2000 85 20.39, - 14.28', 12.30 

Table25. Projected government health costs 
(Ikn of 160 escudos) 

FertilityAssumption
tem 	 Ye k B C
 

Operating Expenditures, 	 1970 138.0: 134.8 134.8 
1980. 225.0 205.6 202.0* 	 ­

1990 389.0. 329.6 308.8r 

2000 705.8 557.6 498.2 

Capital Expenditures 	 1970 31.4 27.8 27.6: 
1980 26.6 55.6 32.8
 
1990 68.8 46.4 37.6­
2000 103.0 59.2 45.2
 

Total Expenditures 	 1970 169.4 162.6 1621.4'
1980 271.6 2412 '234-8 

'1990 :457.8 '376. 0 346.4 
2000 809.0 616.8 543.4. 

,expenditures reflect thie assumptions that the-government pays for 

varying amounts of current'expenditures, s sh.own by'.the data in' 

Table 24, and pays fo r. all expenses and:,capital c4sts involved-in, 

.uman capital formation and in construction of physical facilities . 
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With trioa l .16~frt~ %,fivefold,increase ine'els' 

goveIrnment expenditures ween i970 .and .2000must occuIr, if.the 

postulated-medical standards are-maintained and-improved. '-Even 

under:.fertilitya: sumptin, the least 'de.anding from the stand-. 

point of.thetprovision of health care, morethan a threefold increase 
-is required 

section are highly.aggregated, tendThe projections made in this 

.toward .an artifically'stable growth rate, and deliberately exclude
 

'. 
many details." No ubt ' Chilean :health-expe rts, particularly those
 
ex­professionally involved in providing health service to Chile's 


panding population, could develop a more.detailed and realistic
 

analyticalffraework for assessing :the' impact of diverse fertility 

schedules in the years to come. Although the scope of the'present 

study precluded such refinements, we feel confident that such an 
for national resource alloca­exercise, in addition to being valuable 


tion, would reinforcethe ba'sic conclusiorns, of this section.
 

.- In sumnmary,. the faster the population grows, the higher are the­
costsi that society must sustain (and the greater, accordingly, is 

thediversion from-other ends) in order tojfinance'the expansion.and 
The validity of thisoperation of an adequate public health system-

conclusion is strengthened by the assumptions used, since these 

tend6to minimize the cost differentials: associated with varying fer­

tility,levels. 

.50
 



SECTION' 5. 

HOUSING 

HISTORICALTPERSPECTIVE 

Official concern with the probiems" 6f.inadequate housing fo'r ar,­
nurmbers of Chilean families dates to 1939 when a.public agency,, the 
ICja de Habitacion Popular, was created and charged with the con-
Stiuction of low cost housing. The government has since played anincreasingly important roletin the housing sector by providingtax. 
exemptions on certain kinds of housing, subsidizing credit for resi­
dential construction and purchase, and taking more direct forms of 
action such as administering construction and distribution of, large 
housing projects. The'extent of the State's growing involvement:in 
housing since 1939 can be gauged from Servicio de Cooperacion. 
Tecnica statistics showing that from 1960 to 1968 the State's aver­
age intervention in all residential construction was 51 percent, 
reaching 62 percent in 1968. 

This-expanded effort to supplement the private sector's housing 
output has placed a considerable financial burden on the government. 
Ministry, of Housing and Urbanization statistics show that capital 

odretsfor '1966 through 1969 have ayeraged 1,2 percent for resi­
defntial construction and related facilities.
 

Oficina Nacional de Planificacion data show, that for the economy 
.as a whole rthe' amount of resources allocated to the, housing sector 
have been equally significant. For the period 1960-1968, the aver­:age investmentim residential construction was: 

.i-3. 0 pe rcent of gross dome stic,product­

* 15. 9,percent of gross:domesticsaving 

0. 18.0 percent of gross domestic investment in fixed capital 

S48.:0 .percent of net domestic-saving,, 

.,.55 8:percent of -net domestic savngfrom. hilenansguces. 
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Despite ,,the govermnIe nt's massive budgetary an.d-e6cmic ef ­
fort, manyl Chilean families continue to live in dilapidated shacks 
assembled from discarded materialisuch' aS w;oo6den and cardboard 
boxes! and sheet metal. 

In the context of the quantitatire analysis of housing require­
ments 
contained in the remainder of this' section, all households are 
considered. to require a dwelling of acceptable physical character­
istics and conditions as determined by census standards. Thus, the 
term "housing unit" is :reserved only for those dwellings meeting 
the official (census).minimal standards. Dwelling units meeting

minimal conditions of acceptability and-those regardedas sub­
standard or deficient are distinguished by the corresponding 
cate­
gories in the official 1952 and 1960 censuses, from which all"the 
basic housing 'data havebe' 'This criterion has the advan­en taken. 

tages'of'being both official and operational.'
 

Normative housing requirements, measured in terms of number 
of households, and availability, measured bythe number of exist­
ing housing units, are shown for the years 1960,and 1968 in Table 
26. Both Lof these measures are, in turn, disaggregated into cer­
tairi of their component elements to permit 'the analysis of inter­
temporal changes 
in residential requirements and availabilities. 
Since the number of households depends on'both population size and 
average household size, changes in these component factors de­

'termine changes in housing requirements. * 
The number of available housing units changes over tinie by the 

difference 'between the numbers''of housing units built and housing
 
units lost through deterioration', demolition, and catastrplop6he.
 

Table 26 reveals that rthe substantial'husing'deficit of 1960 had
 
worsend greatly by 1968 despite massive public and private 6ut­
lays fr residential construction during this interval. The yearly

growth rates for each of the'listed variables alw assessment of 
each component's contribution:tothe observed changes in housing 

:"HousenoiLasize" :is defineu nere, 'as in tne census, as the number 
Of iividuals _iving together, regardless of thiei familial" 
relationship. 
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Table 26. :Housing requirements, avai lability,and deficits.. 
by componentfelements. . 

.... . .'.... " -. . ..Annual .,-;, . ' .•.	 . . -'.
Cane -in 
Element Year, Grow4th Avil a lityrw6 


1960 1968 Rate 1960"1968. 

Population (thousands) 7,683 9,351 2-4. ... 

5.39 o0.2. 	 Average household size 5.03 

3. 	 Total households b
 
requiring'housing ... 1,425 1i859 3. 3
 

4. 	 Total' housing units
ava01able (housands). 940 1,110 2.1 170 

5. 	Absolute deficit" 
(3) -(4) (thousands) 485 749 5.6 

.-6. Relative deficit 
(3) -'(4) (thousands) 1.52 1.67 1.3 

S7. 	 Housing units built
 
:: (thousands)
 

8. 	 HoUSing units lost.
(thousands) 132.5 

9. 	 AerOge annual ratio"
 
f
ohouses, built to
 

rmidyear stock 0.036<
 

10., 	 Average annual ratio
 
0 ofI
houses lost to 

L , i-dl r-iea Ksc	 0 -.016 

Sources: 

Dikcb6reccinde Estadistica y Censos.(1969, No. 10)
 
bDireccion 'de Estadisttca y Censos(n~d., No. 11)
 

.D reccion de Estadistfca y Censos.(1969, No,.12)'
 
irvicio de Cooperacion (1969)
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requirements, "-avilability, aind icorre sp6nding deficit; The inter­
period increase recorded for"ihe relatiVe deficit, equivalent to a 

:.,3-percent yearly rate ,is-dec'omposabled into the'algebraic sum of 
the.'rates of changei(or contributions) of the relevant components, -as 
shown in Table27. Thethird column :of Table 27 distributes the: 

.,;4.i9 percentage points contributed by the three deficit-augmenting 
components, on-the base.of I100 percent,- indicating.that population 
growth was approximately equal to the combination of smaller 
'households and:housing losses as'a source 'of increase"'in the rela­
tive deficit for .,this. period. ' 

Table 27. Sources'ot housing deticit increases. 

: , , . Contribution" ''Sources of Annual Change 	 (percentagepit " ercentage 
( a Distribution 

_ __ _ _ _ __ 	 per year)., L_.__ 

Population Growth .	 2.4 49' 

Smaller Households 	 0.9 18 

Housing Loises 	 1.6 .33 

Total Deficit Augmenting Contributions 4.9 	 I00 

Less Housing .Construction 	 -3.6 

Rateof Deficit Increase 	 1.3 

PROJECTIONS: 1968-2000 

Normative HousingRequirements 

Trhe basic analytical framework developed in the. previous section 
onhistorical-perspectives-was brought to-bear on projections- of 
normative housing requirements to the year 2000. Thus, the vari­
ables identified as "sources of change" during the period 1960-1968 
were. also taken into account 'nthe etunatioh of future needs With 
the exception of the alternative population time profiles, which are 
supplied by the demographic model, a unique set of hypothetical 
values was provided for the remaining sti'uctur'al ::paramniters. 

Decennial projections were made. for thefolowingdimensions. of 
normative housing requirements.: 



1. 	,Number of-individuals requiring housing Which,'in accordance 
.With the establis ed definition of "normative housing require­
ments" -is identical to total population., 

Z. 	The".corresponding number of households, by defintion equal 
to normative housing requirements at any givenpoint in' time 

3. 	!nterperiod increments in normative housing:requirements 

dueto: 

a.'; Increases in the number of households, and 

b. 	 Housing losses 

4. 	 The cost of providing the additional units to meet these
 
incremental requirements.
 

Item I is simply the projection of total population on the basis of 
the three alternative fertility assumptions used throughout this study 
asdes°8r'ibed in Section 2. Item 2 calls for a hypothetical estimate 
of 	faxily size, subsequently divided into the total population to ob­
tain the number of households and, hence, the required housing units. 
It"m 3a is simply the decennial differences with respect to Item 2,and Item 3b corresponds to the interperiod housing losses assumed 
to occur. Item 4 results from multiplying the sum of 3a plus 3b for
 
each period by the assumed cost per housing unit. It follows that
 
quIantitative estimates must be made for average household size,
 
housing-losses, and housing unit costs.
 

The diversity and multiplicity of household size determinants 
make' any projection of this significant dimension of housing require­
ments rather hazardous, as may be judged from the following sample 
of determining factors: (1) the degree of "family extendedness ,-" 

(2) marriage and its age structure,, (3) annulments, separations, and 
thenot unrelated incidence of extramartial relationships,. (4) urban­
rural distribution of the population and related migration, (5),fer­
tility changei, and (6) housing availability itself. 

Despite these difficulties, two considerations afford rough guide­
posts in., estimating household, size'. One, is that some, of the most. 
powerf'ul.:d'eterminants of average.household size, such as rural­
urban migration and family extendedness,' have been moving in the 
direction of reducing family size in Chile for the past few decades, 
;and there is no. indication that this trend will cease in the foresee,­

.able future; the"other is that fertility is positively related to family 
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size To the extent' that fertiity'. elines may accentuateltheten­
dency toward ma~llerfhouseholds (and hne toward increased hous'­
ing requirements forlAny'g ven population 'size), this effect should . 
ibe :considered 'when projecting future h-ousing needs under alterna­
tive fertility assumrptions.,_ 

)These considerations: lead to an assumption of decreasing-house­
hold, size throughout the projection period for all three'fertility 
assumptions. * However, rapidity and extent by which household 
size was assumed to decrease is slowest and smallest for assump­
tion A and fastest and greatest for assumptiont'C as shown in Table 
28... 

Table 28. Total population .(thousands) and average household 
size, 1960"2000. 

Fertility Assumption 
Year A . B . -

Population Size Population Size Population Size 

1960 ' ",683 5.4' 7,683 5.4 7,683 5.4 

1970,. 9,932 5.2 9,575 4.9 9,547 4.9 

1980 13,112 5.0 11,591 4.6 11,295 4.4 

1990 17,650 4.8 14,019 4.3 12,8531 4.0 

2000 23,983 4.6 16, 803 4.0 14,465 3.6 

'This table 'reveals an interesting difference in the way in which 
the .alternative fertility and average household size'assumptions 
operate.: Household size under assumption d iis almio"st 6 percent 
smaller than-under assumption A by 1970, while population is only 
app oximately 4 percent lower.: By contrast, in'the year 2000," 
while the difference in family sizeis about 22 percent, the 'cor-: 
responding difference with respect to population is approximately 
38 percent. These comparisons indicate that, ' initiaUly, the "house­

,-hold size effect" will tend to predominate over the "ipopulation 

Appendix ,C describegthe procedureused for specifying household 
size schedules for each fertility assumption., 
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effect ,in determining the differences between housing requirements 
under the alternative fertility as umptions;: i.d: vice versa toWard* 

'thend.of the projection period... 
:The.effects of the family size kypottleses: on ,numbers of house­

holds are 	tabulated in Table 29. First, under all three fertility, 
,assumptions, the number of families increases. Proportionally:faster 
than total population. .For example, While t~e population -(Table 28) 
grows,2. 2 times during the entire period under -fertility,assumption 
B, households (Table 29) increase 2.8 times. 

Table 29.. 	Differences in number of households attributable 
to alternative fertility and; household size 
assumptions, 1960-2000 (thousands). 

YearA 
FertilityAssum tion 

B ... C 
Difference . 

A-C %Of 

1960 1,423 1,423 1,423 

1970 1,910 1,954 1,948 -38 -2.0 

1980 2,622 2,520 2,567 55 2.1 

1990 3,677 3,260 3,213 464 14.4 

2000 5,214 4,201 4,018 1,196 29.8 

Secondly, the faster rate of household size decrease under fer­
tility assumption C causes the corresponding number of households 
to be,greater than under assumption A during the first 17 years. 
Thereafter, the population growth differentials between the'two, 
assumptions increasingly predominate, and the number of house­
hoid's under A relative to *Cbecomes both absolutely and propor­
tioially greater over-time. -This trend is reflected in the'last'two 
'columns of Table 29, which show how the divergence in' the "number 
of'households between Ithese two assumptions evolves from a minus 
2.0 percent in 1970 to a plus 29. 8 percent by the end of the century. 
Equivalently, the assumptions underlying these calculations imply 
that 5.214'million housing units would be required by the end of the 
.century under fertility assumption A, 4. 201 million under B, and 
4. 018 million under' C -the 'difference between the two extreme , 
numbe rs b'eing .196:million 
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The number-:of housingunti assumed iost by ,destruction and
 
197 8 has neen
taken directiydepreciation duringng the "eriod '1970: 

contained in the SCT (1970) study*"'Thesefiguresfronestimates 
were generated from a dynamic vintage model dating .back to 1930 

'Annual estimatesand anchored on censual data for 1952 and 1960. 


for 11960- 1969, in the same source,: Werepooled ith ,the 19701-1978
 

projections. Values for the years remaining-between '1978 nd' 2000
 
were projected by extrapolatingifrom aiog-linear fit tothiis entire 

!set f~observations.iWhile the divergence between-this latter projec­

tion and one resulting from the extended application of the:vintage 

model would undoubtedly be appreciable on a yearly basis, this vari­

tends to wash, out within, the: decennial periods which were chosenance 
the. simpler projection procedure

.as temporalunits. Consequently, 
was used. 

'Although analytically less problematic than family size, unit costs 
also difficult tofor housing depend on so many factors that they, are 


project. Whereas substantial productivity, gains might be expected
 
mass
in the future from further technological advances and expanded 

it is just as plausible that wages will 'rise sufficiently toproduction, 

counter the cost reduction effect of increasing productivity. In addi­

the cost of the land taken up by additional
tion, as population grows, 
housing will rise. Finally, Ias living standards rise there will be a 

tendency to demand bigger, better, and consequently, costlier housing 

Since there is no justifiable basis to establish which of these sets
 

of opposing forces is more likely.-to predominate in the future, the
 
6519 for the-period 1960­estimated average housing unit cost of E0 

1968 was assumed to prevail without change- throughout the projec­

tion interval. t 

The.incremental differences attributable. to the three fertility 

&ssuiptionsin the number of additionalhousing units needed to 

meetthe additional housing requirements, resulting from the. increas-
Table 31 adds to

ngnumber of households are given in Table 30. 

"Ch- V, p. 3. 

This ,estimate was derived by dividing the total number-of housin6 

units built during the period l960 -i968_.(source:, Servicio de,, 
1970) into gross. investment ,in4..resi­-C'operacionT~cnica study, 


1969) for those years.
dential construction (source: ODEPLANo 
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these the nuber of housing units lost throughout the corres 
ponding period to obtain the projections of total incremental housing. 
requirements. The last two columns in Tables 30 and 31 show, 
respectively, the absolute and relative differences between the re­
sults obtained under assumptions A and C. 

Table 30. 	 Incremental normative housing unit annual 
requirements resulting from additional 
households, 1970-2000 (thousands). 

Fertility Assumption 	 DiffererceYear • ' ' "'. 	 • • -... ' :A B C A-C %of C 

1970 53 56 55 -2 -4 

1980" 78 60 64 14 22 

1990 115 . 79 67 48;- " 72"
 

2000 168- 99 85 83 98
 

Table 31. 	 Total incremental normative housing unit­
annual requirements, 1970-2000 
.(thousands) 

Total Additional Requirementsie"' Housing ... 	 u e , " D. . .-- " 
Year LossesDffrie

Year 	 LcUnder Fertility Assumption 

A B C A-C %ofC 

1970 20 73 76 75. -2­

1980 _33 .111 r 93 97 15, 15, 

M190 52, 167. 131, 119 48 40 

2000 83: 251. 182 168. 83 49 

.Again, the household size assumption predominates over the fer­
'ility effect during.the initial decade (1960-1970), causing incremental 
requirements in 1970 resulting from additional households to be 
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greater under B and C than under A, but thereafter the fertility 
effect predominates and the additional housing requirements of A 
relative to C become increasingly divergent. 

Calculations underlying Table 31 show that for the entire 1960­
2000 period almost 1. 2 million housing units w'sald be "saved" under 
assumption C relative to A. It is evident from the tabulation that 
housing losses comprise a substantial and increasing proportion of 
total housing requirements. In fact, in the final decade, incremental 
requirements due to housing losses account for nearly one-half of the 
total under the lowest fertility assumption, C. 

Projected Housing Expenditures 

Assessment of the implications of housing projections in terms of 
total and public outlays for residential construction requires first the 
resolution of certain other questions: (I) the fraction of the incre­
mental housing requirements to be fulfilled during each period, (2) 
the percentage, if any, of the base year's normative housing deficit 
to be absorbed in each decade, and (3) how the cost of residential 
construction will be distributed between the private and public sectors; 
The answers to these questions in turn depend heavily on assumptions 
about future housing policy and its implementation. 

Examination of official and semi-official documents relating to 
housing policy, together with public and private statementr of officials 
concerned with housing policy, revealed a wide spectrum of housinig 
goals for the coming decades. 

On the basis of this research, it is possible to identify a "minimal 
policy goal" shared by all concerned policy-makers and politicians. 
That is, while most housing targets were more ambitious, to varying 
degrees, than those implied by the "minimal policy goal," none of 
them aimed for less. The minimal target consists of providing addi­
tional housing to the extent required to freeze the 1965 proportion 
(the last year for which empirical estimates are available) of the 
population living under unacceptable housing conditions. 

Table 32 shows projected expenditures required to meet the mini­
mal policy goal during each indicated year to the end of the century. 
The expenditures were derived on the basis of projected population 
and household size schedules associated with the three fertility apsump­
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ing cost. 

4irdeiiiig Tabie 32 is described in Appendix C,
 

"tions, hbti losses' and housing ThL . prvueuure 

'46l 3 :TofiI public and private annual outliys required 

6tomet minimal housing policy goal, I970-2000 
(millions of 1960 escudos). 

Fertility Assumption Dfferene . 

A B C A-C %ofC . 

19706 339+ - ..352 34'+5 + :--r i 6 ......'+12. 

1980 522 450 463 1359 

1990 789 "645 0 189 31 

iiJ199 926 874 325 37 
Nof: See Apfimnltx :C f~r mn~t~l of conspufdfion4 

The impact of declining fertility upon future housing expenditures

tbfids to be offset by decreased household sizes 1 equliring relatively

miore housing units. Despite this, 
 and despite the addition to each of 
ii- three increinental requirements projections of an identical number 

of housing losses, the outlays required under each fertility assumption 
c iitihue to show substantial differences in the final decades. As indi­
cated in the last two columns of the table, the outlay excess of 
assumption A over C increases monotonically from E°59 million (or
13 percent of C's outlays) in the year 1980 to more than E0 300 million 
(oi 37 percent of C's outlays) in the year 2000, For all years during
'the four decades 1960-2000, the difference between the two totals is 

°iieaiLy E 4. 7 billion. 

Table 33 shows the public portion of the total investment that would 
1b rFequired to meet minimal policy goals under the assumption of a 
fliid share of 57 percent of total outlays in residential construction, 
which represents the average proportion of public to total investment 
ii housing for the period 1960-1968. (This projection should be 
regarded as merely illustrative, however, since the ratio in question
has varied widely in the past and may continue to vary in the future.) 
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Tablei 33. 	 Annual public outlays required to meet minimal housing 

policy goal, 1970-2000 (millions of 1960 escudos). 

DifferenceFertilityAssumption 

Year
 

B C A--C %f 
-A 

4. 	 -2
1970 193 20! 197 

34 13
9257
2981980 	 264 


108 31
1990 450 3W342 


498 185' 37
2000 683 528 


The feasibility of attaining the minimal housing policy goal in any 

on both the cost of building the required.
given period will depend 
number of housing units and the amount of investible resources avail­

able for this purpose. Thus, feasibility can be assessed by computing 

the ratio of projected target expenditures for housing to investible 

resources.
 

one measure of the amount of avail­
'Net domestic savings (NDS) is 

able resources allottable to the expannion of the economy's stock, of 
reproducible capital. Housing units, however, are only one of the 

'many types of goods that compose this stock. NDS excludes that part 

of the total savings generated by the economic system required to 

replace capital goods consumed, destroyed, or deteriorated over the 

i. e., it excludes lidepreciation" and the cost of re­
course of 	time, 
placing housing units lost during the projection period. Consequently, 

the projections of Table 32 require adjustment to allow legitimate 

comparison with NDS. 

Empirical estimates for 1960-1968, as well as the entire set of 
re­

projections of the cost of providing the additional housing units 

quired to meet the policy target (or, equivalently, "net" investment
 

in residential construction),, can be readily obtained from thesame
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:set ofdata used to compute the total ("gross") 'investment require,­
ments showi in' Table 32,*, 

; Table 34 presents the ratios of the resultant net projected expen­
ditire requirements and projected'NDS (derived by the same methods 
,as the capital stock of Table 18):for. the three fertility assumptions., 
The:"ratios represent the relative share of investible resources re­
imaining for net additions to the aggregate capital stock that would 
have to be devoted to the construction of additional dwellings to achieve 
the mimmal pohcy target. Since only 8. 7 percent of net domestic 
savings was used for residential construction during the period 1960-

Table 34. Percentage of net domestic savings required 
for additional residential construction to 
meet minimal housing goal, 1970-2000. 

Fertility Assumption 

Year 
A 

(percent) 
B C 

r_._ 

1970 39 40 38 

1980 34 23 24 

1990 29 17 14 

2000 23 13 11 

*Theformula used togenerate the total projections is.specified',in, 
Appendix"C, as 

C ("gross") 6" (0.6 ++ L 

where AP is the net population change in any given period, s is the 
average household size, and L is housing losses during the period. 
To obtain the adjusted, or C ("net"), set of values, exclusive of the 
cost of replacing lost housing units, requires only dropping L from 
this expression and making the necessary computations for each 
projected period. 
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Table 34 offer's'no reasonable basis for hope of.meeting, e19689. 
this century unless fertilitylfals-. Thisminimal policy target with 

even more impact in view of the modesty of'depressing fInding has 
the' minimal policy target: ,to halt further deterioiation'off. the pro-' 

portion of Chilean households lacking decent housing. In, the context 

of a country whose population is increasing, and in all likelihood will 

continue to increase during the next'few decades'at a substantial 

even if the minimal target could be met the number'of Chileanrate, 
families living under unacceptable housing conditions would continue 
"to ris'e.' The failure to meet this targeti as predicted, means that 

this number will grow at an even faster rate than the population 
itself. 
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.,SECTION 6'. 

FERTILITY, HUMAN CAPITAL, FORMATION,
AND FUTURE' ECoNOMIC' GROWTH 

This section discusses some initial attempts to extend the model, 

illowing for the effects of fertility change on educational attainment . 
nd, :in turn, on the productivity of the labor force 

With decreased fertility lowering the number of young people in 

the population, for any given educational budget the resulting reduc­

bion in enrollments allows either a greater, number of years of 

school attendance for each: student or higher quality_ (more costly) 

education, or both.; In,.either case low fertility may provde the 
portunity to upgrade stocks of human capital, both in total and,,.as

p-
a 

result, on a per capita basis as well. 

Within this frame of reference, the model's initial assumption of 

a homogeneous labor force, can be modified by weightingthe produc­

tivity of members ofthe labor..force on the basis of their educational 

attainment. 

While it, iseasy to assert that more education andihigher produc­

tivity, will raise, incomes, the magnitude. ofthese effects, under dif­

ferent fertility assumptions can be derived only through the applica­

tion of an integrated conceptual and computational model. Thus, 
giyen an educational budget as a certain percentage of GNP, the cap­

abilities of society to provide education under different fertility con­
in the labor force can be examined.ditions and productivity changes 

EDUCATION-WEIGHTED LABORFORCE; MODEL 

*Changing fertility eventually affects. the size of the labor for'ce. 

Under, the two-factor neoclassical production function used to this 

the smaller labor force that would eventually re­point in the Study, 
sult.from lower fertility implies, all other: conditions.being equal, 

Of course, other concorrespondingly: lower .levels of gross output. 
ditions' may not be 1equal.. 

http:and,,.as
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Section zi discusses how greater savings Out of per capita income 
~~as . 

thethe effectsmalleron!Yulaborm ~ force for ,afairly extended 
Aeio; but cc~nsider s :n= 

nay offset the effect of 
I.l in terms of absolute numbers

efect~erid,cnsidrs te . ... us..•in dbt .- T . t act,: the 
.n.a,-,.roupo oS group fpurportedlypgp e homogeneous popula. 

praitconsiders only1ussidnphysical capital forma ion. while, in fac,whnpplation is smaller-:a n d 

" ip capr", "theeconomy also maybe abietoproduceoucp' "" possibility exists that when populto ,f- greate r pr d ­- I therOduct thI... . *...-
; prduce human capr- ' I lso~ : - , .....ted,

P+ . +prodct-... "- . .. -- aitaV can be 
bnrd The ,ee ou

ital faster. If more human capi even in 
tivity of workers may offset their smaller numbers. Then, 


in which physical capital formation has not
 
the restrictive case savings and resultant 

oitput will be higher. If, in addition,
changed, 

the combined effects of lower fertility, smaller pop­
investment rise 

greater human capital formation, 
ulation, higher per capita output, 

and higher labor force productivity will be reinforced by relatively
 

amounts of physical capital.
 
greater 


four levels of educational attainment
 
To explore these effects, 


were first posited and weights representing the elasticity of output
 

of each level were attached to 
the input of labor

with "respect to 
The weights represent the percentage by which output changes 

"em. 
ken the labor force in a given educational category grows by I per-

Appendix A describes the development of the weights in some 
-nt. which reflect the produc­

their amounts,
stail and Table A-Z shows 

vity of the individual worker and the relative importance of each 

ucational category in the total labor force. 

ex-
In this study, human capital formation was assumed to occur 

While inclusion of the 
lusively-asa result of formal education. 

in the model would have' been desir­
ff cts"of on-the-job-training 


nolife cycle earnings data, existed

ble, 

considerations that 
Weighting the labor force involved some 

are constant over-time,; this 
If the weightsbe made clear.3hould 

Lmplies that the relative elasticities of output with respect tollabor 

are themselves con­
in the various educational categories

inputs 
an initial set of weights using observed rela­

stant. Alternatively, and a final 
tive wage differentials among the educational classes, 

structure (and presumed underly­
set reflecting the narrower wage coun­
ing; productivity differentials) observed in the industrialized 

can then be program-
The computer model 

tries can be postulated. as time passes. 
red to interpolate between thesetwo sets 'of'weights 

Because of the limited time available for exploring the education­
case was treated.',The 

weighted model, only the, constant weightS 


weights used were the following:
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Education Weights 

SNone 0; 03 

* Prir (1- 0.23l 

* University 0.13­

, Totai Labor Force 0.50 

T e economic capacity of the nation to provide education while 
main*taining other necessary expenditures was next considered., Both 
that portion of GNP which Chile has devoted to education in the re­
cent past and amounts spent by other South American countries in a 
comparable period were examined. Available UNESCO data indicated 
that 3 percent of GNP is a reasonable estimate for Chile. * 

This educational "bUdget," derived as a simple percentage of GNP, 
was' alocated among the various classes of education in two stages by 
the :computational model. First, the existing educational plant"­
square meters of school rooms after depreciation, teachers after 
attrition -was operated to determine current spending. 

The second stage involved investing in new educational capacity in 
terms of both teachers and buildings. Here a variety of alternatives 
was: open. As a preliminary treatment of the allocation problem for 
new investment expenditures, the model expands the various levels 
of'the system"(primary; secondary, -and university) by equal propor­
tional amounts to the extent'allowed by educational budgets. 

,,The amount of expansion desired', In turn, depends on the age­
:eligible popiilation, taken from:the basic population projections,, and 
on,transition matrices describing the passage of students through 
the-three educational levels. These transition matrices, derived 
from the 1960 census and from Single-year transition matrices for"I967-1970provided by the Planning Office of the Ministry of Educa­
ton, allow the calculation of potential educational "demand" in each 
year. Students pass through the system according to the matrices, 
essentially a Markov chain process at each year of age and each 

tiis e-stimate-was derived from UNESCOs statistical yearbooks 

*covering thie decade of the. 1950s and the early years of the 1960s.: 
i-'I:Data for selected Latin.Americanicountries during the first half, 

,ofthe1960sshow ,public spending :fo'r education .ranging -from about 
1".'S to 3. .ipercent of GNP. 
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calendar year. Students continuing at the same level as the' previous 

year or passing on to a higher level are the potential demanders for­
.education. Dropouts and graduates pass into the nonstudent popula­
tion and become eligible for labor force participation. Thus, thei. . 

model tallies the numbers in the population by age, sex, and educai 

tional attainment for each calendar year and disaggregates student 
and nonstudont populations on the basis ,of budget capabilities to pro­

disag­vide education. The resultant numbers in the labor force, 

same variables, are also calculated. Thegregated 	according to the 
projected numbers inthe'labor force for 1970--O000 by educational 

attainment, appear in Table35. 

Table 35. 	Projected numbers'and educational attainment of the 
Chilean labor f-rce, 1970-2000 (thousands), 

,! FertilltyAssumptionr . 
C.. ; 	 ...


tAi it B .......
YearEducation 

330None 	 1970 330 , 330. 
1980 255 255 255 
1990 170 170 170
 
2000 85 85:., 85
 

Elementary 	 1970 1,940 1,940 1,940
 

(Grides 1-8) 	 1980 .. 2,605 2,.590 2,590 
190 • 3,465 3,185 3,150 
2000 4,740. 3,635 3,530 

Secondary 
(Grades 9-12). 

7970. 
1980 
10 

,600 
.840 

,30 . 

600, 
840 .840 

.1,150 

600 

1,1.50 
2000 1,510,; 1,560 . ,555 

University 	 1970., 100 1., 100 
1980', 160, 160 160 
1990 230 .240 240 
2000 32 365 375 

Total Labor Force 	 1970 - 2,970 .2,970 "2,970',855;':1980 '.1'3,.. "I865 
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Results 

Q he economicimpact of the education-weighted labor-force on 
GN~~aiidon'GNP per ~capita is reflected in Tabe3.Thgrsna 

tiia product -of t6e smaller labor force associated with lower fer­
tility is almost exactly offset by the productivity increases attrib­

,utable to greater educational'attainment. As a result of the essen­
-,tiAlVinvariance :of total output among. the three fertility assumptions 
in 'any given-year; GNP per capita rises rapidly, more rapidly in
fact :than underthe 	assumption of a homogeneous labor force, asindicated by thecomparisons of projected average annual growth in 

the table. 
Table 36. Projectied Chilean GNP and GNP per capita With labor 

.orce weighted by educational attainment, 1960-2000. 

t/Growth Year Fertility Assumption Ratios

Ot.~.u/rot!h Yea A B C ' ' C/A 

'GNP -	 1960 4,080' 4,080 4,080 1.00 1.00 
(0ill 	 -:1970 6,695 671.01 6,70 1.0 1.00
onsof 


' 
1960escudos) 	 1980 10,770 10,885 10,900 1.01 1,01
 
1990., :17,250 17,550. -17j610 1.02 1.02
 
2000. 27,775 27,905 28,010 1.00 1.01
 

GNP per Capita.. 	 1960 530 530 530, 1.00 1.00 
(1960 escudos) 	 1970 675 700 705 1.04 1.04
 

1980 820, 940 -965 1.14 1.18
 

.1990' o9801,250 1,370' 1.28 1.40
 
-
2000 1,160 1,660 1,935 1.43 1.6
 

Average Annual. 
,Growth' Raes,_ 

1960-2000W% 

LabWeighted.ForceModel 
GNP 	 9*994 

GNP per Capita 1.97, -2.39,,, 3.28 

Unwighted. Labor 
i; Model
For 


',•NP "." • 	 +G4.61 / " 4. .45 .i,•i4.40 -•. 
p. A. 68 - I 

GNP per Capita" " , 1,.68, 2.43 2.76, 
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MODELEXTENSIONS OF THE WEIGHTED 
labor6ot thie Aducation-weihtedSeea~~~lifScudbe mad 

'force moiel,to improve its sensitivity and accuracy. Theseare: 

one.
STrans'ition matrices. Asingle set of transition matrices, 

used.. _,Each matrix ,was. assumed
for' each ye-ar ".of age, was 

the 40-year period.and'included: elements de­constant. over 
scribing the probability of entering the system,' remaining at 

higher level1, and 'dropping
the. previous level,. advancing to a 

con­
out into the nonstudent population. 	 ,Such an assumption of,.

while simplifying, greatlystancy over a long period of time, 
Since entrance, pro­

the computations, is artificial at best. 

and retention rates seem Alikely.to improve over time,motion, 	 reflectihg projected improvementsSset Ofr transition matrices 
less dynamicwould be Conceptually superior to the present, 


treatment.
 

Z. Sensitivity to.budget proportions. The model's educational bud­

was chosen on the 
get proportion, a constant 3 percent of GNP, 

At 	least two
basis. of information for a. limited span of years. 


on this figure arise: .
questions 
or increasing budgets by 10 

a. 	The"effects'.of decreasing or 

,0 percent,:say,to 2.7 percent'.or to 3.3 percent of 

GNP. Some partial results of these preliminary experi­

ments with changes are noted in Table 37. 

b. The' effects of increases in aggregate demand for educa­
are likely to

tion, especiafly at the university level, which 
incomes and their economic impact underaccompany-higher 


varying fertilityl assumptions.
 

3. 	 Investment priorities.. For computational simplicity an equal 

proportional expansion of the different levels of the.educational 

system was assumed. Other allocational decisions "might re­

flect 	more adequately the aspirations of a developing ,country. 

greater weight might be given to, expansion, of the
For, example, 
primary system when funds allowed, with correspondingly slower 

rates of increaseI'at the other levels. Alternatively, because of 

the crucial dependence of .industrialization on scien'tific and 

technical manpower, university training in those fields, might be 

given priority at the expense of growth, at the lower levels., 
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Table 37. Economic effect in year.2000 of varying 
'C.hilean educational budget. 

rFtiity " 

Assumpption 
GNP, (billions of 
1960 escudos) 

Educational Budget as a Percent of GNP 
2.7% 3.0% 3.3% 3.6% 

A 27.8 

B 27.1 27.9 28.6 29.1 

C 28.0 

GNP per Capita 

(1960 escudos) 

A 	 1,158 

B 1,611 1,661 1,700 1,734 

C 	 1,936 

4. 	 Elasticity of demand. This section has treated demand elas­
ticity for educated workers at all levels as infinite, i.e. 
changes in the numbers, both relative and absolute, of work­
ers with varying levels of education does not alter the rela­
tive productivity and the relative wage of those workers. 
Allowing wage differentials to change over tirme, as discus­
sed earlier, would improve the projection accuracy of the 
model. 

5. 	 Education expenditures. It was assumed, more for ease of 
calculation than for realism, that the public treasury was the 
source of all educational expenditures. Since the students 
educated receive some private benefit it could be argued that 
such a treatment underestimates the amounts of human capital 
formation possible. A more detailed treatment could disaggre­
gate these educational expenditures between private and public 
ones.
 

6. 	 Considerations of efficiency versus equity. The treatment of 
this issue was essentially neutral. Although elementary 
notions of equity implymass education, more controversial 
notions of efficiency may imply more selective educational 
programs in the future. 
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Further iivestigation of the. c'mplex economic and demographic 

interrelationships, sugigesieds iby the foregoing considerations could 

prove to be,exceptionally fruitful in obtaining ab:etter' understanding 
f Chib,otfLt"afor,lumancapital formation and'econonic growth., 
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CONCLUSiONS,
 

Individ6al :sectioiis 6f this repOrt treat the effects of fertility 
decline 6nthe age composition of the population, the size of the 
labor f6rce, the aggregate and per capita output of the economy, and 
three areas of spending on social services-health, education, and 
housitg. They show the extent to which fertility decline arrests the 
trend toward higher dependency rates, allows greater proportions 
of the population to participate in productive activities, leaves the 
growth of total GNP largely unaffected through increasing GNP per 
capita, and leads to substantial savings in the provision of social 
serviees or the alternate possibility of substantial increases in 
their quality. While this study has focused on the economy of Chile# 
the approach used and the consequences of differing rates of popula­
tion growth are equally applicable to other developing countries, 
capitalist and socialist alike. * 

Since a major portion of the study was devoted to consideration 
of fertility impacts on social services, some combined projections 
for annual expenditures are shown in Table 38. The JUferences 
in the proportions of GNP required for public support of these social 
services are striking by the century's end. Table 38 shows that 
3, 5 percent of Chile's GNP would have to be devoted to the support 

of the subset of social services considered if fertility remained at its 
1 96 01 or traditional, level. By contrast, two-thirds of this propor­
tion would maintain the same standards of quality in the distribution 
of these services to the smaller population of assumption C. 

Because of population differences the projection model generates 
hgher perd-capita expenditures by year 2000 under assumptions B 

*lin a major address quoted in the Cuban newspaper Granma, Fidel 
Castro expressed c-nsiderable concern over the economic problems 
accompalying population growth in Cuba. Yet, Cuba's annual rate 
of population increase (2.02 percent from 1958-1970) was less than 
Chile's (2;.4 percent from 1960-1965 and 2. 1 percent from 1966-1970). 
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46l9 384 P~oJected annual public expenditures associated with 
different fertility rates for education, health, and 
housing at decade intervals 1970-2000, Inabsolute 
'tera and as a percentage of total GNP (millions of 
1960 escudos). 

TeSreFertility Assumpton'Yea Type Service-
­-, . .A B C 

t, EducgtkOn 341 337M 337 
,, .169l 163 163 
Husilng 193 201 197 

Total 703 701 697 
Total GNP 6,078 6,101 6,102 

2 Education, Health, dHousiig s% of GNP 11.5 11.5 11.4 

1980 Education 622 547 538 
'Health 172 241 235
hosing 298 257 264 

Toat 1,192 1,045 1,037 
T tal GNF 9,429 9, 556 9,569 

ucation'H lnd a %of GNP 12.6 10.9 10.8 

19 E&dalon 1,050 794 722 
H.eath 458 376 346 
H"In 450 368 342 

Total 1,958 1,538 1,410 
Total GNP 15,022 14,934 14,951 
Education, Health, ndl" Ing as of GNP 13.0 10.3 9.4 

2000 Eduction 1,857 1,301 1,033
Health 809 617 543
Houing 683 528 498 

Total 3,349 2,446 2,074 
Total GNP 24,814 23,303 22,847 
Education, Health, and Housing as% of GNP 13.5 10.5 9.1 

Sources: Tables 7, 14, 25, cid 33. 
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aid C than under A. * Nevertheless, since lowered fertility allows 
a sialler proportion of aggregate GNP, in addition to smaller abso­
lute amounts, to be spent in these service areas in order to maintain 
the same quality of services, more funds could be allocated for 
increasing the quality of health care, education, or housing; more
 
people could be served by extending coverage; or other social goals
 
could be set and met.
 

The projections presented in this study should not be regarded as 
forecasts or predictions of the likely evolution of the pertinent vari­
ables in the future. Each set of three projections reflects alternative 
and widely diverging assumptions regarding the future course of 
Chilean fertility, e.g. , the gross reproduction rate will be roughly 
2. 5 times greater under assumption A than under C in the year 2000. 
Such divergence in the fertility assumptions and consequent diver­
gences of comparable magnitudes in the projected variables encom­
pass too brcad a range to allow them to be regarded as predictions. 
Furthermore, the considerable distance into the future for which 
these variables are projected and the commensurate uncertainty 
are additional justification for not interpreting them as predictions. 

In any event, the models used, especially in the social service 
areas, are sufficiently simple that their projections can easily be 
recalculated using different parameters. This would be a productive 
exercise for investigators especially interested in the workings of 
a single social service tector. 

In their present form, tk.e economic model and the models of the 
three social service sectors are highly aggregated and largely exo­
genous'y specified. Regional and functional details necessary to 
the planner in his day-to-day work are glossed over. But, althoughthe projections and the models underlying them should in no sense 
be considered planning models, they do serve to evaluate expenditures 
for each social service sector within the context of the economy as 
a whole, to show the effects of fertility decline on aggregate economic 
variables, and to indicate demands that might be faced by the econo­
mic system in future decades. The orders of magnitude projected 
for school enrollments, health care, and housing should both stimu­
late the reformulation of the models in greater detail and lead to an 
appreciation for the long-term impact of demographic variables on 
these and other social eervices. 

*These amount to E°139, E°146, and E°143 per capita per year for 
assumptions A, B, and C respectively. 
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NU/MERtCAL VALUES FOR PARTIAL ELASTICITIES 
OF OUTPUT WITH RESPECT TO FACTOR INPUTS 

wit HdMOGMNEOUS LABOR FORCE MODEL|A 

t itheivalsti ttnded consideration in this appendix correspond to the 
depobzitial coefficients o, P in this model's production functiont 

y 2(1+ r) K L () 

, groiS nationai ptioduct 

= &itiual iate rO technological thange 

-1 6etlapedicebe p'od 

K cpta 

L iabor 
Z.= a conistant, 

dtfirtntly available Chilean data on aggregate production function 
va tibles .were not deemed adequate to justify econometric estima­
tlbii of Lhese a, parameters for recent years, Consequently, the 
appfoxitiiate b, P values were established through other less direct 

oites; notably, through available factor income data. 

While it cannot be claimed that the restrictive neoclassical con­
ditiongs re4liied to equate factor shares to corresponding output 

9 irea (1976) ot a ,iuion of Lat&i.Anerican £actoi 
-idiieot data, 
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elasticities are :approximated in fact, the following considerations 
led to the choice of a, O values based in part on observed factor 
prices and factor shares: 

I.Drastic discrepancies between a neoclassical model and the 
real world are by no means confined to Chile. Indeed, such 
discrepancies are pervasive in virtuall 7r any country one may
choose to consider. Nevertheless, economists continue to use 
theoretical results deduced from neoclassical assumptions to 
arrive at estimates of certain variables which defy more direct 
methods of evaluation. The estimation of partial elasticities 
of output for Cobb-Douglas production functions using factor 
income data to derive the el-sticities is a case in point. In 
the context and scope of the present study, these considera­
tions appear to provide sufficient justification to proceed 
similarly. 

'2,' 	In a study by Harberger and Selowsky (1966) completed almost 
four years before income distribution'data could be obtained 
from national accounting statistics, the authors' ingenious 
analysis of indirect evidence and their seasoned judgment led 
them to conclude that Chilean income is distributed in approx­
imately equal shares between labor and capital. 

3. 	 The most current available edition of officially published
 
,Chilean national accounts statistics contains, for the first
 
"time, 	functional income distribution data in the form of annual 
observations from 1960 to 1968. * This source shows "labor's 
share" (defined as the sum of aggregate wages, salaries and 
employer's contributions to workers' social security funds)
fluctuating between 46. 8 and 51.6 percent of national income 
throughout that period, averaging almost exactly 50 percent. 
The remaining half of national income is attributed to pay­
ments to "other factors of production." 

4. 	Undoubtedly, a significant share of this latter half is imputable 
to work performed by the relatively large number of self­
employed workers in Chile. In fact, James Gavan (1968-196c1 
estimates that no less than 15 percent of Chile's national 

ODEPLAN(1969), Cuentas Nacionales 1960-968 . 

7.*
 



7ITMP-56 

income may be accounted for by this group. Thus, if his 
estimates are sound - and the methodological care and 
thoroughness shown in his work suggest that they are ­

relative shares during recent years would be in the neighbor­
hood of 35 percent and 65 percent to capital and labor, 
respectively. 

On the basis of the preceding considerations projections were:computed 	using an alternative pair of at, P values of(0. 50, 0.50) and, 
(Q.35, 0.65). Differences resulting from these alternative specifi­
cations of the production function tended to be relative small. A 
representative sample of the corresponding projection values is, 
tabulated in Table A-1. 

Table A-i. 	 Comparative output projections under two assumptions 
about relative shares for year2000. 

Fertility Assumption ( 5 (0.35, 

A - Constant 1960 Fertility 

Total Output a -24,814 22,617 

Output per pCaptab 1,035 943 

B - Present Decllne Continues 

Total Output0 23,303, 1:20,232 

Output per Capita i 3871 ,204 

C,'--'' 	 TiWo;-Child Norm ' 

TO tput  7'-,22,,-84 .19'594' 

Output perCapit, 1,580 1,355 

Notas- -

MilIIons of 1960 escudos 
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'Finally, the set of projections associated with a = = 0. 50 was 
chosen in accordance with the following rationale. -The available 
evidence indicates that the overwhelming majority of self-employed, 
workers in Chile bring to bear pitifully small amounts of physical 
or human capital in their work. The typical member of this cate­
gory is the street vendor, bootblack, or subsistence farmer. It 
appears fairly certain that, at the margin, the output contribution 
of this labor category is nil for all practical purposes. * Con­
sequently, labor's output elast'city was assessed as the share of 
employed labor (estimated at 50 percent) and that of "capital" as 
the residual 50 percent. Note that the Gavan estimate of relative 
shares was, in effect, modified to allow for the low output elas­

ticity attributed to self-employed workers as a whole. 

EDUCATION-WEIGHTED LABOR FORCE MODEL 
Section 6 deals with a refinement of the basic model in'which tI 

parts-of the labor force, rather than being homogeneous, were. 
weighted according to their educational attainment and correspond­
ingly disparate productivities. In thi variant of the model, the 
production function is given as 

t K 1 L 3 L 4OL L 2Y'= Z (I + 

where the L . refer to the labor input from workers in eachof the 

four educationalattainment categories considered and the remain-, 

ing symbols are defined as in Equation I. 

.Thiere was no apparent reason to alter the validity of the pre_-. 

vious Considerations leading to an assumed value"of0 0.ofor the out­

put elasticity of "labor" as-a.whole. Thus,it was assumed that: 

S =0. 50. and C was again takenas the residual 0. 50.' The 

problem, then, consisted of distributing the'0.50 aggregate labor 
elasticity of output into the i elasticities corresponding: 't thie" 

The observation that members of this category receive pc,.;Ative in­

come for their activities does not contradict this view, which 
allows for a correspondingly positive average product to which they 

have claim. 
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lour .educational attainment categories (L) by whichthe employed 

labor force (L) was' "disaggregated (i., Li= . 

econo-The possibility of arriving at the required estimates 

metrically was barred, a fortiori, by the same data limitations pre­

venting such a procedure for k and P in the basic model. Avail­

able data from Blitz (1963) and Direccion de Estadi'stica y Censos 

(1966) did, however, allow for estimates of relative labor income 

shares of the educational attainment categories. On the basis of 

considerations analogous to those leading to the numberical speci­
chosen such that theirfication of Q and P, the L. values were 


ratios would equal the corresponding average labor income ratios,
 
W , subject to the restriction that their sum equal 0. 50. Sym-'
 

bo'ically, if:
 

W. the average labor income received by workers 
1 belonging to category i, i 1,2,3,4; 

= the number of workers' in thel i category,L i 

Pi values can be chosen to satisfy 'the 'set f equations consisting 

of the system: 

Pi ;WiLl 

- 'j'1,L21 3 3,4;(3)4;_,i 

and 

1 = 0.50. (4) 

Given estimates for W., L., the preceding set of equations can 

be solved uniquely for the Pi . Estimates for the W were obtained 

for the year 1962 from a labor force survey over the metropolitan 

areas of Santiago, Valparaiso, and ViAa del Mar (Blitz, 1963). 

Nationwide Li for 1962 were calculated by log-linear interpolation 

between observations resulting from the 1960 census and a nation­

wide household survey taken by the Direccion de EstadIsticay ... 

Censos (1966). 
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. _ A ' L ,estimatesedin the calculationo 
"of.-the i,-v'as .wel,as t!*e i ,vet theee 

Ta.ble.A 2shbwsthe.. , . 
values 

-Table A-2. Income, labor forc6, and oUtput elasticity. 

wL . WP.Le.c 
EducationalAttainment 
______,____, __. _ 

(escudos) 
. ....__ _ ' 

(thousands
of workers) 

-

(millions.
of escudos) 

(bto 
r . a
elasticity) 

None 55 350- -19.3 0.03 
ar. y- 157. 0.-23 

Elementa '. 1,716 157.9 0.23 

Secondary 191 408 77.9 0.11 

.University 1,231 76 93.6 0.1 

All Categories_ 348.7 0.50Of.i in Pla- , 348-70 

Source:: Blitz (1963) and Ofic nade Planifc ia, Nacional (1969) 

Note: 

T 348.7l.l' 



BAPPENDIX 

UNIERSTYEDUCATION COST: CALCULATIONS 

AVERAGE COST PER UNIVERSITYSTUDEN,
 

Let' C,. standfor total (annual) university costs and N for the total 
numrber of student ;:with 

C, C = the total (annual) cost s assignabe to the awand 
medical'schools, orespectively 

1, N = the numbers' of laW and medical students,. 
m respectively 

N=N 1 +Nm 

The average cost per student, C/N, may be written
 

c N CN
'1-= + M M
 

or more simply, 

" n+ "n . () 
m m
 

It is known that n 1.66 n ;definitionally n. nm = 1,or.. L,im L 


n= I - n . Thus, n - 6 = 0.374, and n = 0.626. Insert­
m 7M 2.6
 

ing all known values into Fquation 2
 

° 161x.0626 l280XV. 374 = 580 (3) 

.10.8 + 478.7* 

IMPC .'OF COMPOSITIONAL SHIFTS.. 

ON AVERAGE COSTS 

In general, the, relative impact of compositional change on aver­

age cost per student may be estimated from 'the lformula 
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* ~.i~ln.14). 

where the subscript i indexes the In"fields ." In the'prisent example, 
n ='2, this expression simplifies to 

(1A (5) 

and, hence 

= ' -'-"= X 0 126 m 0. 24, or 24 percent
"E 580 

DERIVATION OF,UNIVERSITY ENROLLMENT RATIOS, 

;I,, University',enrollmenit was approximately 24T,700,students in 1960 
and73 600 in-1969. ,TDividing each of these quantities bythe'es ti­

mated nunber of individuals aged 18-24 years in 1960 and 1969 
yieildedenrollment ratios, so defined, slightly'under 3 percent for 
1960 and 6 percent for 1970.
 

Dr. Ernesto Schiefelbein (1968),when Director of the Office of 

Educational Planning of the Ministry of Education, suggested that 
to meet future requirements for university level personnel, tertiary 
enrollment should expand in the future at about 6 to 7 percent per 
year. This rate of enrollment expansion was used to project uni-
Versity enrollment in. 1980, ,l990,: and 2000. Each of these projected 
enrollments was divided by the chronologically corresponding esti­
mates of the 18-24 year old population on the basis of the "official" 

were(CELADE/CORFO) projections.., The resulting coefficients 
rounded off to two significant digits -andtaken as the assumed enroll­

ment ratios for.eachof,theseyears., The, complete vectors of:en­

rollrnent ratios used in the three setsof projections are shown in 

Table.16.t 

---For 1969i--. .For 1960, Schiefelbein (1968), p'p32,-' Anexo .10 
Schiefelbein (1970), pp 22-25.
 

(1,970) 
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,The enrollment ratio of 30 percent derived for 2000 by this pro-, 

cedure closely approximates the current U.S. ratio. Because'.. 
Chilean socioeconomic goals for 2000 are often set in terms of cur­

rent U. S. magnitudes, this coincidence may lend additional intuitive 

.appeal to the chosen values. 

TEACHER TRAINING COST 

While in certain Countries graduate curricular programs may 

justifiably be regarded as university-teache r training programs hav­

ing readily identifiable costs (e.g., the Ph. D in a majority of disci­

such is not the case in Chile. The vast majorityplines in the U.S), 

of Chilean university instructors has no greater formal education
 

than the typical university graduate. This gives rise to some ambi­

guity in the concept of university. "teacher training cost."
 

The source of ambiguity lies in the alternative ways in which the 

term "cost" may be defined in the context of an economic good. 

These alternatives can be illustrated by the different ways in which
 

,a firm's accountant and the social statistician define, and compute,
 
a given quantity of the firm's product. - While
the cost of producing 

the firm's accountant uses a cost equation which includes the value 

of all the required inputs, independently of whether they were pur­
"raw material" ) or whether-theychased from other firms (e. g., 

the social statisti­were "added" by the firm itself (e. g., labor), 

cian includes in his corresponding cost equation only the values of
 

those inputs "added" by the firm, leaving out the firm's expendi­

tures on "raw material" purchases.
 

Analogously, one could take this latter point of view on the cost 

,,of training-T rniversity instructor and argue that since nothing has 

been. "Iadded" in "producing" him out of common university grad­

uate "raw material," the cost of training a university instructor is 

,nil. On the other hand, one could argue from a firm accountant's 
Spoint of view that "producing" a university instructor requires 

which is hardly costless and.%providing him with higher education, 
"that, consequently, the cost of training a tertiarylevel instructor
 

should very definitely include the cost of putting him through the
 

:university. Specifically, if fewer university instructors were re­
and theirquired, resources would be liberated for other purposes 


(alternative use) value represents the opportunity cost imputable
 

tcte rtiary teacher training-r '
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1,•This latter view of the, cost of university. teacheri training appears 
far'more pertinent to the context of this study and, ':thus,.: in the one 

adopted.. 
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COMPUTATION 0 hOUSEHOLD
 
SIZES AND HOUSING, OUTLAYS
 

DERIVATION OF HOUSEHOLD SIZE CHANGES 
Time-series data on household size and gross reproductio, rates 

(GRR) were examined, for the few countries for which they Vere 

available, in search of systematic relationships linking these two 

variables over time. This suggested the functional fotm 
t
 

t 	 0
as = 0 (1-r)	 ()t 	 so


where 

B 	 is household size 

g 	 is ,the GRR 

t 	 is the yearly time indexi with t = 0 corresponding 
to a "base"I year 

ra 	are. constants. 

Taking the log-derivative of Equation 1 with rer: . to time yieldi 

d In s t 	 d In g t 
= 
 n(l -r) 1-d .... 	 (2)dt 	 dngdnt 

the finite approximation to Equation 2 can be written as 

5 g 

.Available empirical estimates of s and g for Chile for the years 
1960 and 1968 allow the computation of As/s and Ag/g, and thiis r 

in Equation 3. Knowing r and so , the gt value available for each 
fertility assumption can be used in Equation 3 to generate the st 
schedules associated with each of these assumptions. The st vaites 
appearing in Table 28 approximate the result of the indicated 
calculations. 
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d6(#UtATION OF OUTLAYS TO,MEET 
MINIMAL HOUSING GOAL 

The estimates of Table 32 covering total public and private out­
lays required to meet the minimal housing policy goal for Chile were 
developed from the population and household data of Table 28, houa­
iig stock for 1965 from Servicio Nacional de Salud (1969), and popu-, 
iation data for 1965 from Direccio'n de Estadi'stica y Censos (1 969)1 
The procedure was to let 

.=th number of individuals' requinii"g new housing duringL
thie fid (for'each feftility aind faiiily ,'sizik sikUinoti8ii) 

AP 	 theiiet population ihici.'6hififit (Table 28) i~ih' given 
piod associated with any oieo,6f the three fertiifty 
assumptions
 

= the associated hous~hold size (Table'28) 

L hhousing losses during the period
 

=fiaction of the population.. ,inabepal&,lhddsig,Ii' 1. . . in tliVe~~~i .. '.' . jat" 4' ...

gir 1965, 6Atiit~dto bel 6 6-,by tfie- 'ie ibni~i
 

0 

kL 	 teii§65,stock of;hiig 4its (L. .00o0
.'o;~7;* 0iiiii; 	 Refeirejice 38)froimffnifier" 

a, - ai~rage household size- (= 51; i 
0 oAtitea friom Table 28)' 

.-

S til populationi in the y~at 1965 

8-708 iilion; fr6' dfi S i) 

8.708 

iin2t fiatl iifb*~ idiiai ,~8ii~ i*16ii~u 

61.1 tip i 



C = rp/s (5) 

where I, the estimated parametric unit cost, was found to be 
E6, 519, according to the calculationu an " dg"" in 
kSection 5. Substituting the expression 'inEqutation-'4"for"'Ln"Equa­
tion 5 gives the formula used to generate each cell value' in tfie 
first three columns of Table 3Z; namely' 

C =6,519 [0.6 lap) L] (6) 
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