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SUMMARY |

Demographic phenomena such as marriage, birth”hmigrationl andﬂlabor

‘force'participation arc conditioned by economic fact rs and in turn ;“i
'contribute to the subsequent demographic and economic characteristics _‘”
'of the population.‘ If as seems likely, these types of behavior strongly
"interact and have roots in the common attributes of the individual and
his environment, quantitative analysis should seek to specify and esti4
mate ‘the relevant behavioral relations simultaneously. To view one "

behavioral relationship at a time is likely to produce misleading esmi— ‘

mates of cause "and effett on which policy should be based and obscure:
the direct and indirect ways in which policy instruments influence the
evolution of behavioral patterns in‘ the household sector. This Memo-" -
randum ‘develops a simultaneous-equations model ' that accounts for vanﬂ
demographic-economic behavior :linked to the'family formation. procesz
The 1ack of firm: empirical or theoretical guidance on‘the: specificai
of many of: the. behavioral relationships implies: that" the specific f(
of the model is tentative and exploratory. But, it is: argued thesc
types of household behavior must be analyzed within a common framewc

and this study demonstrates ‘the feasibility of this approacn.

The ‘basic data for the model refer to a large number of small
administrative regions 4n Puerto Rico, called municipios, in the cex
years 1950 and 1960 =as well as intervening years for some variablee
The model is an elaboration and extension of the single-equation anz
sis of birth rate determination by Schultz. We now regard fertility
as jointly determined with women s participation in, the labor force,

interregional migration, personal income, and the prevalen

.character of marital unions. Death. rates, industrial structure °,¢5
"employment, educational levels, and unemployment rates are treated a

exogenous but the age and sex- composition of an area over’time is

determined by the model given the initial state '

years.} During this period the decline in mortali y: s"contributina



isubstantially to the decline in fertility.‘ The relative earnings

"Y of-men 'nd women in the labor or e;accounts fo,”muc"of the

on;in marital arrange \t acr 8s. the‘Commonwealthjand thereby

jindirectly sffects fertility, labor force participation, and possibly
fmigration.g The level of personal real income is weakly but positively ‘
fassociated‘with the birth rate, holding constant for marital composition,.
:recent mortality, adult education, and women s participation in the o
'labor force. As anticipated income differentials appear to be the )
nmjor determinant of interregional migration flows, though the propen;"

sity to migrate differs greatly, of course, among the age and sex
‘cohorts.‘r

| Though the, Specific model estimated in: this study has a number of
?shortcomings, particularly with regard to accounting for interregional
‘migration, ‘the analytical approach to the household sector represents
a promising instrument for extrapolating or. simulating behavioral
;patterns for policy making and planning, with respect to both demo-

graphic and economic goals of. the society.-
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‘I “INTRODUCTION:

,{Ive The family: is commonly encountered as the unir of - observation for

the" study of- savings and expenditure behavior. ‘Recent - reinterpreta—
tions of the theory of: consumer ‘choice; in terms of the allocation of-
"time and goods over time' have further emphasized the interaction :
between the individual “and the: family over the life cycle (Becker-
[1965, 1967], Ghez [1968]).+-In: addition to being: a consumer- unit,

the family is a supplier of'labori It affords the traditional means,
for greater individual specialization among market, nonmarket,%repro=
ductive, and child rearingxactivities. Generationalncyclesvin both
physical savings and human capital formation in children and adults?
:further constrain and shape consumption opportunities of _persons, A.;
within or potentially within a family unit. (Ben—Porath [1967], Ando )
and Modigliani [1963], Tobin [1967]) Some of these aspects of behav
have been investigated but generally each separately, neglecting their
jointly determined character. Demographic phenomena such .as marriagea,
births, migration, and labor force participation are conditioned by
ieconomic factors and in turn contribute to the subsequent demographic
character and economic characteristics of the population. If, as seemsv
likely, these types of behavior strongly interact and have roots in
common attributes of the individual and his environment, quantitative
'analysis should seek to specify and estimate the relevant behavioral

relations simultaneously.

This Memorandum develops a. simultaneous-equations model that
iaccounts for various demographic—economic behavior linked .to. the 'y
family formation process.l The basic data for our model refer to

a latge number of small geographical regions in Puerto Rico, called

- . lFrequently each of two behavioral decisions will depend upon t]
.other.J Generally each contains a random element -- that is, ‘the dec:
_'sions ‘are not deterministic. Furthermore, ‘these random elements wil
*usually not be independent of ‘one another. To avoid biased ‘estimate:
lfof the underlying cause and effect relationships in this case, specl
}simultaneous-equations estimation techniques are required (see J. Jo
‘[1963, Chap. 9]). These statistical methods have been. used in econo
for several decades, ‘and are . found - increasingly today in’ quantitativ
sociology and psychometrics (Goldberger [1969 1970]) :



,municipios, in the census year“hl95‘ vnd1:960faslwell as intervening

model is'an elaboration and extensior

iyears for some variables. ;O"
ﬂof the single-equation analysis of birth rate determination by Schu

f[1969a] We now regard fertilityf;s jointly determined with womenA

participation in the labor force, interregional migration, personal

income, and the prevalence and character of marital unions.

,rates,,industrial structure of employment, educational 1evels

ﬁunemployment rates are treated as exogenous, but the age,an sex,cm

posi:ion of the population of an area’ ‘over! time. is determined byvnh

~model given the initial state.»

vtaining to behavior we seek to model. ’
specification of our model.( In Section 111 we report some prelimin
statistical results from estimating the model for contempor ry :Pue

ﬁRico. In Section IV we summarize and interpret our’ finding i

fdescribe a program for further research designed to’ improve and com

“plete the model.

To predict a particular CcLass OI DeNavior Or WOmeRn iy essedia

fthe task of this study, that is, we ask what factors affect wome .f
;choice of marital status (single, consensually married, legall g mai
labor force status (in or outside of the civilian labor force)
eproductive status (currently bearing a child or not) Although
omplicity with men may be assumed in this behavioral scheme, it is
he observable behavior of women on which we focus, men, regardless
£ marital status and family composition, are commonly found in the

abor~force, earning what they can.l To"a" great extent, the level

1Many of the relationships we ultimately ‘estimate ‘can be viewe
»artially reduced forms for both the appropriate supply and demand
ichedules. For example, in the marital status equations female der
ind male supply of marital agreements (or vice versa) require impl:
idrket prices and quantities. We refer to a locus of equilibria tl
issumed to be a function of the costs and returns to marriage in e:
)f two forms for both of the sexes. In the female labor force par
vation equation, our inability to identify and estimate both the fi
labor supply and derived demand schedules leads us to the traditio
regression equation ‘that includes determinants of shifts in both ﬂ

lemarid and supply schedules.’”



?'market:income, the amount and composition of home produced and consumed
'f‘goods and Services, and the family composition are contingent upon the

"woman s activities. We assume here that the tent to which children

ot ‘
are set to work or. sent to school is exogenous to the model +limitedw~f

'only by the availability of schooling in the region.‘;Within this :
k.behavioral complex the woman

_sfdecision whether to: participate in the
labor force has perhaps received the most systematic attention, particu
';1arly in the United States.;qgeg;{,y

LABOR FORCE PARTICIPAIION OF WOMEN

Analyses of participation rates of women often focus separately
fon single and married women and’ implicitly assume the prevalence and
fduration of marriage influence the size of the female labor force.

It is also presumed ‘that extending the years;; of adolescent schooling
exerts a direct effect .on participation by delaying the age when a
-,woman may conveniently enter-the full-time labor force . (Bowen and
FFinegan [1965]).....The. effects of labor market conditions and- household
4,opportunities for. economic and reproductive activity require a morn*ﬁii
‘“detailed description.i

Women are more ]il

«,employment opportuniéies are attractive. that is, when th rewards

,,general expectations are confirmed by cross-sectional studies of
‘ﬁfemale labor force participation in the United: States, although the

form of the statistical model “and’ the measurement of some ”f

variables .cause: certain difficulties.,nThe,earnings?ofwwomenf r%.ii
Ldirectly associated' nd unemploymen " 'fb”’ y"”" ¢l 7
A(female participation rates _,(Mincer ‘_:[1960 ’ 1962 519661, CaL
1967], ‘Bowen and ‘Finegan [1965, 19691).% ’ |

' Although cross-sectional estimates - may overstate.the. magnitude
2of unemployment 8 :discouraging effect on labor: force participation ,
‘rates: .of :secondary workers, the direction of the net effect in U.S.:
‘studies'appears unambiguous (Mincer [1966]). To our knowledge similar
~studies have not been undertaken in low-income developing countries

to estimate the relationship between female labor force participation


http:rates.of

increasing her desire to work.;wDespite;collinearity berween femalef5

'both variable fappea ‘ Qexer'*independent

earnings and edu~ t

effects on. female participation according to: cross-sectional studies[
' of the United States (Bowen and Finegan [1965]) But the effect of .

education on’ participation is not invariant. In the United States, ;

f,olding constant for age, color, and income, differences in partici—?
pation rates for white wives associated with their education attain—.
ment nearly vanish if one of theii children is less than six (Sweet i
[1968]) - In this case, we might conclude that educated wives .are

strongly influenced in their participation behav1or by the demands of
rearing their own young children.i The evidence from other countries_

on the effects of education on participation is more limited..

. The scarcity or adequacy of other resources available to the*
household may be measured by family income minus that amount the woman
earns herself This measure of "other. income" is inversely associated
with U S participation, and ‘more’ refined measures of income adequately
adjusted for the consumption requirements of the family s composition

strengthen this inverse association (Sweet [1968])

Regional differences in industria fstructure may affect the derived

¥

demand for the labor services of women and hence influence employment

opportunities, wages, and participation. An index of sectoral demand

ara 28’ and earnings opportunities, taking ‘account - of ‘the" interdependence
of the participation decision with decisions related to marriage and
reproduction.

From the 1960 Census’ of Puerto Rico in- which personal income by
sex is tabulated by municipality, we found a significant positive asso-
clation between female participation rates and female 1income, and nega-
tive association between female participation’and both male income -’
rand unemployment. The lack of similar sex-specific income data by .-
region from the 1950 Census precludes our investigation of this rela—
-tionship in later empirical analyses.

lHarman (1969) in‘an analysis . of- individual survey data for the .
Philippines finds female labor force participation: strongly associateda;
with age, directly with educational attainment, and inversely with o
‘marriage.: ' '




- for-female labor'services is: associated‘cross-sectionally” n* he Unitec

States ‘with married: female participationmrates (Belloc?[
and'Finegan [1965])

FAMILY COMPOSITION ~- FERTILITY

" The composition of a woman's family is strongly associated w“qﬁl
her participation in the U.S. labor force. Typically, ‘the number of
own children under the age of 18 and age of youngest child are. both g
strong predictors of participation, and have been interpreted by Cain,
for example, as measures of the opportunity value of a mother's time
in the home (Cain [1965]). But can this variable be treated as
exogenous? - (Sweet [1968].) Because birth control is widely practiced
in the United States (and in Puerto Rico),2 family composition reflects
in part past decisions whether to participate in the labor force today
or bear and rear children today; hence, current family composition and
participation are largely simultaneously and jointly determined in an
earlier planning period, though each i1s subject to some uncertainty:
for the individual household.

The relationship between the recent past fertility and current
participation of women in the labor force can also be interpreted as
partly biological in origin. To some extent sterile and subfecund
women may be found in the labor force because they cannot bear child-
ren. On the other hand, the desire to work may lead to family restric-
tion, and conversely, the desire for a large family may lead to
restricted labor force participation. Probably both the biological:
and behavioral mechanisms operate in all societies, but in low-income
countries where family planning is less reliable and widespread:we’ -
nmight give the biological explanation somewhat greater weight (Stycos’
[1968], Weller [1968, 1970]). Nonetheless, even in the United,§tates,

: lTeenage female participation rates appear less responsive in the
postwar period to this type of demand index, but this may only reflect
~ the growing segmentation of the U.S. labor market in which teenage
employment opportunities are in different sectors than: adult. Our own
results indicate a positive cross-sectional association between such

an index and the overall rate of female labor-force participation. ..
2Presser [1969]. ‘



;;few studies have proven thatxwomen ?career ambitions and their desire

- to: work or to undertake nonfamily\activities actually contribute,_oaw
lower desired or achieved fertility (Pratt and Whelpton [1958],.Ridley
[1959], Westoff [1961 1963], Gendell [1967], Sweet [1968]) It ‘may

_ be more accurate to suppose that participation primarily: affectslthe

;‘timinggof family formation rather than the completed size (R. Freedman

: ;“d Coombs [1966a, l966b], D. Freedman [1963]) Causality is hard to

'confirm among the interactions, for better educated women can earn more,

‘ do earn more, marry later, and have their fewer children closer together,

permitting these women to stay in the labor force for more years.

With reference to low-income countries. the.causal inferences
v.relating female labor force participation and.fertility are further.
wcomplicatedfby 1nadequate measureswofmlabor'forcetparticipation.»‘The
. importance of cottage industries, home handicraft, and live~in domes-
tlc service employment for.women ih“lessydevelopedvcountries suggest

that;all,classes of  female employment may not be equally incompatible
with concurrent. child bearing and .rearing.  Only occupationallcommit-
ments of a more modern sort, outside of the home, constrain the pur-
suit of traditional famiiy roles and are therefore less often observed
in conjunction with high fertility.ll

MARRIAGE
iiii¢.0nce; out of school. the young woman may have a variety of options
includingemarriage,.labor-forcerparticipation,jand perhaps migration.
What;factors influencefhen;choice”,or,the‘choice of the household: of
whichishe'is a member?. Several, studies.have shown that over time in

several, developed countries. there: exists an association between. the

business cycle and the timing of. .marriage and subsequent birth rates

lWhen this distinction among types of female employment is made,
fertility is generally found to be lowest for women in modern occupatic
(those requiring work away from home,’ for example,’ clerical and techni-
“cal activities), intermediate for domestic services and handicrafts;: an
highest for women not classed as participants in the labor force (Hatt
“[1952], Jaffe [1959], Jaffe and Azumi [1960], Gendell [1967], Weller:
(1968, 1970], Collver and Langlois [1962]). Exceptions nevertheless
occur in some cultural settinoe (Stvrac [T0ARY . Pandall) <l wois am o

: [l969])



(Silver [1965, 1966]) Some evidence exists_of cyclical Tluctuation
in marriage :and;birth rates in-low-income coigp;fff”& s for: ;:" :
Puerto Rico .(Combs . and Davis, [1951], Hatt. [1952], Myers and,Gibsoi‘

[1968]) .but cross-sectional differences in the. prevalence of . marria

stem largely from the secular rise in the age of marriage.; These i
cross-sectional differences may . be directly responsive to the levelﬁ
of personal income and. inversely to. unemployment, but more; modestly;
than  marrlage rates and birth rates, for they represent differences_

in a. stock rather than differences in the adjusting flow- over time.,

Where different forms:of marriage‘are common; as~in=PuertofRico
where consensual and legal unions are distinguished,the choice-of
marital status becomes more complex: ‘What factors lead the partners
to prefer marriage and what form of marriage serves the mutual and
the separate interests of.the partners?l, The alleged instability of
congsensual unions. is frequently: thought to be more of a disadvantage:
to the woman.than to the man., But in the urban lower-cla9s1environf.
ment- where this‘institution~is‘common, observers have noted that cony
sensual unions are often matriarchal; the woman, because of h?r:PP?iti
in the labor force and the man's frequent exposure to.unemploymentgﬁ‘~
appears to be both the economic and social authority opting for the
consensual union (Lewis [1965], Goode [1963]). If this hypothesis
is cdrrect, conditions in the labor market that strengthen the, woman's
economic status relative to the mar's should be associated with ‘more
frequent adoption of the consensual marriage route, at least during
the initial years of marriage until the man has established himself
economically. This hypothesis remains, however, a subject of con—nﬁ”
troversy in the sociological literature (Goode f1963])

1"About a quarter of all unions in Puerto Rico are consensual, and
' the persistence of the pattern indicates its utility. 'Although marriage
is generally viewed as more desirable than consensual union, the latter
is not seriously condemned by the lower-class community and has a suf-
'ficient number of advantages to make it attractive., Because of the
“ingulation of the sexes before marriage, men and women enter this o
'?status in considerable ignorance of one another. Divorce for this
:class is difficult and costly. The consensual union" serves as-a- kind

of trial marriage in which a mistake can be corrected without undue
hardship." Stycos [1955, p. 245]}.



p PERSONAL gmcomz ;

The_level of potential income in a community is a function ‘of its

ﬁsupplyfof economic resources and its demands for these resources."In—
fcome from labor constitutes generally from half to three—fourths of
inational income, and, since labor income is’ reported more comnletely
;in surveys and censuses, ‘the larger part of ‘measured income is’ likely
~to be attributed to labor. Formal scnooling is one form of human
capital that is" readily measured and presumed to enhance ‘the produc—
tivity 0f " labor and” hence to raise its earnings potential. ‘But the
earnings potential for .comparable labor services may not. be uniform
Aacross regions .0r sectors,: for the costs of geographic and sectoral
mobility and: imperfections of information hinder the movement of labor

wto eliminate labor market disequilibria.

"UnemploYment<is“the most obvious indication of an insuffictent
level”or“miQ‘Of'locallderived demand: for labor, given the existing
supply’and*inStitutiOnalvstructure. Widespread-unemployment should
therefore depress potential returns to labor in general. Unemploy-
meht*means fewer persons in the labor force are earning an income;
and;”as indicated above, unemployment probably also dissuades some
from’entering'the labor’force’altogether, adding further to the in-
,verse "association expected between unemployment and personal income

?per Fdult person. :

vp‘Sharp sectoral shifts in the composition of derived demand for
labor, sometimes associated with the development process, are another
source of differences in the returns to otherwise comparable labor,
The shift of workers out of agriculture is an important feature of
development dssociated with rising incomes.l Such a rate of exodus

Wfrom agriculture suggests substantial sectoral 'disequilibrium ‘and

;lower potential earnings of labor in agriculture in comparison with. .

Yy In Puerto Rico the proportion of the labor force in agriculture
fell from 39 percent in 1950 to 27 percent in 1960. Unfortunatelyuthe
,census definition of the farming population changed between the7c suses
e 1950 ‘and - 1960 adding further to possible errors in the measure _ntw:
vof this variable.-., '




: otherisﬂctors of the economy.i Other studies of personal incom de

te fination in. developing countries confirm the. effect of education ‘
and the agricultural disequilibrium on: personal incomes.i hut unemploy-l
ment, on the other hand, perhaps because of its vague nature in rhe
low-income setting,‘does not appear always to be strongly associated’

with depressed personal incomes. (Harman [1969])

‘The observed' level of personal income per adult in a community
is' not only a function of the determinants of personal earnings

potential but 1s also a function of how persons allocate’ their time,

" or, more central to our model, how ‘women allocate their time between

labor force participation and homemaking and child rearing activities.
Childbearing should be negatively associated with the level of persona
incomes, and, conversely, greater participation of women in the labor
force, other things equal,” should be associated with greater personal
income per adult in a community. Similarly, the greater the' extent to
which children add their potential earnings to those of the family, at
a cost to their schooling or leisure, the greater should personal;incon
per adult be. ‘Since labor force participation of both women and child-
ren tend to be inversely associated with income or income of thetheadi
of household, it may be difficult to observe directly :the ‘net contribu
tion of these two.groups of secondary workers to personal income (Bowex
and Finegan [1965], Cain. [1966], Sweet {1968]). It is:.possiblex that _
the prevalence of. marriage .and -the frequency- of childbirth are: better
predictors.of the opportunity costs of withdrawing women from the 1abo:
force than their actual participation rates.

Home production activities of families have been studied from}f“
the: point of. view: of having children. Household behavior in this )
sphere is: not. investigated here for: lack of adequately disaggregated

income data.

Cheeleoy 1'

 MIGRATION.
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a single rate of return, which is presumed*to be associated with the
actual migration rate. This view of migration as an investment acti-
vity _undertaken when dincounted benefits outweigh costs 18 conceptually
attractive, but it. requires data for empirical verification that are’
not commonly available, that is, future earnings profiles in. various
locations for various persons and prospective direct and’ opportunity
costs associated with migration. For this reason, we. suspect, the
rate of return approach to migration has received scant direct veri-.
fication and has been "tested""only in terms, of associations between
migration and linear combinations of factors ‘thought likely to influence
the rate of return to, or, attractiveness of, migration (Diehl [1966])
An alternative literature disjointly deals with the determinants

of migration as. either push or pull" factors and does not explicitly
focus on the differences between opportunities in a locality and
elsewhere versus the costs of migration as the underlying determinants
of migration (Lee [1966]) ~ Both approaches may be relevant to under-
standing migration.

Pl It is not now. empirically feasible to calculate the "expected"
rate of return- to- migration as a- predictor: of the: Wigration rate.
Analysis of migration ‘may: nevertheless proceed as follows: Aggregate
variables that: should-affect the rate of return’to migration, such as
regional differences in earnings, unemployment, and the structure of
employment, are:first identified+’ These may in' turn be related to
migration for different age-sex categories in order to distinguish
how the composition of the population influences the responsiveness-

of individuals to such differences among regions._,

- It is well established that. particular ‘groups in:a‘'population -

‘ may be more susceptiblethan. others ‘tos migration opportunities.zAthe
young, who are still relatively unencumbered and flexible .and: look: :
forward to many rewarding years in a new location, the better educated
who are better equipped to evaluate the opportunities and uncertain-v

ties abroad and often the women, who if equally educated with men

: may have more to gain and less to lose from leaving traditional rural
: society and accepting the responsibilities and opportunities of pro-'

gressive urban society. To the extent that the composition of- regionalg



populations differ with regard to age, 8ex; balance, and educationale

attainment, one might expect them to differ in their susceptibilityyﬁ

1to: migration given :the:same : differential opportunities.. There: rare ;-

two methods for dealing with these compositional qualities of- the,

A~*popu1ation.» Either:the- compositional variable may be added to: the‘
predictive modely, ‘implicitly assuming a particular. functional rela-
tionship between the.characteristic ‘and the - probability of . migration,
or.migration may-be considered.: ‘separately . within specific age—sex-X
educat:ion.classes without: specifying the: form of the relationship
between the compositional characteristics and the probability of
migration.‘ Since the age and sex composition of the population is A5
influenced by past migration and influences other aggregate behaviora]
patterns we wish to account for, a disaggregated approach to migratior
is necessary here to capture the dynamic properties of our system of

behavioral relations.A

FERTIbIl'Y AND A HOUSEHOLD MODEl. OF CHOICE

;Reproductive behavior is not ‘always viewed as responsive. to: man 's
environment. .The. Malthusian. .premise -~ that man. 'Procreates- at.a: rela-
tively: constant rate . and-: mortality changes: to achieve- reasonable .
balance between' population: and ;environment: -~ permeates’ many investi—
~gationsiof, fertility and population growth. When historical trendss :
sdos population ‘and- -economic growth coincide, . scholars»cannot agrees Q-W

"whether this. is' coincidental;.or if not,*which:is: ‘cause: :and.which::
effect (Habakkuk [1953], Ohlin.[1955], Clark '[19671) 3 In. contempo-*b
rary high-income countries there is abundant evidence that an’ associa¥
tion exists between the business cycle ‘and birth rates (Silver [1965
1966]) but evidence of long-run swings in economic activity linked
to cycles in population growth and fertility is more controversial
(Abramovitz [1964]) A theory for these longer period fluctuations
in U S fertility has been recently advanced by Easterlin [1968] but
as\yet econometric,techniques ‘have. not been used to test this approac

with disag' egated data

8 Aggregate econometric  uvgels:nave . tended' to.neglect: the economic

T;anﬂ demographic;behaviorkpffgbéihouseholdﬂse¢§5¥{_QThe only major



!estimate simultaneously behavioral relations charac,4rizing household
Fdecisions' rather: they seek to estimateath"probabilityeof specific
ievents~-- such as marriage, birth, female labor force participation -
given a set of conditioning features of the population or "status
;variables," typically demographic and economic in nature.- Realistic ,

’simulation of demographic and economic change at the household level

is their goal, as it is ours, but our methodologies differ.s; pE

b Becker [1960] first proposed to analyze fertility as the outcome
'of consumer choice, but his efforts to test his theory empirically
'were limited. Examination of the empirical implications of this fﬁ
'approach, generalized to conform to the setting of the low-income:?f_
vcountry, has' since yielded stronger confirmation of the model.‘ Ab-
stracting from: uncertainty implicit in the production of children,
~because of both biological factors and the unreliability of birth
‘control, earlier work has accounted for a significant part of the
:variation in fertility interregionally and over: time in terms of the-
lenvironmental constraints on parent demand for children. Of sub-tk7
‘stantial importance in past work- 18’ the compensating association
between the frequency of - (child) death and birth in families (Harman
[1969]) and in: communities (Schultz [19698, l969b, 1970]) The‘object
of the next section is to outline a more comprehensive model oimhouse-
hold behavior in which fertility is treated as’ jointly determined with

the other decisions and their consequences.




THE"MODEL"

‘."1i1n this section, we formulate ‘a: model of several'fnterdependent
ihousehold decisions that explicitly takes into accoun 1the“simu1ta-w

fgn ity involved in these ‘areas of - choice.p The key variables in our,;

;study of" Puerto Rican demographic and economic structure in the 4"u¢
19505 are (1) family size, (2): female labor force participation rate

n(3) marriage patterns,  (4). personal income and (5) migration from

{rural to urban areas. Desired.; or even realized family size is not,
ﬂunfortunately, an observed: variable. Consequently, we have chosen

to focus on.a. directly. observable variable, the crude birth rate. 5;

: Whether or not a woman chooses to work and at what points durin
‘ﬁher life she does so are related to’ the size and composition of her
:family over time. The presence of a number of small children in'the

"household may effectively preclude participation in the 1abor furce

away from home. Fertility and labor force participation are;al_

;affected by marriage, and marriage decisions are made jointly with
.@decisions affecting ultimate- family size and timing as well as labor
5force participation.‘ In Puerto Rico, the distinction between legal

marriage and consensual union is’ a demographically important'one,

since fertility and labor force participation rates differ between

the two types of households. Proportions of women in the relevant

who are legally married: or- in consensual unions are thus

’_also ndogenous to the model.,

}Migration from rural to urpan areas within ruerto ‘K1co:and. betwe
;Puerto Rico and:. mainland United States s highly age and sex’ specific

'In our*model we assume migration depends upon economic differences,

;&such as'income and employment opportunitiesV'that exist among regions

ﬁand on the educational attainments of potential migrants»’

1;7_en within a given age-sex cohort. Demographic.,w:jpﬁh:wb


http:model:.we

fticipationﬁ ate, d migration flows, the endogenous variables o_

‘model,explicitly include the proportions of women legally and consen- :
‘sually‘married and a variable reflecting income both in cash and in
;kind asﬂwell as, implicitly,}the total: population and its age-sex
composition.y In the present version of: the model we do not explicitly
state the identities relating the population in. various age-sex cate-
‘gories to migration rates birth rates, and death -rates - necessary to
close the model demographically. In simulations with the model such
closu'e;is necessary, and the appropriate identities will be explicitly
incorporated.3 Since age—specific death rates are not available by
the small geographical areas that are our units of observation, some
of the equations needed to close the model demographically will not

be identities in the strict .sense of the word but only empirical o

approximations thereto.

Our birth rate’ equation 18 . estimated: using data Ior /> MUN1C1plos
over the eleven-year period 1950-1960"the migration equations are:
fitted to purely cross-sectional data on the. 75 municipios° and' the:
'remsining equations are- estimated by combining the: data’ on the 75:.
municipios for the two census years 1950 and 1960

’yMnemonic symbols and’ descriptions of the main endogenous and

......

‘ The num—i

fber of endogenous variables exceeds the number<of equations explicitly

‘formulated because of the inclusion of: several demographic variables

oﬁlyfimplicitly determined The derived variables actually used in

the»statistical analysis are presented in Table 2 The equations esti-

matev,are summarized in Tab1e=3. On the last page of this Memorandum

fold-out summary table offthe derived variables in the‘complete

1

modei for the;reader to consult ‘as. needed

Estimates of the‘parameters ofjthe,equations listed in Table 3 '

are;presented in the next section.‘ Here we present some justification
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Table 1 f‘"

BASIC VARIABLES AND PARAMETERS FOR A DEMOGRAPHIC-ECONOMIC
MODEL OF' FAMILY DECISION MAKING IN PUERTO RICO

Symbol o , Description
Bit i Total births to mothers residing in municipio i in
o period t.
Lk i oL
flit Number of women 14 years or older economicallv activa
} in municipio i ‘in period t. -
I | Personal income in cash and kind in 1959 dollars:in -

municipio 1 in period t.

me Number of women living in free or in consensual unions
CommE “fin municipio i 1in period t.-

.Number of women legally married in municipio 1 in

ml

R i’period t.

Mfit(‘ Net in-migration (negative for out-migration) of femalee
. in age group k to municipio i 1in period t.,m
*Mmié(i ;Net in—migration (negative for out—migration) of males

in age group k to ‘municipio’ 1 in ‘period

- Female. p nulation in age group k in munic

“period t. |
L’Male population in age group k in municipio i in
"period t. o }
Wﬁ;;mf Total population in municipio i in period t'b
Cig(k? V“Number of ‘children’ 1n’ age ‘group ki in school in‘
R imunicipio i in period t. -
dii ; Total number of’ deaths of persons residing in municip
e 1 dn’ period t. E T
:fﬁi' Number of deaths of infants less’ than oh yegr”§?ﬁ58¢

-uresiding in municipio in period( T

;?Totaliemployment inkinduatry j 'in municipio
- '‘period: t.2




Notes:

1-(continued)

Description

.iNumber of unpaid family workers in. municipioflii in-
;period t.

| 'Total‘ ,‘/-Civilian -1abor force in municipic "1 in period
LB

"Civilian labor force in agriculture in municipio 1
;in periodktt.5

Median years of schooling for persons 25 years or ovel

An, municipio 41 . and period . t.-
‘Total unemployment in municipio, i iﬁ'period7”t.

,Age—specific birth rate per thousand women in age grou

k for Puerto Rico as a whole in 1954.

Proportion of total employment in industry 3 _that 1s
‘female for Puerto Rico as ‘a whole, mean ratio for 1950

and 1960.2

Age-specific female labor force participation rates in
age group k.. for. Puerto Rico as a whole; mean rate

for. 1950-1960 ¢

Age—specific legal marriage rates for age. group k in
Puerto Rico as a whole; mean. rate for 1950-1960

Age-specific consensual. umion rates in age: group ko
for Puerto: Rico as a whole mean rate for 1950-1960

ndustry BIOUpS ana, tne corresponaing . K8, are:

1.’ ‘Agriculture 018
"2, Forestry and fishing 015
3. Mindng . . 012
"4, Construstion \45' 015
"5, Nondurable manufacturing 525
6. Durable -manufacturing:: 226
7. Transportation, " communications .and utilities - 057
8. Wholesale trade ... - - 111
9. Retail food and. dairy products. 084

10 : Eating establishments o 190



A

" .Notes:to Tablel (continued

11. ' Other retail

12, - Finance = o
~13:.Business and repair servic

14, ‘Private housing services .

‘15, ' Other personal services

16. Entertainment _ :
17.  Hospitals, medical and professional services:
18. Educational services, public -

19. Educational services, private

20, Public administration

21, Industry not reported .

b :

The values of a

 are:.

~

ge. Group-

PNV LN

v

uThe'values;Off;§k,’6

o 85 n percent are as follow

©.13.3
30.5
~728.3

27.3
"25.6-

24.0
- 21,0




lable Z

. DERIVED VARIABLES USED IN THE MODEL i
municipio and period aubscripts suppressed

Symbol

;Endogenous Variables

l[mc/Nf(l& +)] . LO

 Dascription and Formila

lCrude bi"thrate <(per. thousand): -

'Female labor force participation rate
3(percent) U

f[fl/Nf(l4 +)] . 10

,2

Person'L income in cash’ or in: kind per’ person

‘of “labor: force age (in hundreds of 1959 .

dollafo)
I/ If(15 65) + Nm(15-65)]

rercentage of females" 14 years and over
legally married (percent):

[ml/Nf(14 91 - 1o2

Percentage of females 14 ‘years ‘and over
living in. consensual unions (percent)
2 -

......

Index of female age composition, age-'

'specific birth rate weights (per thousand),




Table 2 (continued)

. ' _Symbol
Yoo

Y14 (%)

Y15 (k)

-19=-

Y Descriptionfend Formula -

Index-of.{female age composition, age-specifit
labor- force participation rate weights:

Y

Z yk Nf(k) NE(L4 )2
k=l

Adult sex ratio.
Nm(15-64)-JANf(15-64)

Index of female age composition, age-specific
legal-marriage rate weights:

Z 8 Nf(k)//Nf(14 +)?2
k=1 K

Index of female age composition, age-specific
consensual marriage rate weights:

8 .
I e Nf(k)//Nf(14 +*@

k=1

Net in-migration (observations on individual
municipios) for females in age group. k per
capita resident females in age -group k
(annual compound rate) :

[Mf(k)fo(k)]

Net in-migration (observations on individual
municipios). for males in age .group. k- .per..
capita resident males in age group k (annua
compound rate)

[Mm(k)/Nm(k)]

Weighted income differences. among.municipio

for use in‘equation explaining yk(k), 1959

dollars: .

76 Nf(k) + NE (k)
: . (I
Nf(k) f/,Jg;*

L=1_f )



‘Table 2’ (continued)

RATARE

yla(k)

T3

REIY

—2u--

ﬁeeeription'and Formula

;Weighted ‘income differences among municipios

for 'use in equation explaining y14(k) 1959
dollars.

Nm(k) + Nm (k)

*,ﬁ?“(k)

' R
5

-Weighted differences in unemployment rates

for ‘use in equation explaining yl3(k)
”6[M®+Mﬂd

(z,, - z.)¢
NEC) 71" %y

Weighted differences in unemployment rates
for use 1in.equation explaining yld(k)

7

'n'ﬁ(k) + T (1)

N (k)
Weighted differences in the index of demand

for female labor service for use in ‘equation
explaining le(k)

11:§f(k) + NE, (1)

Weighted differences in the index of demand .
for, female 'labor services for use in equation
explaining y14(k)

Relative population index for use in'eqnation
explaining y13(k) '

Nf(k) -va (k

Nf(k)



Table 2 (continued)

Symbol’
Yy (k

vnij(E

| y240‘

2. Exogenous Variables

%1

Descrip;ion and Formula

’Relative population index for ne

equation exp]aining y14(k)

.Nm(k) - Nmi(k) c

f=1": " Nm(k)

‘Dummy variable for use in equation ex-
plaining: .y13(k) to account. for extra cos

of moving to U.S.:

fNo;e’that U .

N@(k) - Nm76(k) c

N (k)

Dummy variable for use in equation ex-
plaining yj4(k) to account for extra cost
and unspecified benefits of moving to U. S..

NE(k) - Nf76(k) c

NE (k)

. Percentage of children aged 7-13. in school'
h(percent) ,

c(7- 13)/[Nf(7-13) + Nm(7 13)] °’10,

}Percentage of children aged 16 1r>in school
;(percent) . Lt

is not included 8. the 76th;5




* Table 2 (continued)’

Description and Formula

Adult schooling (years)
5 T
Lz Crude death rate (per thousand)

2
T (d/N) v 103

Unpaid family workers as a percent o
civilian’labor force (percent):

(f&/LFi . 1o2

hUnemployment rate (percent):
(U/LF) : 1o2

“g Percent of civilian labor force in agri-
LA culture (percent) -

(LFA/LF) "« 102

Infant death rate (per thousand 1ive

z,
,5*9 births):

(IM/b) - 10
“beMb DunmyﬂVariable: 0 in 1950, 1 in 1960,

‘ Notea;
: : "§= 14-19 20—24 25 29 30 34 35 39, 40-44, 45-49 and 50+.

: bBar denotes mean value for age group k in 1950 . and age group
k + 10 4n 1960 PR
k.= 0-4 5-9, 10-14 15- 19 20-24 25 34 35-44 45-54 35 64 65+.

’?ffe Bars denote mean’ values: for ‘age’ group 'k in 1950 and age group
k. 10 in 1960. Summation is over all municipios, unsubscripted vari-

‘;ables refer to municipio of observation. '
ke 0—4 “5=9, 10-14 15-19, 20-24 25-34 35-44 45-5# 55-64 65+




-

‘able’ 2

: LIST OF VARTABLES INCLUDED IN THE ESTIMATED' E&hATIdﬁs

(note.' x(-1) denotes X SN

(l)gj'Birth rate equation ; ‘
Vi Y Yy Yy Vs Vi Zgs Z Z5(22)s 25(=3)s 2g(- 4. zg (- 5). 2z

-+ and also«omitting,zss,and including-zgs,
"Continuous -data, -1950~1960.

(éj. Female labor force participation equation
| !yz‘y3’ 74’ Ys» Yg» Yoi % 230 27, DM
:also omitting Y, and s
(3)‘i Income‘equation
ERERAIRAREL Ygs Y10° %yr %70 Zge DM
'.;also omitting y2 .
(4). Legal marriages equation
{ya ya’ y7' y11’ 22; 23 Z» D DuM
(5)s ;Consensual‘marriages equation~
Vs y3' y7’ Y12’ zz' 23’ 27 D

(5)..;Migration eQuations (note. Thete are 20 squations, one for each
“ UG the. age—sex categories considered)

”;yn(k) Yls(k) y17<k) ylgck), s It

3y14(k) yle(k), Y18<k)' yzo(k). Yzz(k) Vza(k)

“ 3

‘ mation purposes in‘ his'model we trv"t ylS’ y16, y17,

‘y18’ y19,Q¥20’ y21, y22, y23,_ﬂﬁd yz4 as if they were exogenous



'for our;thoice of variables to be included in or: excluded from the

neauations of the model

" BIRTH RA.[‘L hQUAl J.UN

“'~1'An.extensive discussion of some of the factors underlying the

iform of the birth rate equation used in this mode may'be found]in

;Schultz [1969a] Essentially our equation is designed tocreflect a
ifamily 8 desire for a certain ultimate size, that is, for ‘a’ specific
number of surviving children as modified by the adjustments necessary
as the result of. deaths among offspring, actual or anticipated in the
‘future' the intrinsic fertility of the woman as determined by her age,
‘arid certain sociological factors connected with" the form and age of
hmarriage in. the community. Neither age nor form of marriage appeared
to’ exert significant effects on the birth rate in:Schultz's earlier
;study [1969a]; as we shall see, however, the measures used here do
.account for a significant part of the variation in crude birth _rates

4interregiona11y and over time.

SR . . o
% R : 'L"

' The ‘relation between birth rates and the variables we assume to
enter Equation (1) may conveniently be described in terms of the way
in which some variables affect the desired ultimateffamily size, and
then how other variables affect the ‘way in which these desires are
;translated into birth rates. To the extent that children are a superior
‘good higher family income will other things being equal result in
larger desired family sizes. However, it is possible that the costs
:of rearing a child also rise sharply with income. If costs rise suf~

'ficiently fast with income 1arger incomes will be associated with

:smaller desired family sizes. Conversely, the more slowly costs of

ildren rise as incomearises, the more likely that larger

Lfbe used in the productive process at any early age high incomes may

fftend to be associated with smaller desired family sizes.. The effect

{?of income upon birth rates cannot therefore “be predicted a’ priori.l

f’@flIt 18 possible, in’ some agricultural communities in which children
: play an important role as a productive input that increasing income will


http:possible,.in
http:anticipated.in
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V&The extent and duration oﬁ'schooling f e hildren represent a

readily distinguishable component of th

pcost of child rearing., We -
expect it to be inversely associated with desired family size. In:

general children '8 schooling reduces their role in family production
activities including their time to tend to younger siblings

may also impose additional actual support costs on parents.

The more highly educated the parents, the h‘gher the opportunity
cost:of. their ~time; and time is ‘a: substantial component of .the; cost
of; child rearing. In addition, better educated parents may -have
greater aspirations for their offspring.and- consequently anticipate N
higher child rearing and schooling.costs; hence,. high adult educationz
:levels should be. associated with small desired family. sizes. Adult ;
education may further facilitate the parents’. achievement of their
family size goal by .improving their access,to;modern and;more‘reliable
.methods;of birth .control. | |

Participation of women' in the labor force: reflectsxthe decisior

of women ‘and’ their families ‘to allocate more of" their tim :to labor

‘force: ‘activity’ and 1ess ‘to’ homemaking ‘and child rearing*activities.

Where the balance of “incentives ‘favors greater female'labor force

participation, we" anticipate also that smaller family’sizesawill,be‘
desired.

To the extent ‘that consensual unions are considered by those wi
participate” in them to’be more unstable: than legal marriage, the
'typical family size, realized and desired, ‘should tend to be smalle1

‘the” more widely prevalent are ‘free’ unions (Stycos [1955]) Convers1

frates of legal marriage should be associated with larger famil*

‘lead to_ increased savings in the form of investment in durable factors:
fof production, of which children are ‘one form. :



Given desired family size levels, a number of important factors

affect observed birth rates””’Perhaps the most important of these is

the age ‘of the woman, or, since we are dealing with a cross-section
of geographical areas the characteristics of which are changing over
;time owing ‘to migration, the age composition of the women in’ each
area.: Areas with ‘a high proportion ‘of both very young and older
women will tend- to exhibit low birth rates relative to~ areas with a
high proportion of women ‘in the most fertile age’ groups even though
desired family sizes may be: equal, ‘since: the: younger women will not
yet have begun ‘their families and the older women will- have completed
theirs.’ Unfortunately, age-specific birth rates are not- available by
the geographical ‘areas - ‘used ‘in .our" ‘analysis; we have, therefore, ,
created an index of the female age composition for each municipio and
Iyear, using as weights Commonwealth-wide age-specific. birth rates in
1954., Our- index is essentially the crude birth rate we would expect
if. the Commonwealth 1954 rates were. applicable to. the women of .each

ag group in each municipio and each year; consequently, the index

(]

should be positively related to. the observed ‘birth rate and have a

coefficient approximately equal to one.

: Death rates .may also be. expected to.influence the relation between
'the level of desired family size, .and. the birth rate necessary to
,achieve that level. Since some infant deaths are probably not. recorded
in Puerto Rico, especially in rural areas, figures on. infant mortality
'may not .be- reliable in the early 19508., Crude death rates mayf;here-
;fore be a: better measure of survival probabilities both over time and
1cross-sectionally,1' both crude and infant death rates are considered

‘in our final analysis.% High death rates mean . that high birth rates -

‘ Earlier attempts to. incorporate infant mortality rates as ex-—
’."1 ‘ator‘ variables 1ed to insignificant results.

’szo'wa-discussion of biological evidence for .various, lag structures

between child: death rates’ and ‘birth rates see Schultz [1969a and l969b] b
'A two ‘to five year lag is conaidered in our model.;
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are required to, achieve. any given desired family size since fewer@ﬁi

children may;. be expected to survive., Furthermore in th Llong run
the prevalence of high death rates will tend . to be associated with

earlier marriage and closer spacing of children, (since the possibil:

"of replacing‘a lost child late i aimarriage is reduced?by thellowe

(of t e'woman as well as‘by the greater probability that ﬂ
. usband will have died.w

FEMALE LABOR FORCE PARTICIPATION EQUATION

. Fertility and female labor force participation are - interrelated
decisions for married women -and . thus jointly determined An- part, by
a.common set of economic forces. Overall female labor force partici-
pation depends, of course, on the joint behavior, of both. married and-
unmarried women.and ondthe“proportion of each, in relation to the total
number . of women of working.age.  Our equation. relates. the female labor
force; participation rate. (women 1in the labor force as a- percentage of
the number of .women 14.and. over) to income, the proportion of: women
legally married the.proportion . consensually married, and a. number
of. exogenous variables,‘onegof:which,is an;index_of demand;for,female
labor services. Since participation may be severely.- curtailed by.: the”
presence of small children in the home, the number -of children under

five per woman of childbearing age has also been included. o

SE el

e Although income is..endogenous. and, clearly. determined dn part by
whether or not women engage in, child _rearing. activities or participate
in the labor force ,or . work at home production. activities,. income: also'
affects the willingness of women to, participate' hence, , we- consider it
to be jointly and simultaneously determined with. participation rates.
The number of small children present is. the result.of. past decisions

on,familyxsize, which in; turn are. related to . a. woman s participation

in the labor force, over certain. portions; of .her. life ’and‘ or certain’

periods of: time., Thus, cross—sectional differences 1 ‘:his aspect of:

the age composition and in labor force participation ratesvshould e o

Vthe more;small*children around_:-;',th : ok
i pg *Since in gene al,high ] »mf
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;be}”ssociated with proportionately large numbers of small children in
the population, this in turn indirectly relates female 1abor force'mf'
participation and crude birth rates.

As has been well documented the extent of unemployment also

affects the desire of a woman to work and her willingness to. enter ,
the labor force although perhaps in different ways at different R
times. A high rate’ of unemployment may discourage a woman from
seeking employment and thus, technically, she would not be counted as
a member of the labor force. On the other hand when the main family
bread winner becomes unemployed for any extended period of time, other
members of- the family ‘may ‘be driven ‘to seek supplementary employment.
Cross-sectionally, differences in unemployment rates will be positively
or- negatively associated ‘with variations in female labor force partici-
pation rates: depending on whether the "discouraged-worker effect' or
the need for supplementary income predominates. Since: cross-sectional
‘transient ones, and ‘since the entry of women into the labor force to
«provide supplementary income 1s by nature a rather temporary affair,
wei might anticipate that higher than ‘average unemployment levels would
be'associated with lower than: average rates of female labor force partici
pation. (See-Mincer '[1966].) .

Becausetcontinuing in school‘is an alternative to early marriage,
legalfor:consensual;*we*havefalso includedfa*variable'reflecting the
iproportisn-Of children-14-17 still in‘school.. Were the supply of
:schooling?perfectly’elastic’it*would*be neceSsary to’treat the variable
ias endogenous, since the choice: between school and- early marriage
would have ‘to"be made* simultaneously., In-Puerto"Rico, “however, it
appears “that’ the extent of" adolescent schooling is limited largely
tby its availability and“not ‘the" demand for 1ty hence, we have treated
*the proportion of children 14-17° ind school as-'riogenous-and expect it

‘to have'a nesative’ affect’on’ fenale’ labor: force’ participatiOn.l* v

~"We' plan to' test ‘our implicit’ assumption that the: supply of
?schooling is: inelastic and the demand 1s. elastic, “but; -have: not yet
. found" the ‘data - to confirm or reject this hypothesis thatxschool enroll-
‘ments are truly exogenous. ’ EERTES
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On%an age-specific basis, marriage An any form in Puerto Rico

'may depress female: labor force: participation, as should recent child
bearing, and ‘despite’‘the possible association of . legal marriage with
a high- proportion of : women’ past»the main- childbearing years ‘we would

still:expect a negativeweffect«for»Puerto Ricor}J

INCOME EQUATION

Income 1in this study 1is measured as personal income in cash or L
in kind in 1959 dollars per person of 1abor force age (15 65) """
Income so measured clearly depends on the extent to which women work
as well as the extent to which they marry and raise children. Marriage
and childbearing, other things equal, should reduce measuredgincome,_
whereas increased female labor force participation should increase: it,
Furthermore,. the more men there are relative towomen, even:holding
female: labor. force participation and marriage rates constant,‘the;;c
higher income should be since men, on the average, tend to hold: better

paying jobs.

1The evidence for Puerto Rico suggests that female participation
falls monotonically with age after 20-24 in contrast to the United
States where there is a second rise in participation rates from 35260
(Weller [1968]). : - ,

2Our variable is designed to measure the average. personal. income
in cash and kind sources. per person of labor force age, that is, 15-65
The census concept of personal income includes only money income, and
it is reported in terms of a median and a size distribution for persons
14 years and over by municipality. Data from a 1953 family consumption
and expenditure survey of Puerto Rico are used to adjust the census:
figures to include nonmoney income. "
~ Seven income-size classes are distinguished for rural and urban :
families in the 1953 survey. The proportion of nonmoney to money
income for these fourteen groups is computed and used to inflate the
‘census size distribution of money income. In this procedure, it is
assumed that a family contains two persons with equal incomes; thus,
the income classes for families are divided in half before use in the
adjustment of census data for persons (with income). “In the census
'glze distributions, the mid-point of the class is assumed to be the
.mean income of the group, and the mean income of the open-ended income
fclass is estimated to conform to a Pareto distribution fitted to the-
f"high income tail of the income distribution, For the procedure to esti-
_-mate. average income of open-ended income class, see Miller [1953 =~ S
24-27}. Survey data are from Income and Expenditures of ‘Familie
APuerto Rico, 1953. [1967 Vol. I, Tables 21 and 57] ‘ o
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Thevassociation of income levels with educational attainment is
(Hanoch [1965]).,~¥ears of: adult schooling }
*treat as exogenous ‘in this model should therefore be positivel

wellgjocumente_;

associated with income., Widespread unemployment should of course,
;be negatively associated Rural  areas in Puerto- Rico are typically
a. good deal poorer than urban areas, which in large part accounts‘
for the continuing migration from the countryside. Thus,,we expect
to find & negative cross-sectional association between income and

the percent of the civilian labor force employed in agriculture.

TWO LQUATIONS FOR MARRIAGE

s Equations (4) and- (5):of our model attempt to explain: the! per-
centage of women: of marriageable. age who are either consensually or:
legally married. -These two: equations have exactly the: same form.
Higher incomes should: depress consensual unions relative to. legal"
marriages ‘since' the:latter are more costly than 'the former;: at- higher
income levels, however, we would expect to find fewer marriages of.
both sorts as adolescent schooling is prolonged and the age at first
marriage is increased.” Since migration is highly sex selective, the
proportion of men to women varies rather markedly across regions in
Puerto Rico, death rates may also contribute to such variation. Thus,
we have .also: included the ratio of men to women in the age group in

which marrlage, consensual or legal is most likely to occur, 15-34.

B ‘}The exogenous variables in the marriage equations are the per-
centage of children, 14-17, An school an index of demand for female
labor services and the unemployment rate. All of these variables“might
be expected to ‘be. negatively related to legal marriages with the pos-

sibletexception of death rates.“ Schooling is an obstacle to legal mar-

riage but less so to consensual union. Similarly, a high labor force

however, the‘effect should be more pronounced for legal marriagel*nd

(J,

is less clear for consensual union.; Unemployment should have'roughly .

the opposite influence ‘to” income differences although differences ‘in -
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unemployment rates presumabll’ ef1ect "4

fewerv ifferences 4n - taste than doPAorresponding*cross-sectional‘dif-

*“ferences.in Income’

MIGRATION EQUATIONS

_ Central to the dynamic workings of our model are thef”ifferentia
propensities to migrate of different age and sex groups in\the popu-‘
lation. To capture the important effect of migration on the age-sex
structure of the population we have introduced ten age groupings for

each sex, or a total of 20 equatioms.

The estimation model for the 20 migration equations is derived

mathematically in Appendix A as is the method of estimating interi,,’f\,
regional migration rates by age and sex cohort for the period 1950
to 1960. The model assumes that persons of a given age and aex are i
symmetrically attracted (or repelled) by the same weighted sum of 4
differences between the conditions in their locality and elsewhere.’
An educational variable is introduced to reflect the widely observed
and readily explained phenomenon that better educated persons are
more responsive to migration opportunities. Much work remains to. mal
this initial model more realistic._ Further refinements in the model
are needed to test’ whether the" levels of conditions in the origin an¢
destination region- exert a distinguishable effect on migration rates
that is independent of the difference in levels at the core of our
migration model.

Data constraints are particularly severe in ‘he migration equation.

The economic‘incentive provided to the potentialvmigrant by”the labor

marke ;is imperfectly reflected in our estimation equatio ‘,y'the per

level of personal income.‘ Wage rates, distinguished if possible
nould clearly be more appropriate for our purposes.ﬁ The costs:
4ation, on the other. hand are elusive and at a minimum, ‘the

ances between labor markets should in the future be treated as or

f asily quantified component in the costs of migration.v Only the dis-
‘t ceﬁto New York or mainland United States is explicitly considered

iiiourvmodel.v The relative advantage_;of onef“ocation as opposed to



i‘ferences, differences in the unemployment‘ ates, and. 1fferences_in the 
f;level of the demand for female labor services'as measuredkby the index -

 ‘described above. “On the whole, it should be clear that we are least

ffsatisfied with our current treatment “of migration among the many and

; varied elemeqtslof our model.



IT1. |:DATA AND TECHNIQUES

Observations on various demographic and economic characteristics 0
the population in administrative units of Puerto Rico known ‘as municiph
are available from the 1950 and 1960 u. S. censuses.1 These data have
been supplemented by’ additional values ‘for - the mainland United States
from the Special Report on Puerto. Ricans in the U.S. and by vital stati:

tics records of the Department of Health of the Commonwealth of Puerto
Rico.2 We make use of the data on births and deaths for the period 194(
1960, Figure 1 shows the location and Table 4 the name of each municipj

used in our analysis,

BASIC DATAstURCES

The results reported below for Equations (2)- (5). use a: pooled sample‘t
;of observations for 75 municipios 1in Puerto Rico for the: two census years,v
{1950 and: 1960. A dummy variable, 1 in 1960 ‘and 0 in 1950, has been in—
\bcluded in these analyses to allow for a change in intercept.‘ Slopes for
?ﬂthe two census years are assumed to be equal however, all of the esti-
'?mates have been separately computed for the two. years, and where wide
ﬂdivergence occurs, note is’ taken.ai The migration equations, of course,
. involve data from both censuses _but since both are-, needed to compute
"an estimate of the migration, there s only one observation per municipio.
All regressions, except the migration equations, are weighted to reflect
the size of the relevant population. women over: 14 for the female labor
force participation’ and marriage equations, population 15 64 for th‘
income equation, and total’ population for the birth rate equation.

lU S.. Bureau of the Census, U.S. Census of Population, 1950,:Vol.

11, "Chardcteristics of the Population,” Parts 51-54, "Territories and
Possessions," and U.S. Census of Population, 1960, Vol Ty "Characteris-~
tics of the Population," Part 53, "Puerto Rico." The figures for one
municipio (Culebra) were omitted in 1960 and in 1950, ‘and one. (Rio :
Piedras), bordering on San Juan, was combined with the San Juan figures
in 1950 to yleld totals comparable to the 1960 figures for San Juan.:‘

2"Special ‘Reports," Part 3, Chapter D 1950 ‘Vol. IV Puerto Ricans
in the Continental U.S.; and 1960, "Subject Reports," Puerto Ricans’ in
'the U.S.,-Final Report PC (2) - 1D '

- 3The results of the regressions for the 1950 and 1960 separate
samples“are reported in‘ Appendix B,
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LIST OF PUERTO RI'CAN MUNICIPALITIES

 39}“gLares

40, ' Las. Martas

s : . -41,." Las Piedras

4. Aguas’ Buenas 42, Lofza
5. Adbonito i '43. " Luquillo

: nghpsco‘,_iﬂ_ 44. : Manatf

. Arecibo 45, Maricao
. Arroyo - 46, + Maunabo
‘»9.nyarceloneta : 47. Mayaguez
10. Barranquitas 48, Moca
‘11,7 Bayamén ~ 49, Morovis
12, cCabo Rojo 50. Naguabo -
13, Caguas 51. Naranjito
14. Camuy. 52, Orocovis
'15"'Caro&ina 53. Patillas
16 ::Catano - 54. PeMuelas
17. . Cayey 55.  Ponce '
18." Ceiba 56. Quebradilla
19, Ciales 57. Rincén
20. . Cidra .. 58.  Rfo Grande
21. Coamo 59. Sabana Gran
22;~ Comerfo - 60. Salinas
k23.;,Coroza1,_ 61, San Germén
24, ‘Dorado = 62, San Juan
25.""“Fajardo " 63. " San" Lorenzo
26, .. Guénica . - .64.. San Sebasti:
27.. Guayama . .65, Santa Isabe:
28, Guayani1l " 66. Toa Alta
29. Guaynabo. ~367. Toa Baja .
30.;'Gurabo 68.. Trujillo Alf
317" Hatillo <769, “Utuado
32, Hormiguerus 4704 Vega Alta -
33. Humacao 71, Vega Baj:
34, “Isabela ' ‘- "~ 720 Vieques -
35., Jayuya , 513422 Villalba
36. Juana Dfaz T4, Yabucoa
37 June—- LT Yauco

38. . Laja

ﬁNote.iQ

Culebra is omitted owing to its small size and atypical age
1structure,.it is a small island with a total population of 573 in j;.
‘1 Rio® Piedras is combined with San" Juan in 1950 and 1960 for com
iparability with San Juan distinguished in the’ 1960 Censua.gu“fv“ :




nf-our analysis, we cannot lightly discard the intervening nine years
;f data inforder to utilize the available data on other variables.x
lor would we willingly neglect these other variables in our analysis.'
-t is natural to interpolate variables such as income”‘marriage rates,

he age—sex composition of the population, female employment opportuni~

ies, and education, but is it wise; and what then will: .r‘results
nean? A partial answer to these questions is provided'in‘some recent

lnpublished work of Grether [1969]

In an' ordinary regression analysis, in which all values of the
lependent variables are. assumed to be present and some values of the
Lndependent variables may be missing (but these variable ’are,:aSj

xsual assumed to be uncorrelated with the disturbances) the efficiency

>f the estimates may be affected by how the missing observations are
.reated In general when 1t is known that the independent variables
are very highly serially correlated use. of this serial correlation
to interpolate missing values or even linear interpolationimay result
ln substantial gains in the efficiency of estimation, particularly if
the relationship that one is fitting does not fit extremely well. On

the other hand when the degree of serial correlation“is“low or the

relationship being estimated fits well interpolation may. ecreaae
the efficiency of estimation in comparison with discardin incompleterﬂ

JPopulation and other demographic ariables are
"”tha Grether 8

abservation vectorsg"

very slowly changing, hence highly serially correlate‘,”

results suggest a gain in efficiency from interpolating ,servations

an related variables, for example, the index of age composition and

the index of demand fo er'aienlabor s'rvices.i The case for inter-:

polating the income variabl_ is quite weak,1 whereas the case for._i

L I,;may'be.possiblh_tofuse Commonwealth-wide figuresfto inter-
pola e;this’v M/;we;s,all explore;thisgpossibility in_future b5
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interpolation of" the“ducation and marriage—rate*"

ariables: is stronger1h

but” perhaps less clear-cut than for the’two indexes n?net balance

' we feel we have a case for interpolation, although not a strong one.‘
_fThe results presented here for Equation (1) do make use of interpolated
3values of the variables for the two census years, we intend to investigate

further the question of. whether interpolation has been helpful or mot.

;*-vffThe method of" interpolation was as follows. Let x be the series
to be interpolated whereit =:0" represents 1950 and tesr 10 represents

P

;1960 Known values are x0 and x10 The annual compound rate of growth .
“iof X, between 1950 and 1960 is’ given by T in '

U

: log(l+ r) == log
. T 0

» REEO RS

where logarithms are 'to base e.;YInterpolated values for the years .

between 1950, and: 1960 ate obtained by the formula:

t fa (l + r) x ;ﬁ(3¥2)

IS

AThe series yz, y3, y4, y5, zl, 22, 24, 26’ z7; and 28 havehbeenfinter-"

polated oirectly using (3.2). The two indexes y6 and 23, however,~ .
interpolated by first using (3. 2) to, interpolate the component popula—f
tion or employment figures and then applying the fixed weights shown

in Table l to these figures for each year.

: We have made use of a simultaneous-equation technique (basically 5

instrumental variables) in estimating Equations (2) (5) but these'

equations are nonetheless widely familiar cross-sectional; relationships

We;:ave not used simultaneous-equations techniques. in the
the migration equations here but will attempt to do so inht _
Equation (l) presents more interesting estimation problems since it: .
is a relationship in a cross~section of time series.' The relationship
is, as,we shall .see, also implicitly dynamic,; adding still another ,‘ﬁf

dimension to the problem of estimatio1

ESTIMATION OF DYNAMIC RELATIONS IN A CROSS SECTION¢OF?TIMEYSERIES?f

Problems and methods:of estimation usingxdata ona’ numbedtofff

individual units (firms. households, geographicalgareas;
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We,only sum-i

over time“.re*diih“awhw.frffvt ~in;Nei
marize the' Ssential nature of- the problem an‘gits proposed solution

here.

Suppose we observe a large number of individuals 3 N, over a relc

tively short period of time;’T. Let;xit,beza'vector of Kk independent

exogenous variables, let yitgbe an endogenous variable, the current
value. For simplicity, suppose that the relationship to be estimated
contains only one lagged value of the endogenous variable yit

-"1 T yeep T FP Y ug ;»} » (3«.-_'.5)

4here a is a scalar coefficient, B- is a 1xk vector of slopes and Y
is a constant term. The disturbance uit is intended ‘to represent the
net effect of’ numerous individually unimportant factors that have been

from the analysis, as well as any errors of approximation in

the”form of the relation. bince some’ of ‘the’ omitted factors are likely
to be rather specific to the individuals or. geographical regions
involved and time-invariant or only very slowly changing over time,

the followine model has been proposed for their stochastic structure.

N fydl o= i»‘, t=t'
1;1=1ut¢u (3.%)

5 otherwise.;

= (Uypeeelypee

' we’can“write the variance-covariance matrix of the:disturbances a



.
N ‘ OV:V :' l
Buu’ = o° L Gisy
0 0 ... &
where . - } o
P 1: ' co's [o]
A.- . . .
,_p O Ceee 1~

model of the disturbance in the analysis of cross-sections over time

is an example of a rsndom-effects model.

The matrix —§-Euu' has two distinct characteristic roots.h
o '

jz- [(1-p) + 7]
ln = (1 -p).

It ‘may* “be ‘shown (Nerlove [1971b]) that generalized least-squares for

g model with variance-cqvariance matrix given by- (3. 5) amonntp”tojx“
using ‘transformed ‘values of" the variables appearing 4n’ the ‘quation
t““be”estimated (3. 3), rather than the original observations‘” If’~
th: individual ‘of yit,ﬁyf“( l) as the

we write y1 as the mesn of the 1%

g

the appropriately transformed equation is


http:Euu''.a2

, i ‘ z
are disturbances having common variances o ana zero covariances tor

;allui and t.ﬂ It is- well known that estimates based on. (3 7) for
Aknown values of £ and n have optimal large-sample properties.‘ It

wa . hown in Nerlove [1971a] these estimates also have excellent

e Se 4
ple properties, in effect knowing E and n converts a sample

i 'T time periods into a large sample if N is o
'la gev_ven if L& is small

The problem is, of course, that 5 and n are not known a priori,
‘but must either be estimated or assigned ‘some arbitrary value. Set-
?ting p =0 implies £ = =f1, so- that (3 7) reduces to (3.3); hence,
jthe assumption‘p 0 amounts to ordinary least-squares on the ! pooled"
cross-section of time series. It has been shown in the Monte Carlo
experiments reported in Nerlove . [1971a] ‘that ordinary least-squares

yields estimates of a that are seriously biased upward and estimat

'of o? biased downward. The standard errors obtained are consequen

small.% The bias in the coefficients B will depend upon‘ho

mhe variables xit are correlated with yit l’ in the case considere

inyNerlove [1971a], theregwas only one such exogenous variable and
it was positively correlated withgyié 1 so that the bias in its

coefficient was”toward z'ro

Since 5 = (11;

gdne,can see that the second term in
‘each of the square brackets in“(3 7) vanishes asymptotically as{iﬂ

iT *w'” The resulting equationsf:xpress the observations in: terms o

jdeviations from’ individual ‘means, - Estimating @ and B. from such



,uev1at10ns is equivalent to’ estimating regressionsﬁhaving separate Tf

jconstant terms for each individual As cantbe seen;fr:' 8U
regressions neglect the "between-individual" variationiamong theiindi-
‘vidual means as compared with generalized least squares.ﬁ In" the Monte
Carlo experiments reported in Nerlove [1971a], it was shown that such
neglect results in a downward bias in the estimated « and an upward

bias in a derived estimate of p based upon the estimated residual :
variance plus, the "variance" of the constant terms.' In the case con-
sidered a single X, Was positively correlated with yit 1 so that ani

upward bias in the estimated B was observed.,

; Several other methods of estimation, including an instrumental-sf
variable method and ‘a gradient maximum—likelihood procedure were ‘ ;
examined in Nerlove [l97la] The method we use. here ‘appeared to showf
‘the least bias, least mean square error, and greatest overall robust-,
ness against specification problems “This 1is a two-round procedure
based upon a first—stage estimate of p, and thus the weights € and n,
:from a regression with deviations from individual means; the second
round then yields estimates based on transformed observations, as in
(3. 7), using the estimated values of £ and n to welght deviations

from individual means and the individual means themselves.1 The

1Let yi ‘be: the -individual means of the dependent variable, and '
let x (k) be the individual means. ‘of the k th independent variable.

We suppress our earlier separate notation for the lagged value of the'f

dependent variable. Let y and x (k) ‘be the grand means of yig‘f;
xit(k)’ respectively, and let bk be the*estimates of the slopes in a :

least-squares regression of (yit;
%, (k)).'f" |

where

(11)




‘method may be used with';nstrumentar;variables as well as in ordinaty

regression problems‘;fResults for Equation (1) of the model are

reported for both types of estimates in the next section
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IV  EMPIRICAL' RESULTS -

INTRODUCTION

v This section presents estimates of the 25 equations that consti-

tute the family decision making model. As stressed earlier, problems

-“of specification and measurement are- severe in some equations'and less
) final
product of our research but as a tentative demonstration that the

g0 in’ others. These empirical results are’ reported not' asfd

interactions among several types of’ family ‘behavior are significant,.
both in accounting for variation in demographic and economic behaviorv
and for understanding ‘the correct underlying cause and effect " rela—
tionships on which ‘policy must act. Explicit treatment of - these
’related aspects of ‘behavior requires the use of simultaneous equatione
techniques and the consideration of a system of behavioral relations.
To advance our limited knowledge of the: interactions between man s

g environment and his reproductive behavior requires that we broaden

" our. analytical framework to encompass a spectrum of family decision

A‘ making activities.

Both ordinary least squares and instrumental variables have been
used to estimate the : coefficients of the equations. All excludedipre
' determined variables in the system have beén used as instruments in

obtaining the;results labeled IV in the subsequent tables

BIRTH RATES

bTh 'results of fitting Equation (1) explaining birth rktes in

several different ways are reported in Table 5: Ordinary 1

(OLS) and instrumental variable (IV) estimates are computed;

v

using (l)
the levels of the original variables, (2) the deviations of these ‘

~variab1es from municipio means, and (3) the trpnsformed variables,:;;
vwhich are, as described above, a’ weighted combination of such devia—”‘

i,tions and the municipio means themselves.;y The observations on which

- +"Regression results.where the crude death rates are replaced:by .
'=thef nfant death rates are. shown: in Appendix Table D- 1.» Although infm
*-‘death rates ‘are probably a better proxy. for: the. child death ;rate" implL
by ‘our model of reproductive behavior, probable errors in the .measure-




Type of Estimate

_ Rgf

Endogenous variables _zL

Yoi Female labor force
participation ram

4Income ($100)
ly4:-~Legal marriages
¥s* ﬂConsensual marriag
Index of female
.age:composition’

Exqgenous variables

EQUAIION 1:

o Table 5

Y., CRUDE- BIRTH RAIE 1950 - 1960

(t-ratios are reported in parentheses following each coefficient)

-~ +Variable Levels:

OLS TV .
:(})_ia . (2){%
319 S

.0863 (2.56)
294 (l 85)
397 (4 50)
386 (4 53)

0193 (r33)

z,: Adolescent schooli1 0521. (1.56)
z,: Adult education : .742 (2 82)
5(-3) Crude deathe____ e
.lagged three: years .'+5337(4.30)
25(-41 ;7Crude death rate ﬂf‘ o =

‘*tﬂagged four years

zgt. Unpaid family workers

Constan

£2.57°(.61) -

18:72,

.239°(.96)"
3. 221(1”53)
-3. 28 2. 94)

.767C. 91)

~2.05 (2 59)
-.216 (:15)

.0207" (:05)

©-.286 (.68)
: 1975 (4234)

‘.494f;(3;56)

-viations from Munlcipio

Means
OLS IV
§3) ; = (&)
.565" |

.0407 :(1.38)-
-.478.(2.57)

.854 (6.69)

.789 (7.67)

.142 22.53){
-.00151 (.34)
-.816 (3:18)
251 -(4.01)

151 (2.53).,
-.427: (4:97).

-.502 (2.59)

.2786f(§*27)

2 74 (5 42)

- 433 (l 87)

Z.284(2.72)

2,93 (4.04)

.178 (1.76)

$121 (1:20)
a;691 (4 86)

Iransformed Variables

JOLS - o s s IV
Ty T 72N
4
0491 (l 70) ,.303 (2 JU)
<1338 (2.00)  -.494 (. 30);
701 (6:50)  3.70 (3.

‘I716f(i:20)

.170 (3.16)

';0491 (1.70)

- 737 (2 88)
1275 (4 3»‘

173 (2 89)

=\ 377 (4 35)

—3 46 (1 66)

2. 58 (5.
384 (,94},:'
.0447 (.38)
-1.25 (1.27

1213 (2.05)

gy



Table 5 (continued)

Deviations Irom runicipio v
Variable Levels . ~Means . Transformed ‘Variable

Type of Estimate < OLS "IV "OLS. . T IV

= oLS
i o Z y o oy “an )
o 319 562 a 544

27.23

F

E 5.68

Endoggpousfvariables SR

0502 (1.71) -.529 (2. .92). " L0647 (zf]s)
"¢57.445 (2! 39) 488 (57 = :253 (1.51)

_f855 (6. 68)5,*3 1o (3 81)!;" 6 chs 16) - .56
751 (7 64) _“*z 66 (5 76)

2.27 (5.5

y4=‘fLegal marriages > ¥ ;399 (4 54)ff1‘ |
‘,7Consensua1 marriagesﬁf' 390 (4 60) .870 (1572) ﬁ§

.842 ‘8.34)2r1

ys;“Index of female _
: age composition

Exogenous variables E?L e
Adolescent s°h°°lingj BT

Zi244 (2.54)  =.00358 (:09)

ozos (ias)i
‘ - 790 (3 08)

-2.28" (3 81‘

z,:
zZ,: Adult educatiolm
5(—3) Crude death ‘rate’
lagged three years

5(—4) Crude: death rate;
j,:f_ lagged four years
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?all regressions are based are weighted by the square ‘root ‘of municipioi
:populations in the celevant year. Results are reported in he first A
:half of Table 5 for analyses in which y6, the~index of femalefage "
composition, is included the second half of the table, columns (7)—
5(12), shows the result of excluding e

Perhaps the least satisfactory finding presented in Table 5 ‘
1pertains to the coefficient of y6,,the index of female age compositi
fThis index is essentially the crude birth rate we would expect in ea

fmunicipio on the basis of the 1954 age-specific birth rates for the L
{Commonwealth as a whole and the age distribution of the female popu-x.

flation’ n;that municipio. Consequently, we migb. anticipate that the

Fcoefficient of this variable would be positive and close to one, it is
ihowever, negative in the OLS regressions,vand in: the v regression o
5based‘on variable levels significantly 80, What accounts for this

fano_ilous result? Further reflection suggests that although no dyna-

:mic”“ffects (other than those introduced by lagged death rates) ‘have

fbeeiqincluded explicitly in Equation (1), theylare nonetheless present
jand 1ikely to: induce a strong downward bias in the coefficient of y6
gWhen the birth rate is high in a given municipio relative to the _
'average, it is probable that it has been high.for some time and that
inot all the reasons for this persistent diffhrence will have' been xpj,

faccounted for by the explanatory variables appearing in the equatio ;i

:If the birth rate has been high relative to other municipios, then::wf
Aunde, certain relatively mild assumptions (see Keyfitz [1968 p.,186])

there will be proportionately more children in the population. Since

population in high birth rate municipios will have proportionately

fewer women in the fertile ages, 1t follows that the value of our inde
will tend to be low for such municipios. Conversely, when the birth

rate is relatively 1ow in a municipio, the index will tend to be rela-
tively high.‘ Thus, the negative association found between the index .

of female age composition and the birth rate;appears to be accounted

ment (registration) of . infant deaths, ‘ag" noted above, .may detract from
the analvtical iisefulness:of this measureiof:childideath rates. ' '::
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for. by,time-persistent municipio effectsuthat are not allowed for in

the: regressions on::.the levels of : variables.l et

When regressions ‘are’ based unon weighted deviations from municipi

means, the OLS estimates of ‘the coefficient for y6 ‘Becomes’ positive :

‘and significant, but the IV estimate remains’ negative. The esti’ &
" mated proportion of residual variance accounted’ for by time-variant
municipio effects, ﬁ, is very large, '88 ‘to 92 percent;’ consequently,
there is little difference between ‘the estimates based on ‘the’ deviatio
and ‘the transformed variablés. With the transformed variablés the¢OLS
and IV coefficients for Y are both positive, but still substantially
less than one. Since it did not appear to be possible in this ‘analysi
‘to.isolate in an entirely satisfactory manner the potentially importan
effect of the age composition on the crude birth rate, the second. half
of Table 5 reports estimates for Equation (1), excluding.the index.of
female age composition.

The coefficients of legal and consensual marriage rates are
positive and approximately of the same magnitude, except for the 1V
estimates based on variable levels, In the final IV estimates" based
on the transformed data, an increase in legal marriages increases:the
brith rate by somewhat more than does an increase in consersual far-
riages; confirming that with appropriate allowances for interactions
among - household decisions, the secular shift from consensual toVIegal
unions had contributed -to an increase in birth rates,. other things
equal. The participation of women in the labor force is. associated
as we anticipated with lower birth rates, according to the IV esti- '
mates based on either the transformed data or deviations from municioio

means,, A reverse pattern holds for the variable levels.ﬁ

In all regressions the: coefficient for; income was. negative in the
OLS regressions and positive or insignificant in the IV regressions.vv:

In a period of prosperity and. Commonwealth growth -our- particular

This effect 1s particularly marked in’ the unweighted regressions.
[n this case, the coefficient of yg 1is also negstive for the IV regres-
sions.~,Furthermore, the adjustment described in what follows raises ,
the value of the’ coefficient close to one in all instances, ot merely -
Eor the IV regressions as reported below. ' :
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measure of realrpersonal incomexin cash and kind per person of labor
force age increased on the average 45 percent from $474 1n- 1949 to‘
$687 in 1959. Based on the final transformed data, the IV income o
coefficient is negative but insignificant (column 6), and it is |
positive and insignificant if the index of female age composition is
excluded from the regression (column 12) This suggests the tentative
conclusion that the number of children (not necessarily a, quality
adjusted stock) was not a superior good in, Puerto Rico during this
stage of economic development. Other variables that contributed to
the rise in income, however, were also directly responsible for re—

ductions in the birth rate, such .as adult education.

Although ‘we hoped to" capture some elements of the - costs. ‘of:. rearing
children by means of the variable 22, our. analysis - does ‘not:: confirm
“a very strong effect; although negative signs prevail ;generally, only
4n the case of the IV estimates based on deviations- from municipio °
means, are the .t ratios substantial. It is possible that _more sophis-
ticated analysis using data on factors affecting both the family
rdemand for schooling and . the community supply of school facilities

,Mould_permit one to disentangle what we believe to be a potentially

important determinant of desired family size.

With ‘the: exception of the regression ‘estimates on’ variable ;levels
*the coefficient for adult education is: consistently negative and gener:
ally significant.- The magnitude ‘of “the: IV ‘estimates:of»the:education
effect on ‘birth: rates is often twice ‘that of:the OLS: estimates...-

In a11 regressions the crude death rates 1agged three and four
| The coef-
ficients and t ratios for the crude death rates lagged three and’four

years are ‘more: substantial than those estimated: for death rates laggec

‘ 'wFrom 1945 01965 per capita national real: income .increased:on.
the verage about 4 percent per year. .

: gThe regressions results where the crude death rates were replac

y, the infant death rates were”less satisfactory, ‘as ‘seen ‘in Table -

o In ‘the ‘case of deviations rom municipio means and transformed

; data, satisfactory OLS estimate A(positive and significant) were o

“‘obtained; but ‘the IV estimat ,wwere small and generally not statis—
tically significant. o o : s
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two or five years.‘ The three and four year lagged death rates are,v
,therefore, adopted in the specification of Equation (l) estimated he
Depending on the method of estimation, the four-year effect of a L

once-and—for-all unit change in ‘the crude- death rate is ai74 to .7

change in the crude birth rate. The 1v estimates of the coefficient
for the crude death rates are consistently smaller and less signi—*w
ficant than the OLS estimates, and moreover, the magnitude of these
estimates is greater if the regressions are based on the variable

levels rather than on the deviations or the transformed data.:

Contrary to our expectations, the proportion of unpaid family
{w0rkers in the labor force is negatively related to the birth rate
'and significantly so, excapt in ‘the regressions on variable 1evels
TWe conclude from this evidence ‘that our proxy for the productive
}employment of children within the family has reached such:a low 1eve
in Puerto Rico by 1960 (1. 25 percent) that it no longer reflects
Qaccurately the differences in child rearing and working patterns -

lthat it was intended to measure but an entirely different effect. :

To trace through all of the indirect repercussions on the birth
;rate flowing from the other behavioral equations and implicit identi
;ties of the complete model requires simulation. This will be: attemp
gin a 1ater study to evaluate policy alternatives and their influence
:on the birth rate.,’On the whole, the final Iv estimates of the birt
{rate equation based on the transformed variables appear to be satis-
:factory ‘and to. support our prior hypotheses. Possible exceptions ar
;the magnitude and erratic behavior of the index of female age com- -
§position, and .the sign of the unpaid family worker variable. The di
1ficu1ties we had with these twe variables may be related

FEMALE LABOR FOFCE PARTICIPATION RATE

The results of estimatingi”quation (2),fexplaining female 1abox

force participation rates, are reported in Table 6 The observatior

on which these regressions arefbased are weighted by the square root




Table 6 |
EQUATION 2., 2, FEMALE LABOR FORCE PARTICIPATION RATE, 1950 AND 1960 DATA COMBINED . -
R e ratios in parentheses)

E 4,06 5.8

"NEndongous variables 4 e
.»;_,Income (1oos) E 1353 . ( 92) - -.618  (.26) .353 (.93)
H iLegal marriages ib4i3‘f ( 15)1 }f2;88f ;(1ﬁ43) - L
’f5Consensua1 unions f;ﬁ439; v(.17)~ 'ﬁi;gs_ (.85) - e
fChildren under 5 fi_«? S e SR © ' EEDNNE T
. per womam 15-49  -11.6 : (2.21) .-77.0  (1.76) -i2.0 (2. 51),-; =301
< Yot Index of age o E % S RS, Lol - o e
"composition 2.42 . (1.29) .=9.83 - (L74) -2.05 (1. 32) 4,90

TURT

genous variables 4 - "
258 ~“Adolescent schooling -.269 © (3.20)  .255  _ (.64)  -.288 (3.64)  -.145 (1:14)

? 3: Index of demand for . . v
; female labo”ﬂservices -223: '(5.45) ~.163 i(iiﬁé) 1222 §5.§9) ;183 . (2:.81)

1148 . (5.56)  -.639 . (.78). -1.52  (5.82) -1 58; (4:73)

my';(lgso =1 207 (8 173 (95 129 (.58)  6.14

e @ me 9 ®e e e

;f%Variable,norvineluded.infre; :ssion.
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%(3) and (4) report results excluding marriage rateS'* Only i';the OLSv

mregressions do consensual marriages have: the expected negative

'but the stronger converse results of -the: IV: analvsis cast doubt onrs~
tthe hypothesis that the prevalence of. marriage independently depressez
,participation rates. . The .inverse relationship between the number of
young children per adult woman and female labor force participation ~
is unaltered by the exclusion of marriage rates [see columns (3) and
(4)]. 1Income has the expected negative sign in the IV estimates but
low t ratio. The index of age composition has the expected positive

[}

~effect in the IV regression without marriage rates.,_

“ B S

Our index of the demand for female labor force services works
well in explaining. geographical variation in' female labor force parti
-cipation. The’ "discouraged worker" effect of unemployment clearly
predominates in these results as it does in most u.s. cross-sectional
‘studies of women's labor force participation, The effect of a- high
proportion of adolescents in school however, is negative -in the
OLS regressions, reversing sign and losing‘significance inptheﬂly\ ,

regression that includes marriage rates.1

- The effect of personal income on women S: participation rate esti

mated in Equation (2) 48" a combination of the effects of the inco

received by men and women. If it is assumed that men's. earnings are:
not: affected by women' s labor force commitments,' men's earnings would

ex It a, ure‘"income effect" on women 's participation rate, Women 8
v' p (‘

ﬂearnings, on the other hand, contain both" "income and: substitution

effects"' the "substitution effect" must be positive and the “income

effect" we expect to be. negative. Because men - in’ Puerto Rico receive

= ‘*lThe regression results in Tables B-l and B=2 show that the nega
ftive (gross) ‘income effect” ‘on’ labor force participation of women .
ireversed from 1950 to 1960, and young children are becoming less of
‘a constraint on women's participation 4in the labor force. The effect
of ‘adolescent schooling and unemployment also diminished in 1960 com-
'pared with 1950. The index of demand for women's labor force service
performs equally well in both periods, Exclusion of San Juan (Table
C-1) from the combined 1950 and 1960 weighted regression indicates an
5increased effect of income, the age composition index, unemployment,
and the demand for women's labor services on participation outside of
San Juan. On the other hand although the OLS estimates for adolesce
schooling rate are similar to those including San Juan, IV estimates
are less satisfactory when San Juan is eliminated.



i5about5four4times th?"income women ‘received : i‘j1959, ~we infer that the

fimplicit weight attachedxro'men s income‘inﬁEquation (2) is approximately
'[fou 'ti ' '

"The weak negative effect

5§of votal personal income, y3, on women s particlpation therefore suggests
fthat the "income effect" is negative and exceeds 1in absolute’ value ‘the

7 substitution effect" by a factor of about five.3

{PERSONAL INCOME

Results for Equation (3) are presented in Table 7.4 The obser—

vations are weighted by the square root- of the number of persons of

lMen who received income received ‘twice the money income on -the
faverage as _women who received income; twice as many men.as women. received
‘money income in 1959 (U, S _Census of ngulation, 1960, Table 58]

: ?”2If we assume total personal income 1s the sum of male and female
1incomeu B o

6N IRETS

"and that ‘the appropriate form for Equation (2) is
' :vdyz = ay, + By3f + 2 ‘

éwhere 2z comprises the effects: of: additional factors,  the: constant and
fthe disturbance term, and a is the, "{ncome effect!. and B 1s. the algebraic
‘sum’’'of the "income and substitution effects. Then in our estimates of
QEquation (2), :

'. 2 = yy3 + Z

‘The parameter Y can be: expressed as a weighted sum of [ and 8, where the
fweights are. approximately ‘the: proportions ‘of: male “and- female income An’
:the total of personal income*-

Y3 Clyay
Y = o=t =
T2

3Among married women in the unicea otates in Lyou, tne response oI
*participation to. a change in personal income (holding constant the pro-
lportion ‘of income of men and women) may be estimated from some of the
»results of Cain's regression analysis [1966 Table 11, lines 1 and 3] as
“about -,12 to -.14 compared with our IV estimate for Puerto Rico of .98.
“Incomes were, of course, three times as. large in the United States as
"they were in Puerto Rico. Some of the differences may occur because Cain

used a single-equation model, Our OLS estimates of the income coefficient
‘are one-fifth as large as our v estimates._ There is also evidence that
the size of the negative response of participation to income is declining
in Puerto Rico from the analysis of 1950 and 1960 census. data separately.
'See Tables B-1 and B-2. '



. EQUATION 3:- Y

* Type of Estimate "

Fii

OLS
(1) =
.945;

1dogenous variables

»?2

7‘ ‘“Sex'?‘-i'atio :

= :-Variable:-not

Female labor forct.. o
participatlon rate . -.0138

: fLegal marriages 118

'?Cohsensual marriagev;" S
raté Lo

.}Chi]}.}il“&h; under 5 : g

1309f5
=.0856
12,0882
813

inciuaea: in reg

79
'(2.56)
@74
{ilﬁbs)

.o

it13 7
(1.55)
(8.56)

(3 65)

a. 39_)

Table 7

(2)-

176.84

-.278
.0085
-.197
-1.63
2.34

.778

=.490
-.184
-1.66

N oV

'(.03)

(.59) -

(.23)
(.25)

(2.87)

(2.08)
(2.75).

(1.61),

(1.57)

120
1 -.0617 -

a -4.60

oﬁs
(;’3)
.§45

.119

.0904

-.958
4.27

-.0834

.894

33 ] INCOME PER "PERSON OF LABOR FORCE AGE, 1950 AND 1960 DATA COMBINED
r- “-tios in :parentheses) "

31.40

C@sm w0l .60

.8 520. Ei;éi)

o5y a5 T8
(4.05) 2. _(2 33)

BRI iz.é?i

(1.33) 0526 (?575

(10.0) 0618 j(z 191
sy me (1)

" (1.93) L0 ez
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v}labor force age, from 14 to 64 in that municiplo. s Columns. (1) .and .

how OLS;*nd IV results for regressions including female labor

-force’ participation rates, column"f(3) and (4) exclude the part'ci-
Elpation rates. “The . negative simple association between female labor

;’force participation and income, which we interpreted above as the Q:

j:p dominance of ‘the income over the substitution effect on womeniﬁf
7p'rticipation, is not reversed when the income equation is directly
;lestimated in fact, this relationship persists and 1s exaggerated in
vmagnitude when the supposedly more appropriate IV method: of estimati
,‘is employed.l‘_'

When the female labor force participation rate is: excluded from

the regression, ‘the marriage rates and sex ratio bear coefficients of
:the anticipated sign and approximate magnitude in the IV regressions..
fAmong the exogenous variables, adult education is associated with
increased and agricultural composition of the labor force with de-
creased levels of personal income. Unemployment rates are not
-associated with distinctly lower personal income levels in the IV
regression in which female labor force participation rate is exclude_,
_possibly because of the difficulties of measuring unemp loyment ’ comparﬂb’"
'xbetween modern and traditional communities, and between areas where:

furban and-rural economic activities predominate.2

“Regressions using the ‘1960 data alone yield IV estimates:for
ifemale labor force participation ‘that:- are-of the correct sign (positive)
,and exhibit sizable t ratios. See Table B-4,

2Examining ‘the regression results for 1950 and 1960 separately in

: Tables B-3 and B-4, there is evidence of female participation contributing
positively to personal income in 1960 as noted above. The effects of

- marriage, excluding female participation, increased between periods,

'as did the effects of the sex ratio. The effect of the chilf-woman ratio
‘diminished by 1960. The strong effect of education increased somewhat
by 1960, but the most notable change occurred with respect. to the
agricultural disequilibrium., In 1950 the association between agri-
cultural composition and personal income is inverse but weak, yet by

1960 the magnitude of this relationship is greater and exhibits a sub
stantial t ratio. Outside of San Juan the effect of marital status,
unemployment, and agricultural composition on income is more. pronounced.
0f particular interest is the increased importance of sex composition:
and the decreased importance of education in the income equation esti-
mated for the municipalities other than San Juan. :
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LEGAL AND CONSENSUAL MARRIAGES

Sincef“he two marriage equations involve ‘the same explanatory

: variables, except for ‘the age-composition index, it is useful to con
’ sider them together. Results are reported in Tables 8 and 9 for boﬂ
OLS and IV methods of estimation, onitting in the second set the age

composition index.: Observations are weighted ‘as in Equation (2)

In the OLS regression for legal marriages, the estimated coeffi
.cient for the index based on the age composition of women in the :
municipio is as- anticipated positive but-less than one. However,“
the sign of" the age-composition index reverses sign in. the IV regres
sion, ‘and the behavior of the age-composition index in: Equation (5)
1s also erratic. e conclude, therefore, that the regional differ—
ences in age composition are not strongly associated with difference
in the occurrence of the two types of marital unions, and hereafter,
our interpretation focuses on the second set of regressions, omittin

the age-composition index.

As one might anticipate, income appears to have a positive effe
on legal marriage and a negative one on consensual marriage whereas
the reverse is true of unemployment.' According to the OLS regressim
the more men per woman of highly marriageable age in the municipio ‘
the more frequent are consensual marriages, while the prevalence of ..
legal unions is not strongly affected The IV estimates indicate th1
effect of the sex ratio on increasing legal marriages exceeds that
on consensual unions. Greater availability of schooling for adoles-

cents increases consensual unions relative to legal marriages, since

the former may . be. more consistent with continued schooling,f,ut

slightly decreases the combined frequency of all forms of marriage.;

_}index of demand for female labor services 1is consistently assocL
with fewer legal and more: consensual marriages, although the t: ratio

fo ‘these estimates are; “1ow

:'On net balance, the percentage of women currently married appeal

7~to e easefwith an increase in either personal income or adolﬂfcent

7fschooling,@and ‘to . increase somewhat with the local ratio of,men ‘to



~ EQUATION 4: Y

Table 8

4 A PERCENT OF WOMEN (14+) CURRENTLY LEGALLY MARRIED 1950 AND 1960 DATA COMBINED

(t ratios in parentheses)

© variable not included in regression.

‘Type ‘of Estimate . OLS | v . oLs

TR O @ e
® .485 482
P 26.09 ‘

',Endogenous variables A )

" ¥4t " Income (100 $) 718 (2.56) 2.09 (3.19) .866. (3 82);--,, 815"
,‘Yj: Sex ratlo T -.974 (.23) 1.57 (.10) -1.45 '_( 34) L9_,§_7.
.5’11 Index of age - o | . |

composition . 466 (.89) . -3.30 (2.31)

Exogenous varlables : - . |
z,t  Adolescent schooling -.306 (5.45)  -.367 (4.66)  -.310  (5.53)  -.381
'232 Index of demand “for

" female labor S ]
.+ services: -.0561 (1.85) -.507 (.92) -.0546  (1.80). -.0127
z4% Unemployment: ~.232 (1.21) -.245 (1.00) -.243 (1.26) -.260

Dummy (1960 1 4.55 (3.15) -2.08  (.53)  3.73 (3.37)  5.69

"Constant 37.7 (1.40) 224. (2.78) 61.4 (12.7)  40.7

Note.. »

A
2.80

(2 49):

(1 51)

(5.23)

(1.15 )
oy

(3.08)

9S' i



EQUATION 5: Y.,

- Type of Estimate

y12 Index of age’
' composition

Exo genous variab les

Adoles cent schooling

2

23 Index of demand for
2 female labor :

g services e

Unemploymem

Table 9

PERCENT OF WOMEN (14+) CURRENTLY CONSENSUALLY MARRIED, 1950 AND
(t ratios in parentheses)

1960 DATA COMBINED

% = ‘yariable nmot included’in‘ regression.

OLS OLS
(D 3)
.581 .579
20.77
-.677 (2.31)  -3.61 (2.40)  -.813 (3.70)  -i.0 . (4.00)
12.5 (3.02)  2.63 (.15) 12.5 (3.03)  7.74 (.65)
-1.82  (.70)  29.7 (1.68) - -
.232 (4.16)  .451 (3.22)  .240 (4.43)  .278 (4.22)
0173 (.59)  .0671  (1.03)  .0178  (.61)  .046: (1 05)
.319 (1.71)  .0287  (.09)  .315 (1.69) - .167 (:82)
6.18  (3.84) 9.1 (1.07)  -5.35  (4.99) 4.7 (2.79)
9.51  (.37)  -28.  (1.70) -7.99  (1.70)  -5.0! .42y
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womeu.. The estimates for the shift in the intercept between-1¥>U and
1960 for Equations (4) and (5) imply that the extent of legal marriagt
among adult?women increased 5 7 percent and that of consensual mar—
riage decreased 4 7 percent which would have left the proportion
married about unchanged or somewhat increased over the decade had
the other variables in the model not changed. The index of demand
for female labor services and the unemployment rate do not appear to
exert a substantial ‘effect on the proportion of women currently marri
but they may change the composition of marriage with possible impli~

cations for ‘other behavior, such as fertility.;

MIGFATION EQUATIONS

OnlyZpreliminary regression estimates of the twenty migration
equations'are reported in Tables 10 and 11 for men and women, each
according to ten age groups. - Further disaggregation .of the explanatory
variables is needed for specific age and sex components of the popu-
lation, and interrelationships among migration patterns of various age
groups should be incorporated into the model explicitly, as for example,
the link between parent and child migration patterns.

The explanatory'variables in each age-sex migration equation are
the same: (1) population weigirted mean income differences, (2) weighted
differences in unemployment, (3‘ weighted differences in the demand for

female labor services, (4) relative differences in population, (5) a

1The separate regressions for 1950 and 1960 are reported in Tables
B-5 through B-8. These indicate a tendency for the effect of ado-
lescent schooling and unemployment on marriage rates to diminish between
1950 ‘and 1960. Conversely, the sex ratio may particularly affect the
frequency of consensual unions in 1960 rather than in 1950, The coef-
ficient for income, though it does not increase as rapidly as the level
of income, has a more significant association with the form of marriage
in both equations in 1960 than it does in 1950, Omitting San Juan from
the combined data for 1950 and 1960, the regressions reported in Tables
C-3 and C-4 suggest that income, demand for female services, and unem-
ployment exert a more pronounced effect on the composition of marriages
outside of San Juan than within it whereas adolescent schooling is less
important outside of San Juan. The shift in dummy variables that reflect
the unexplained increase in legal: merriages and the decrease in con-
sensual unions from 1950 to 1960 are mure important in San Juan than
in the rest of the Commonwealth.
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EQUATIONS 6: Y13(k) FEMALE MIGRATION IN TEN AGE GROUPS, BETWEEN 1950 AND 19602
(t ratios in parentheses)
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Table 11

,EQUATION 6 aY &(k) MALE MIGRATION IN TEN AGE GROUPS BETWEEN 1950 AND 1960a

(t ratios in parentheses)
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‘variable expressing the- additional ‘costs’ and benefits of moving to
the mainland United States, ‘and,finally, (6)" A variable reflecting
differences in educational levels among municipios unweighted by popu-
lation, All variables with the exception of education are weighted
differences between the municipio to which the observation refers and
all other municipios of Puerto Rico and the mainland U S, Puerto
Rican-born population. Although the mainland U.S. figuree are. used
in computing the values of the explanatory variables we do not, con=
sider a separate independent observation for in-migration to the L
mainland United States but fit our equation only .to the 75 Puerto

Rican observations.1

We have estimated all equations by ordinary least ‘squares without
weighting the observations; however, in a later study we-intend.to<
use instrumental variables and appropriately weight*the~migrationx%
rates. The age groups used in our analysis refer ‘to ages 'in1950;"
thus the 0-4 group was 10-14 in 1960. Although equations“have“been
estimated ‘for each of these age groups, we did not in fact anticipate
‘that all equations would fit equally well; indeed, there are groups,
such as children ages 0-4 or retiring adults, who tend to migrate
.little and, when they do, different factors from those included in '
our model may be responsible, such as.parent migration andhclimate;
We thus expect no direct explanatory power for our equations for suc}
.groups, .To.the extent that these groups are "taken along“ by groups
who do migrate, however, the equations may. reflect certain unspecifit

indirect effects.

Female migration rates are generally‘less well explained than m

rates. The highest multiple correlations occur for males who vere

1See Appendix A for the practical difficulties in estimating
.gthe migration flow to the United States from Puerto Rico. Since, in
. principle, it should be possible to compute the migration to the
“United States from the other information in the model, we cannot
‘“regard the 76th migration observation as strictly independent. Thes:
ﬂmigration equations are, therefore, estimated for only the 75 Puerto
-“Rican municipio migration rates as estimated by Census Survival

techniques explained in Appendix A,
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) between,S andm24 inil950 ’
rruniform vcrossiage groups, but higher values .are’ also found for females
gwho were between 5 and 19 in 1950# .

he . correlations for females are much more E

:fexp cted for age groups when migration rates are high and where also

,”‘planatory power of ‘our equations is high. Differences in the
demand ‘for female labor- services appear to. explain migration, ‘even ‘of
ffemales ‘hardly at all; occasionally respectable t ratios, ‘however,
are‘accompanied by the expected positive signs.- Relative'population
effects are predominantlyinegative.' Because of the way thesé: variables
are constructed we interpret this as implying that migration occurs
more,than‘proportionately.from'rural_areasvwitharelatively;small
populations to urban areas with relatively large populations., Unem-
ployment works poorly as an, explanatory variable, often. having the
-wrong sign aud rarely exhibiting satisfactory t ratios. Education
’/is also not a useful explanatory variable, perhaps because in this
preliminary analysis it refers to the percentage of. adolescents in
school rather than to the education attainments of each specific age

and sex cohort.

On the whole, the preliminary migration equations must be regarded
as unsatisfactory, and more work- will be’ necessary to find" the most
Jseful level of disaggregation and the appropriate specification of
thefmodel for understanding migration behavior of each’ of. these- groups
Lthhe;Buerto Rican population;
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«V ¥~ IMPLICATIONS FOR -POLICY//AND: FURTHER RESEARCH *

'FEASIBILITY AND NECESSlTY OF A SIMULTANEOUS‘EQUATIONS«MODEL

Regardless ‘of’ what one may ' think of the individual equations
making up our model of. family decision making in Puerto Ricoi== and we

have more to ‘say: ‘about these- individual equations below == it seems

?“clear that it is- both possible and- desirable to consider a set of:
'decisions ‘jointly: - A family' 8 decisions with. regard to its- ultimate ﬂ
size, its location, its form, and whether: the woman': shall work and:at
what periods of her life are all jointly determined variables over the :
lifetimes of the individuals making up. the family and thus jointly
determined when aggregates of individuals are considered at a point

in time.

" We have seen that the crude birth rate in an area is strongly. .
influenced by the proportion of the-adult women in legal and consensual
Aunions. The extent of female participation in the labor force contrib-
“utes to somewhat lower current fertility, and conversely, women are.
inhibited from entering the labor force by the presence of young child—
ren and higher levels of personal income. The form and prevalence of
marriage in turn is influenced by income levels ‘and the local sex
'balance among those of marriageable age which is powerfully affected
by migration.v These ‘are all endogenous influences that are explained
Jointly by the model. Education, opportunities for women to work
the degree to which children are employed within the. family, and
mortality also influence births, both’ directly ‘and through their

influence on the other endogenous variables of the model, To. under-'3u

~stand how such' ariables exert their effect, one’must- trace both direct

effectvon'female labor force participation, income and the number ol

chi_dren under five do so importantly._ The latter provides a strong

but indirect connection between birth rates and female labor force

participation.; Such an association also results from the common



’tﬁé?hbae 15" me

The strongest‘ nfluences

£1 he'opportunities for a; woman“to ¢ ;m

:*ed”byfour index of‘demand for female labor services.

»incomes appear to me the"exten to(

‘j'region is agricuitural the educational attainments of its

inhabitants,:and the ratio of the sexes., The latter is influenced u-

greatly by migration and provides yet another indirect link between

demographic composition and births.r Since income also influences form

of’marriage, and this in turn does appear to influence fertility,

still another chain of connection appears in the system.<

:*'»\

Migration is affected primarily by economic differences among '

regions, but because it 18 s0’ age “and “sex’ selective, it is greatly

influenced by, and greatly influences, demographic composition. '

CLOSING AND SIMULATING THE MODEL

As indicated above, our model is not fully
many more endogenous demographic variables than

by the model.1 ‘In principle the age groups of

closed, containing
are in fact "explained"

‘dach sex’ present in a

given ‘population are related by a series of identities. For a given

“area and’ each sex, let
N (t) =

~Dk(t)

period t,p

uk(t).

durine nariad t.

o rOrexamplie,: the numoer- or. cnilaren: unaer.

the population*in the kth age group.during period t;

‘deaths of" members of the kth .age. groups during

net in-migration of members of the kth age group

Ilve years per aaudt

‘woman in a region 1s a function of the number of children born in the
past five years, the number who have migrated (presumably with their

parents), and the number who have died, as well
“"variables determining the number of adult women
‘rates and migration rates change. in-.response to.
“variables of. the model, therefore, and as death
“‘number of children under five ‘and the number of
will slowly. wvary.::

as a similar list of
present. ~ As birth
changes .in the exogenous
rates change ‘both. the
adult woien'in a ‘region



If the kth age group consists of persons whose ages vary by more than

one time: period (for example, a period 15" one year and an age group

consists of persons aged 25 29 years), we need als

.Ak(t) k+1(t) = the number of persons agiug vuL UL gEoUp -

k and "aging Anto" group k + 1 during period.
tl

For the first age group, births .must. aisuives consigered; DUT Cnese

are simply those who "age into" the first age .group, B (t-l) = B(t)

The basic population identities are thus

M (E) = N (e=1) = D (t-1) + B (t-l) - Ak(t-l) +H (c-1) G

for each age group k and each.sex and region,“k =1, ..., K.

If the final age group, K, is open—ended for example, 65+, aging
out of that group is zero: AK(t) = 0. If we knew the incidence of
death and migration at each age within an age group then it would be
easy to calculate: the Ak and Bk’ since births are kuown for each period
Without knowledge of deaths and migration at each individual age,
approximate solutions for AK ‘and BK exist. For example, if persons
were uniformly distributed by age across an age group of n periods,

a.fraction ;l of the total .population: group passes- each ‘period into the
k

ekt age group, thus,'

Ak(t) ¥ ;1-1:; N (0) <4z> :

A life table shows, for each age group, the fraction of the popu-
lation “in that age group who may ‘be expected to survive to their present%

age plus one year (or five years) Alternatively,fthe life table yiel

......

‘age group, -k Approximately, ‘therefore

k(t) AOW @3

Equation (4.3) assumes that uSHLLL UUCULE HUNUBENEOUS Ly, CTOSS, ag

1 a given age‘“roup.A To make thi
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by definition, the following approximations result"

(a) Population 0-1

V_N <c) ;.-.,-acc)i"‘g- n1<c> (4.4),

(b) Population groups 1-4 5=9,-10=14, s usy. 55-64,

e 2,__,'..,."10
2»’:,,:(:) = N, (e-1) - s,;n,',('ce1)jf;é—;z Ny (1)
‘-.‘j:h—l:-..;Nl;('t;tl):“+-“Mk; (t:-l) o " (4.5)
lifgc) opulation group 65+ k= K = 11
(c) =N, (t 1) - (c-1) + Ny l(c 1) ~ (4.6)
N -1 o
.+'M§(t-1)

- We.do: not have-a: separate 1ife table for each. municipio.- We have
ife tables ‘for Puerto Rico in 1950 and 1960 and. both crude and infant
leath rates by municipio annually. Such’ death rates may be used to
'ompute ‘estimates of the Sk for each municipio based on the Commonwealth-

ride life tables and the municipio 8 age composition.’

Once the model has been closed by "identities" such as thoseiﬁi
sty ated it will be possible to simulate ‘the . model in order ;Lo
7the effects of changes in the time paths of the exogenous vari-
mles in the model These variables are educational ones, a variable

eferring to industrial structure, death rates, he unemployment rate,

he extent to which the communit(lis agricultural and the extent to.

rhich unpaid family workers form a. part of the labor force. Policy

:at afwec near1y$J11 of these. in*one'way or another, and thus the

nehavior oveﬁyti e’ of* ezendogenous variables of the model. Migration,

mich‘ 8 en ogenous in tl eﬁmodel will in the long run, affect the
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extent to which the community as a whole is agricultural’*althoughfthis
is" ignored in the present formulation. Although the full implications i

ofuo r model for policy can only be explored by proper simulation, some

,run:qualitative implications may be drawn from the model in its‘
‘inc‘dplete form.

‘SOME QUALITATIVE IMPLIC!TIONS FOR POLICY

Variables that may.be affected by: public policies“include the:"
provision: of. educational facilities,uthe:generalmlevelﬂof'economic~“»
activity and-the degree of unemployment,:the’ location’ of industry and
the‘extent;and“nature—ofwemploymentzopportunities‘forﬁwomen3 andlthe
provision of public;healthiservicest Birth control information may
also be disseminated and~such information may affect birth rates. -
Unfortunately, we have not been able to incorporate in our model a
variable, ox variables, reflecting the diffusion of contraceptive .
techniques throughout the population, and, consequently, our results
cannot at this stage shed any light on this aspect of public_ policyA
’and demographic change.

___The provision of educational services affects the endogenous

‘variables of the model and particularly, birth rates in several ways.:

Two educational variables enter ‘the birth rate equation itself°'one
attempts to measure the short-term effects of increased availability
of schooling on parents' desires for children, the other tries to .
capture longer-term effects of increased education of the parents on
their family—size preferences. Although we have not been highly suc-
cessful “In isolating these direct educational eftects, there is the
possibility that’ more ‘refined analysis may uncover both relationship:
we believe to be present. “In addition to such dire\t educational
~‘effects, however, ‘there’ are indirect routes by which increased availz
,,bility of educational facilities may affect fertility, and we have

:lfounda vidence of the strength of - these.» Adolescent schooling*%s

negatively associated with legal marriage and positively associated

gpwith consensual union, but the net effect_will-b‘"?significant redu1

7,tion in birth rates due to increasing adole 1education. We have
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not, been' able, to: £1nd ‘evidence of yet another: Toute’of: indirect

fThe generalilevel of economic activity and its distribution geo—

graphically is captured in our model primarily by the rate of unem-"
ployment. One can think of other ways in which general activity could
operate, but these are’ not well described by the model Unemployment
does not directly affect births in our model but influences female '
labor participation, income, and form of marriage. Through each of
these intervening variables, lower unemployment rates should tend -

to. be associated with slightly increased ‘birth rates. However,
additional longer term effects may occur: through the- influence of -
unemployment rates on migration and. the. changes -in the' age-sex  com=

dposition of the population resulting therefrom.‘*'

One influential economic variable in the model is our index of
’demand for female labor services. The existence of good employment

“opportunities for women outside of’ the home appears ‘to have a direct

-fpositive efi’tt on female participation in the labor force and negative
‘,effect on marriage ‘that should tend to lower fertility slightly.

: An important policy variable affecting births directly, however,
‘fappears to be the provision of public “health “and medical services.
?fLower death rates are. markedly associated with lower fertility,
ﬁkalthough not necessarily with a slower rate of" pOpulation growth
'BMore research is needed to identify the contribution of public policy

:fto the eadifferences in death:rates.v

rPolicies that affect the attractiveness of migration and the

l-urban distribution of population may also importantly affect

i;fluences of the age composition of an area on. fertility suggest a

ﬁ”potential route of indirect influence if not one on which nationa_

ﬁﬁpolicy might rely.
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‘IMPROVING INDIVIDUAL EQUATIONS

: et tatistical results of the present investigation can hardly
be regarded as satisfactory, their usefulness lies largely in suggest-i
”*ing ‘directions for” further research" ‘and ‘the feasibility of a simultaneous-‘

‘"?equations model’of “the ‘type we have ‘described;

Some of the 1east satisfactory equations are those related to -
;migration.' It may not be reasonable to attempt to explain migration
for as fine an age-sex breakdown as proposed here. For example, ‘
children who were under five in 1950 and therefore, under fifteen iu
1960 cannot be expected to migrate independently of their parents.
Dennis De Tray has done some preliminary calculations that suggest the
feasibility of relating child migration to the migration of adult groups
more explicitly. For example, in a regression relating the migration
rate of children (y. males and females aged 0-4 years in 1950) to ‘the
migration rates of women grouped by age (x : aged 15- 19, Xy aged 20-24
x3. aged 25~ 34 all in 1950), the number of children per woman aged
15 34 (x4) and the distance of the center of the municipio in question
to San Juan in hundreds of air miles (x ) De Tray found'

y‘f .0048 - .314xl + 1. 03x2 +‘1.67x’3 T .0017x4 - .00Q63x5, .(4.7)

Gan w6 Gs Gay @

R2= 0.81.

vThe mumbers:'in parentheses, below. the coefficients, are t.ratios;fand“'
«the regression was estimated by. oxrdinary least squares. These pre- o
jliminary results obtained by De Tray. suggest.. that relating certain ,lg
‘age~sex -categories. of: migration to: .others .and. the: 1atter‘to economic

:variables may 'be more fruitful than our present approach

* ‘It is also possible that broader aggregates of migrants will

remnin{ancnéfficients ‘nor the overall exolanatorv power of the eauati


http:rpmnn.qi
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_AMJ;One of the most .serious ; defects in. the present:-model is.the .assump-
tion that some labor market phenomena and child -achool attendance rates
are determined independently of the endogenous variables in the model
hUnemployment is certainly not independent of female labor force parti—
@cipation nor, in the long run, is our index of demand for female labor
Meervices. Although any attempt to treat industrial structure that
;underlies our index of demand for female labor services as endogenous
ywould surely lead to great complications, the same does not appear ‘to
be true of unemployment or child labor force participation rates, It
would clearly be desirable to specify, identify, and estimate simul-
taneously the supply and desired‘demand schedules for female and child
labor and thus improve on the existing form»of studies of labor force
‘participation that combine demand and supply factors in the same ad
hoc regression equation.1 To progress in future work and expand our
model of the labor market sector will require at a minimum sex- and
possibly age-specific wage data by region. These wage data are not

now available to us for Puerto Rico.

In 1ow income countries, particularly in rural areas, the oppor-
tunity costs of sending a child especially an older child, to school
may be very great. Under these circumstances it is difficult to main-

' tain the assumption that the supply of places in the school system
Zfentirely determines ‘the number of children enrolled With data recently
f:supplysof and parent demand»for education and their ‘joint determination
ﬂioffthe“time"children;spend“in'school " Estimation ‘of ‘the-influence that
?ﬁgovernment policy and ‘resources ‘exert on school attendance- rates;.or
},conversely school dropout xates, 1s a priority obiective for our further

alresearch.ilh

The difficulty of this task is testified to by Cain 's..unsuccessful
ttempt using U.s. data [1966 Appendix H].
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CONCLUSTION-

This Memorandum is a progress report on a continuing investiga-

tion of the economic determinants of fertility, marriage migration,
and labor force participation using simultaneous—equations econometric
techniques based on cross-sectional data over time. Formulation and
estimation of a simultaneous-equations model describing the deter-
mination of what are essentially jointly determined variables has two
main advantages over an eouation-by-equation or decision-by-decision
approach. First, it permits the use of more appropriate techniques

of estimation than are possible in single-equation models. Second,

at least for a complete model closed by the necessary demographic
identities, it permits dynamic simulation of the demographic economic

characteristics of an area over time.

More appropriate estimation techniques should and do lead in
almost all cases to different estimates of the significance and
importance of various factors affecting behavior. For example, many
studies have found a negative association between income and fertility
based on cross-sectional data, but we have shown this relationship
dissolves when the statistical analysis of Puerto Rican data takes
account of both the simultaneous nature of the system in which the
birth rate equation is embedded and the special nature of the cross-
gsectional data over time, The pronounced effects of both legal and
consensual unions on birth rates are magnified'when the simultaneous
character of the model is recognized and'the‘appropriatevestimatiOn
techniques employed. Although not every estimaté.ohtained by the
techniques outlined here is more plausible in size or in sign than
those obtained by ordinary regression, the estimates on the: whole
appear improved over those obtained by methods that treat each

relationship in isolation.

tl The results presented here are preliminary and incomplete.”f
we hope that they may serve as -a first step toward our ultimate goalgff

,of a complete and comprehensive structure’of the behavior o"the

1gendogenously. This final model must be capable of;dynamicvsimulationsf
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designed to reveal the 1ong term ‘demographic and economic effects
P licies that affect the fertility aud mortality and impr

ed cational and economic opportunities of the evolving population.
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THE MODEL

Let pij be the probability that an individual in a given age o
group will migrate from i to j, pji is the coriesponding probabilit_;y

that an individual will migrate in- the reverse direction.h If ni is’?ﬁ

the total population in the ith area in the appropriate age—sex
group, then nipij is the expected number in that group who will
migrate from 1 to j Similarly njpji is the expected number who !
will migrate from j to 1, 8o that the expected net migtation from
i toj is just: nipij jpji for the age-sex group Ane question. Tt
expected flow of migrants into a. region i is the sum over all
reglons k of the net migration from k to i; thus

K ,

1 k§1 (nkpki 1P1k ) #; b“i"zi

where K is, the total number of regions.{ (Note that the term.of the

sum for k=11s nipii ipii 0.) We. have also inciuded a term
reflecting the current educational attainments of individuals in
muni jpio i szi’ since we expect greater educational attainment
will increase ‘the propensity to migrate at least outwardly, and
should thus have a negative association with net migration into any
‘region.%

. nce\the probability~of moving between A'yitww regions,is a_

'len zero an ;one; it would be'inappropriate to assumeé;

‘1 near function of .any. determing variables' nonetheless,l

' 1‘I‘he use of Z,, adolescents in school, rather than a direct 1
‘sure ‘of the’ educational attainment of the population currently livin
~in the municipio, such as z,, 1s designed to circumvent the obvious
‘difficulty that results from the erfect of migration: Since the
fbetter educated tend to ‘migrate more, there will be fewer of them le
in;a 'municipio having a net outflow of population. Large numbers
,adolescents in school, however, suggest a high level of educations
attainment in the area without itself being directly influenced by
the migration it is supposed to explain.
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g_willvassume linearity as an approximation over the fairly narrow

fprange of variations observed in‘migration rates.f The gains from
Emoving from i to j must be set against costs.\ If the advantages of
S R are mﬁasured by xi,lthe advantages of j by 40 and‘the cos* ~€
.:moving from 1. to'j by cij,lwe have

Py apt éi“%ﬁrf;ﬁﬁ’af-‘.a;z“?;;j;,f e

pSubstituting in (A, 1) and assuming that the cost of moving frc
‘to j 15 the same as. moving" from j toﬂi ﬂcij°s" ji’ we obtain expected

iy T S

9net in-migration for region' 1 as’

Mi 2 (nk -, ) + al Z (nk +n )(x xk) © o (A3)

CRF L

+. a2 X (n n; ) cik +. bni 9

fIf the cou of moving between any two points is approximately constant,
the final term may be absorbed in the first. Expressing migration as
’a rateﬂpe capita of the relevant population group, we find that ex-
pecteddne in?migration rate into i is: a function of two types of

PrOportionate population ‘differences and weighted differ-

ences 'of‘%wvarinhlpn mnnnnr-lnn . : Ving into }1 o

o \ )+ 31 ZK ")(x "k) +bzy, . (A4)

o In usingathis result for estimation purposes a number of compli-

>y observing the resident population and its age-sex composition at
'wo points in time (census years) and applying estimates of age-
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~on the :left-hand: sides~of+our::20" migration equations.’’ We have$ x;;f

pressed: migration :per ‘capita’ ‘ati‘an: ‘annual’ compound rate’ rathervthan
a decadal one, although the' two. census" years‘ between" which we mea-

sure migration, are ten years apart.
l:l_r

As indicated above, we have assumed the costs of moving to be the
same between any two points; ‘except, however, between any point and
the mainland United States; we modify this assumption by introducing
a dummy variable as follows: Suppose that moving costs are ¢ between
any two points not including the mainland United States, and ¢ + c'
between any point and the mainland United States; then the last" ‘term |
in (A.3) becomes

- = - L - R e
a, 1§ (ny = ny e, = aye E (m = my) + aye’ (nye - n,) (A.5)
where observation 76 represents the mainland United States. Conse:

quently each equation should contain an additional variable for each

age-sex group,

which takes "account of ‘the greater cost entailed in: lt_..v...6 eus sesauu
for-the mainland United States as well ‘as possible unspecified: benefits‘
“This:1s the second modification. - -

'relative advantages of one location as opposed to an'”her.' The vari- :
ables we have chosen to. examine are income differences, differences !
“in the: unemployment rates, and differences Anj the level of rne deman«
for: female labor .services: .a8: measured by the index described above.
These variables ‘are: all expressed as weighted sums of the«difference!
»between”?the value of the variable for other areas and the value for}

th ;areax f‘observation., Thus, we'expect that high‘values of - the s

incomk«and demand variables (meaning that other rea ’compar"favor-

ably on the whole with the areawin question)

;shouly er



with lowhvalues of net in-migration, while high values of .

xthe unemployment ”riable (meaning other areas compare unfavorably)

ﬁshould ‘be: associated with high in-migration rates.

‘MEASUREMENT OF MIGRATION ‘

,Wh;Alregional migration rate is designed to. express the relation
1between a migration flow and the population sustaining or: being sub-
cjected to that flow.f For convenience the migration rate is defined
as the ratio of .the net migration flcw to the domestic population,
regardless of the. direction of : the net: movement of persons. There
may appear to be no measurement problem here, but since observations
of the population on which migration ‘rate estimates are based occur
.at. discrete: intervals rather than continuously, various changes
occurring to the population in that interval must also be incorpo-

rated;into the,analysis.

Three processes -may affect. the :size -of an:opén population: some
persons may be born, some may die, and some may migrate into or out of
the reglonal population. No estimates are derived or analyzed here for
the cohort born between the two census dates.k Migration of age cohorts
vompletely enumerated in both censuses however, are affected by deaths

hich:reduce. the: population size over. time, or the denominator, -and thut
he migration .ratlo. :.Were .the migration rate- measured instantaneously,
he frequency of death would not affect~population4size and thus would
LOt bias a direct estimate of migration.: But > as stated above, measure:
wnt of migration based on’ census data must account for the effect of

leath on population size.ﬂ

Consider a cohort of: individuals of a- specific age . and sex. iFor
(3 country experiencing no: net migration, let ‘this - cohort consist of
j persons age X at: time 0, and ‘t years later let there remain Bj
)ersons in this cohort of age x+t. F A survival rate R is defined aS"

3

/A where:the,subscript j stands for the specific age-sex cohort.

Sytassumptio :the difference between A and B is attributed to deatbs;.

[f the frequency of deaths were constant over the time;interval the/


http:direction.of

~effec wofi death may ‘be - represented 'as ‘an: exponential rate of decline :

ofi thetpopulation.ﬂ

Cedi g

,)Aje.‘ ©=By (A 6) .

where eris® the base of, natural logarithms, d; is the instantaneous ,

deathfrate, and t is elapsed time. i '
In an open (regional) population subjected to’ net migration,
the difference between the base and final period population ‘size 1is
due to the effects of both death and migration. Assuming that the
relative frequency of death and migration is constant over. the inter-.
val‘conSidered, bothvexponential~effects on population size may be

writtent :

C (my,-d, )t
13 4377 |
Aije ’Bij ,

vhere the 1 subscript distinguishes the region and m

(A7)

ij is the age-

sex—region specific average annual migration rate, greater than zero
if there is net in-migration and less than zero if there is net ‘dut-

,l‘

migration.

Since ~age-sex specific death rates are not known for reg

populations in. Puerto Rico, one must -assume that dij = dj for all

regions i=1 2,...,N.r It is then possible to estimate mij from )

.national, survival data and regional age-sex population data from two

1
censuses.w .

g = (og By = log Ajy - log R /e <,Ai:1.3>,

lFrom;’equation (A 7), dividing by A

”rithms yields e

ij

and ‘taking natural’ loga-'

id )t = 1og B*;

fand since from equation‘kA 6) dj
(a) is rewritten as il

f'_ij (log Bij log Aij Py
fwhich is identical to equation (A 8) when B; /A ELE

£ 1s equav'toﬂlog (A'/B ) iation

log B + ‘log A A/t

eplaced byrR=



T

This procedure for measuring migrationerests on. two assumptions.;fr

(17 Censuses enumerate all (or a uniform proportion of) people and
accurately report their age and sex, and (2) age and sex specific

death rates are uniform across regions analyzed

' A “;”foften systematically misreported, contributing to "age
ieaping in the age profile of the population about attractive: or..
round"ﬁages.p In Latin America, and in Puerto Rico in particular,
ag _heaping does not appear to distort the census data seriouslv

Eor our purposes.

A general .problem of systematic underreporting arises,. however,

n’ ‘the’ census’ enumeration of U S residents born: in Puerto, Rico.

‘he distinction of being born in Puerto Rico may be associated in
he minds of ‘many persons with lower—class status in the United
ntates, and therefore 1is likely to be subject to a downward response
bias., Moreover,‘the 1960 census tended to underenumerate urban poor
‘;and Negro elements in the population, and probably did the same for
the largely urban, relatively poor, Puerto Rican born U.S. residents.
Hence, the survival technique for estimating migration from Puerto
'Rico to the U.s. mainland is likely to understate the net influx.
1For these ‘reasons the migration equations are estimated excluding
'the U S ‘observation.! In fact the estimated rates of migration to
the United States shown in Table A-6 imply a net inflow of 320,000
'mpersons over the age of ten by 1960 ‘whereas” ‘other’ methods’ of ‘esti-
mation suggest total migration for all ages may have been’ ‘between
5400 000 and 430q000 :Even these latter estimates may be deficient

according to Hernandez [1967], who has estimated the gross return

g_igration f]ow during the 1950s as between 50 000 and 75 000 "The
fgross inflow from Puerto Rico to the United States was therefore of
Tthe order of half a million 1in this decade from an initial Common-
hwealth population of 2 2 million to an initial U S resident Puerto
ARican born population of 226 000 in 1950

The second assumption underlyinglﬂhe measurement of migration
-is that death rates by age .and ’ sex are the samevin all regions of the

;country.. It is probable that death rates are higher for populations
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living inlrural hinterlands: of- Puerto Rico than: for those in urban

_pposed, therefore that estimated out-migration
rel “rura, «areas is overstated becausehof higher deathrrates

prevailing in these’ areas, and conversely out-migration for more .
prosperous urban oriented areas ig understated (or in-migration is :
overstated) Hence, the lack of information on regional death rates

may exaggerate differences in migration between rural and urban

regions, though the actual magnitude of this bias appears: small in‘
comparison with the size of net migration rates in this period. Sub-
stantial differences in the incidence of mortality could conceivably
lead to differences in annual migration estimates of only about .1 te
W2 percent per year for the younger and older cohorts, and somewhat
less for those 1in the prime of life, 1In comparison with average -
annual net out-migration rates of between 1 and 7 percent per year
(Table A-1), this source of bias in our estimates may be regarded.as

negligible.

EMPIRICAL MATERTALS AND PROCEDURES

Life tables have been published for Puerto Rico for men and’ women
in.l959-1961‘and for women.in 1949-1951 in five year :f.nt:ervals.l‘u~ It
is assumed that the ratio between survival rates for men and women in
1960 obtain also for 1950 to derive: estimates of mortality by age and
“sex at both ends of the dacade. - A product of the 1950 and 1960 sur-'

'vival rates (for five year periods) is used as the estimated survival
rate for_ the decade between the. .censuses, For examnle, the five year
(survival rate in 1950 for the cohort age x to xt+4 is multiplied times
the five -year survival rate for the cohort age x+5 to x+9 in 1960 to -
'obtain an estimate of the survival rate over the entire decade for the
cohort aged "X to x+4 in 1950 that had obtained _the age of x+10 to x+14a
,by 1960 2 These estimated survival rates. are shown in Table A—2 |

1950 Female Life Table from Carballc (1964), Table 9, p.. 19 andt
fthe 1960 ‘survivor rates from UN Demographic Yearbook 1966 (1967), Tab1e
J23 ‘PP, 608-609, . .

: gFor the population over’ 64 in 1950 and over .74 in lbuu .tne. age, .

13breakdown was not available by municipality. It was therefore assumed
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Table A-1

L ANNUAL DL IN-MIGRATION RATES MEANS AND STANDARD DEVIATIONS:'
+"FOR'75 MUNICIPALITIES OF PUERTO RICO AND NET MIGRATION: RATESTT
- TO THE MAINLAND UNITED STATES
(percent)

. 75 Municipalities Puerto Rico ‘
Age of . __Male ~_Female Mainland U S._
Cohort . Standard -Standard ' Male ' -Femal
in 1950 “Méan  Deviation Mean - Deviation ° ‘Mean: = . ‘Mear

f.g&DDgi&7:]N,1@3JQ ;§$3D1! 264&
LAL <3090 L& 1434 LT
53.66;: wééf15;D” “‘2fébv' (156 17 o
2.78 .;;;;jé‘L, 207 'iq;§7_'; 1.3
1:937 44501 - 1600 - 9.32° 7,60
1.3 -1.73 1,03 6.93 5.2
1.04 220, 1,00 . 3.0 3.1
L, La2 106 307 4.1

- .83 o =062 1,12: - 4.09 4:6:

3,487 ¢ 005867+ 2199 0 3,610 -« 2.0



“814

Table’A—Z

* 'SURVIVAL RATES FOR PUERTO RICO, 1950-1960

1950° and 1960 Men .

0-4 to 10-14 .9475”‘
5-9 g0 1529, . 9839
10-14'-to” 20-24 - 9854 :
15-19 to 25-29 L9714
o2t o 0 e
25-29 to 35-39 .9506
30-34 to 40-44 .9408
35735.;§ 45-49 .9339!
40-44 to 50-54 9237
15-49 to 55-59 8934
56:54,?én€0:64 8632
55-59 to 65-69 8218
50£§§'€6i%b—54f 7501
6569 0 15-79. 6599,
70274 to-80-84 5567

75-79 to 85-89 4343




82

The values of the environmental determinantswof migration, that

mle 1abor ser—‘ -

'is,vincome, unem'loy : “'thbeindex’of“demand7fo

vices, and population, whichkare used to constructrvariables y15

,through y24 are municipal averages of 1950 and 1960 census observa— =

,tions.\ The school enrollment rates are . also averages of 1950“a d
gl960 values within Puerto Rico.i”

iSeveral gaps in’ matching datu Vi LHG L USALU BALGI DULIE Ueds LEDLT
vdent population require compromises in our data and preclude further
’analysis of actual migration from Puerto Rico to the United States.
The industrial distribution of employment for 1950 is not reported
‘for the Puerto Rican born U.S. residents, and in 1960 the distribution
18" reported but only for 14 industries rather than the 21 used to
define the index of demand for female labor services within the Com-
monwealth. Reaggregating the Puerto Rican female employment weights
for the 14 available industries, an index of demand for female ser-
vices of 137.13 is derived, estimated for the U.S. resident population.
The 8chool enrollment rate is reported in the 1960 census, but must
be interpolated for 1950 between different age groups, to yleld an
estimate that 68 percent of the Puerto Rican born, 14 to 17 age cohort
were ‘in school during the 1950s in‘the United States. Personal income
per:person aged 15-64 in 1959 dollars is estimated as $1253 in 1949
and $1750 in 1959. The period average is thus. more than twice the ’
unweighted municipal average in the Commonwealth of $655. No adjust-
ment is. -attempted-to account for differences in the level of the cost
of: living between the United States and - various parts of the -Common-~

wealth of Puerto Rico.

thuE'in each region these four oldest age cohorts were fixed proportions
of ‘the: ‘total number over 64. and 74 respectively, .as enumerated.in. ‘the -
Census for the Commonwealth as a whole. The' net migration flows were
then aggregated from the 17 age cohorts shown in Table A-2 into the

10 ‘age. cohorts analyzed in this study, and shown in Table. A-1, '
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Appendix B

REGRESSION RESULTS FOR 1950 AND 1960 SEPARATELY, EQUATIONS 2 THROUGH S

Table B-1

EQUATION 2: 2, FEMALE LABOR FORCE PARTICIPATION RATE, 1950 DATA
. (t ratios in parentheses)

S _oLs ™ s W
= J"fiif* f,, ‘ s S m(s)i;,“““., i; e
2 .684 - .670
P 4,79 9.00
'EndogEﬂaﬁé-var;auLes_ .
¥yt Tncome (100°%) -.883°  (1.02) 3.33  (1.02) -1.05  (1.22) 4.65°  (1.63)
" ¥,} Legal marriage 717 (1.50) 1.12 (.79) - - - -
Y5t Consensual: marriage <502 (1.14) .752 (.66) - -.
gt Children under 5 per - .
. woman 15-49 ~26.4 (1.98) -62.8 (1.27) -17.6 (1.67) -47.4. (1.01) -
 &§§ Index of age ) cE
- ‘5composition 12.8 (4.15) 23.4 (2.58) -10.6 (3.78) - =24.7 (2.67)
Egggg;pus variables _ ‘ f»vf
’lesc n schooling ~.527 (4.31) -.539 (1.36) ~.595 (5125) 2.733 ;xziés)r
‘Index of mand ‘for 5 et
};female labor services T .279 (3.81) .0753 (.30) .264  (3.61)

(4.60) 494, (2.49)  257.  (4.46)

(3.80) -.893  (1.62) -1.57  (4.62) .7

575, ._‘,(3 19)”

~£8-



 BQuATION 2¢

,2

Table B-2

(t ratios in parentheses)

7;{fpp§ﬁ

_genous variables;ﬁ

_ Legal marriage

ﬂ Consensua1 marriage‘

woman 15-49 .

;compositiona

’7  Adole?centﬂschooling

=

ss B

‘Unemployment rate

nétant

JOR
,816

Z.761
Te272
40266

" Children under 5 'per

, 510;4

5.26

-.0360

%3Index ‘of ‘demand for
female labor services

.196
-.596

-54.7

(2.11)

(2;13)

(1.00)

2.7

(3.08)

(.43)

(3.57)
(1.92)

(2.11)

““Variable not included in regression.

—@

98.38 -

-.0231

.271
-0829

=45.8

i

(.68)

(.86)

-(:82)

(.06)

(.19)

(3.26)
(1.97)

(.61)

FEMALE LABOR 'FORCE PARTICIPATION RAIE 1960 DATA

2,775

-11.5

2.40  (1.82)

-.00388 (.05)

.255

-.653 (2.15)

-33.8 (1.34)

‘;(é:dgii'i”~

(3.02)

(5.08)

8.1

=91y

-5.30°

418

~.010

.271
-.723

-73.8

\Aie

'?§?§Zl?5753§

:69)

?kfiiS{

j(3 83)

(2: :10)

(1.595



Table B-3

EQUATION 3: Y3, INCOME PER PERSON OF LABOR FORCE AGE, 1950 DATA

(t ratios in parentheses)

of Estimate oLS v oLS o
‘ (¢D) - (2) 3) &)
.926 .925 | |

f?;j - 38.16 24,80

mndqgenous variables

Qgﬁé:ﬁgFemale labor force
L participation rate
‘?&;: fLegal marriage .

L ¥s5* _Consanaual marriage
 ;y8:_iChi1dren under Sfper
7% woman 15-49 °

=fyid:fSex ratio i

Exogenous variables

ﬂizz: Adult educatior
;/27:-'Unemplqym33t_5
gizéf-:Aggicaltﬁfg]f1

Constant .

.0206
1165
141

-6.13
4.95

.924

-.0212
- =.0662

ﬂ?3589:;*;

(1.02)
(2.54)
(2.12)

(2.85)
-.(3.04)

(5.94)
- (.29)
(4.08)

(1.05)

‘Variable not -included in‘régression:’ -

-.140
0445

-11.5
5.69

.708
-.244

12.9

(2.45)
(.21)
(.33)

(1.58)
(1.32)

(2.94)
(1.69)
(1.82)

(1.17)

.166
.146

-6.18
5.37

950
.0238
-.0570

-5.50

(2.56)
(2.21)

(2.88)

(3.41)

(6.19)

(.42)
(4.21)

(1.65)

=.0544
-=20844

-12.5

=721

‘a§896f‘
.0075

- 0145?-

8;93;.'5>

,}E(izg),
11(.43)

(1.90)
ree )

G
(.08
- (.83)
li(?ééj;

-gg-



- EQUATION 3:

. Type of Estimate

»iEndogenous variables

~ Female- labor force
participation rate

e yiﬁv‘Legal ‘marriage

d::Consensual marriage

"5 ‘y8;* Children under 5 per

L woman 15 49

f‘fSex ratio

7 Uhemployment B

'iiis:i Agriculture

;Cbnstent~

e

Table B-4

(t-ratios- in parentheses)

3, INCOME PER PERSON OF LABOR FORCE AGE 1960 DATA

OLS v . OLS IV
6)) ) 3y %)
947 .947
' 148.36 6161
.0248 (.71) .293 (1.97) - - , .
168 (2.34) -.186 ¢.64) 162 (2:28); = -.208"
.135  (1.51) -.255 €.65) 133 (1.50) ¢ r.:;:zss're
.0686 (.06) 6.02 (1.28) -.183 (.15) @ Si2L
2.81 (1.80) 11.5 (1.64) 2.70 (1:78) 12.9gmw.
1.09 (9.39) .959 (3.60) 1.09 (9.42) 1.01
-.0618 (.64) .0281  (.15) -.0766  (.81) -7
-.0922  (6.12) -.0302 (.63) -.0984 (8.00) -.112°
-5.97 (1.47) —4.73 (.36) ~4.70  (1:29) 4.61

v :,%yariehleinotfinelﬁqedfin*regression;"‘

(1 31)ff

(fsSi%

=

(1.23)

Y53
L Gas



Table B~5

EQUATION 4:" 4 PERCENT OF WOMEN (14+) CURRENTLY LEGALLY MARRIED, 1950 DATA
‘ : (t ratios in parentheses)

v -OLS X
@ (3)

Type of Estimate:

.99 .
110820
Endogenous variables

vyt Income (100.6), “o eas 18 QS0 L3 @
Q§Y7 -Sex’ ratiO:_i -éﬁff :(1 64), f2?23'3_ ( 10)‘ B E

fLy11: Index of age —_— _ ,An' e e
St compositionA 698 .3(290)' 2044 .(1{Q3ln

Exogenous varidbles ~l —
‘ Adolescent schooling =:316 (3.69) ;398 7 (3:21) - =305 (3.60)
=Index of demand for e o Y : et et
female labor servij -.078¢ 1(1 35) »5{9469‘ﬁ' ( 38)1i ~.090¢ '(1”59)j
* -1 (163 -.278 - (1.00) -.436; a. 74).

nemployment ﬂf”if”}'

W09, (2.76) .BS:V‘If~1’(2.23)‘ 403 (8 s

ncluded in:regression.

2

10.34

1 99
7 58

5;f598

- 096
,f.zs9

)4;5~J

[1 62)

(. 35)

(3014

( .79
'1 ozj}

:4;5711

~lR=



Table B-6 o

PERCENT OF WOHEN (14+) CURRENTLY LEGALLY MARRIED 1960 DATA

QUATION 4: v, PR
S e D e (t ratios in patentheses)

e (1), ,.
’ .421 ik

74105

yll Index of age e
:;‘ %) composition€ 22,84 f‘(43°3)i

Adolescent schooling 1;i3§3, -(Ltg})!

Index of . demand for TS T N L i
female labor services -.181 (3.75) -.146 . (2.23). - =e129 (2 51)£_'~

~;}¢}£ Unemployment - 215 (.74) 083 oo (.24) L 056 j <. 18)f;,‘1f"” 31

Constant -79.8

91.3  (1.28) ss 4. »




Table B-7

EOUATION 5. = 5, PERCENT OF WOEEN (14-!-) CURREN'I'LY CONSENSUALLY MARRIED 1950 DATA
: R ; - (t rat:los in parentheses)

S0) 612 “ h IV '

| ST
e 820

B ¢ R

6.15. 365

.2

—" ,. (1 99)5 o '354 (2 AZO)‘ :
T ( 04)}‘

20,6 (2.30) &)

937 B 263 «(2:12)

=68 :

s 0155 - (.26) 0988 - (.73) 0217 (. 35
a8 e Losw (.20) 37 (. 28»,




Tab 1e B—B

PERCENT OF WO‘IEN (14+) CURRENTLY CO‘ESENS"ALLY MARRIED 1960 DATA
(t ratios in parentheses)

5’

EQUATIONS

4115

-.304 (.98) =570, Loy
8.31 (2.07) 22. 7 o (2a9)

v
5E?j?75 .
E jlié Index of agey;f
Tﬁfzf; composition ‘

747 (2:98), 811 (L.60):

Exogenous variables;'” .

Adolescent schooling (i;ép): ITEQ15S

‘ndex of" demand for e o -
ermale 1abor services .0564  (1.37) - .113

. Unemployment o L2649 0 (.99) - 044 ¢

62.1 . :(2.66) 54,7

qu§¥i%blé;not indluded in regression.
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'REGRESSION RESULTS FOR 1950 AND 1960 COMBINED EXCLUDING SAN JUAN, EQUATIONS 2 THROUGH 5

.. Table C~1

EQUATION 2.», 2, FEMALE LABOR FORCE PARTICIPATION RATE, 1950 AND. 1960 DATA: COMBINED SAN JUAN EXCLUDEE
. (t ratios -in’ parentheses) '

~T§§§§5f§ﬁe§inate;:;' ‘¢ "OLS MR mET IV el ' é%*;;besigfilg'.rk; ifIGifﬁ
R B € O I
I 523 i

’7I“°°me7(1°° DN I3 (29)ss35 (2) . L3 (3D 354 (118
o0 (. 1ss (s, o

'eyaﬁﬁgLegal marriage : 55
( 15) S .37 (. 24)

'Z@Y5£:}Consensua1 marriage "»?

f.;§§;}'Children ‘under’ Siper

- woman 15-49.. (2.14)  -46.8 . (1.;11)_ =115 (2.43).

- y;:;;lndex of age
' ' composition

o-Li8Y (o sos (6D 129 (Gad)’

ol

1',225 “Adolescent. schooling o -.288  (3.46) - .229 (.56) -.314  (3.99) -
’ 3: Index of . demand for _" o S - ’ I
female labor serviceswj .277 (5:62) 486 (2.26) .271 (6 12),:’

'2ie7t Unemployment 5 *“ir_e1;4é> ;}I5;32) | -1.31 (1.68) ‘—1.47 (5 66)?7?-£U>H3:‘

(5T4) - Lah <55> m623-




Table C-2

EQUAIION 3.¢%,,, INCOME PER PERSON OF LABOR FORCE AGE 1950 AND 1960 DATA COMBINED SAN JUAN EXCLUDED

- 873" .

e Female ‘abor - force
participation rate =.0163 - (1.vos _*.*fo,j_ \Lesdy

(.32 g ey
‘};Consensual marriage g w&g:,l}Sf ;{25505 1— 341 (1 23)tf
‘ %QChildren under'siper ‘ T ' '

iy, legal marriage  .141

.968 .00 -3 ], < 64)ff -.820

4 88, (4.95) 1990 (1 3a)f« 5,03 (5.16)

, duc 561 (4.55) .298 - "(1!25)1]¥f;1; ;581 . 77);
Zgis Unemployment B -.0835 - (1.61) ~4.265gg§§(l;57). S - 0570 (1 26)5
'fzég Agriculture : - 0994 (10 2)' | -;126‘,**(2'44)' - 0935 (11 8):[

ﬂnummy (1960 =-1) ; L 18 ;;f (5.20) - 286 ,‘ (. 31) | '

i e T T e R TG0 e PO eani _.-—.«. Tl

fConstant e e -3 59 ;;i (1 50) f2067. }, (1 86)f _O,

‘Wote:»O,,. B :
= Variable not-included in regression.. .
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Table C-3

EquAiidﬁf4;~f 4, PERCENT OF WOMEN (1&+) CURRENTLY LEGALLY MARRIED, 1950 _AND 1960 DAIA COMBINED,

SAN JUAN EXCLUDED . .-

d ratios in parentheses)

..Type of - Estimate: " TR - -

R 4847
73:
Endoge ous variapies ‘
¥,  Iicome (100 s) | 1.07
Sex ratio g f 3.&5:5“

fﬁyﬂl' Index of age :

‘Ex g enous variablesj?q

“";_Adolescent:schooling »h

482

2033 .

Variable not included in're

vcomposition ‘ 4872 .. (1?ﬁ§);

s2sL Ge)

=116 ,(3;31)['
1+-329_”rr(1;745<

.z:z.s;{;-_;ji‘

5 fgiﬁﬁ

- =315

~.136

“2;88 ,

(3.92)
(1.69)
(1*10).
(59)

Cean. .

-4 377 (. 96)?;_

Eé%ééf_

,,§#_<3)5
b7

- 1.32- (4 22)

::;iGS_;k

L Z339




Table C—l

PERCENT OF WOMEN (14+) CURRENTLY CONSENSUALLY MARRIED 1950 AND 1960 DATA COMBINED
R SAN - JUAN EXCLUDED
o (t ratios in paren heses)

. (@) -
4516

f#;ﬁﬂ&&éenpusavafiﬁﬁlésg_T , N e
EtE o : (2 43)f 10

Index of age™” L
afcomposition ‘:7 .lfzilli

Exogenous variables Q*

'f; dolescent schooling

373

53;‘ Indek~of demand for v R S o R
“' female labor servlces .0245 (.71) 196 .

Uhemployment 3‘.’ ll. :.329C,_ (1.Z§)ﬁ ,'03§;?¥€f‘~ ﬂ

-1 T -6.80 :(1.76)  n.8

gi(;ﬁo)f%?9294;ﬂ_““*l’(

Variable not included in regression. :



Appendix D
REGRESSION RESGLTS FOR EQUATION 1 WITH. INFANT DEATH RATE AS THE MEASURE OF MORTALITY REGIME

TableD-l T
EQUATION j1.' 1, CRUDE BIRTH RATES. WITH INFANT DEATH' RA'I'ES, z, AS MEASURE OF MORTALITY REGIME

ST s R : Deviations from Municipio,; TR T e e
-.Variable Levels : . . T : Meansf e Transformed Variablesv

1ype -or:kstimate. -~ s QLS i T ] OLS . ' IV

S nEe e ST I N L (1) R (2) R ’ (3) n Bt (6) :

iz 31

F l6:88 -18.70 16.80

End genous variables~;w'5'

yzg Female labor force T N - 164)
2 participation raceff_'—‘ozls L) LI6L(LL0D) (0525 (L76) =376 (1.95) 0269 (64) =.2417(1.95)

“Income (100 $ . -.731 (4.53) 3.26% (1. 65)  -.742 (4.07) 2061 (2:27) - 564*(3*33);31 15 (.69) -
; "7‘;.348 @3 74) 1‘1-“-3 01 (3 28) 11993 (7. 84) 2 .36 (2.63) .787 (7.16)'" 2. 84 (2.56)
| | 99) L. oo (10 6) 3 18](6;09)15“a,932 (9 93)  f3 00_(6 58)

yagiaLegal marriage Jf"'

y5é‘§Consensual marri

j‘}f;lndex of female ag
g Ccomposition‘. :

185 (3:19) ¢ ”41{911(:;291.' 142 . 49) fr,§5o;(2;72)_'”:iglg(s;ez)ﬂgj;ff1”

ng 0208 (.59)  -1108'(3.00) -:0557° (1:29) -.272:(2.46) =.0269 C: 64)‘?":1-- 0767° (.67)
A;‘899 (3 23)ia -.533 (.49) - 641 (. 47). 3 30 (4 15) e 523 (z oz);ﬁ-z os (z .01)

= zg(—3) Infant death a
_ fv,jji rates lagged three»
_f}” years s R
9(-4) Infant death
rates lagged four :

.00989 (.90) -.00612 (.21) .00931 (1.61) .00160 (.18) :.0106 (1.81) .00476 (.55)

). 00074 (.08)
- =16097(4:53)

LT3 BTy :85)"'=35.2 (1.88)
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Table D-1 (continued) =

Variable Levels

' Means -

' 4‘v Deviations from Municipio» ‘

Transformed:Variaﬂiesfék

OLS

IV

OLS AV

{Endqgenous variables

~Female labor forceag :
participation ratefﬁ;ﬁ

33 income (100 $)

; '*j Legal marriage'k

Index of female age““;“
composition .

iExqgenous variables
1:2;; Adolescentfdchooling*"
;4;3 Adult education e

g (=3):.

‘Infant: death rates B
lagged three years ' 0139%(1

Infant death rates
;flagged four years

Constant<i

<7>.‘,j;;;1
20

-00468 (:14)
fv{i,.eoa (3.84)" -

320 (3ia4)
‘511 (5 73)};g”

+127.:(3.36)

«;-1 91 G 1)

-00114 (.03)

=i313 (4l01)
Tﬁtlf-.O'Z’f_(Sﬁb)‘g :

;.542 (.94
;zé)if;+;ozs3;(liss)

.;Q‘oo469 {¢ 44)§é]- 0214 (1 35)

i_éiff(g)af ﬁ{};

C.548

0620 (2. 09)
- 704 (3 86)
.993 (7 82)
1 06 (11 4);

152353 (2.19)

- 877 (I 82) .936 ’1 15)

;;2,49~(6.53)

.979 (2 14)

10749 (1.75) -

; f 00599,(

0107 (1 91)

;ﬁdgf??

600 B

‘ 750 (6 80)
- .988 (10 7)

.191 (2 15)"

) -2.18 (3 83)if§ 580 (2 .23)

;82)1*

f.01osﬁ(1 82)5

00454 (;631j

—an an
1,525

f 2) f.226 (1 90)
; 475 (z 82) .822 (1.09)"
,_2’99 (471
2.98(6.58).

=.0512 (1.23) =.0410(. 58);
;-1 83 (2 96)i

fﬁ.ooss :( 70):

| jff.001741(;23)?

‘”*E;Intercept?suppressed A
Variablix‘otﬁincluded.i
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Appendix E

Table E—l

MEANS AND STANDARD DEVIATIONS OF DEKLV&D VARIABLES USED IN
: . B REGRESSION ANALYSL

 Derived
. Variables

'1950-'

" Mean

Standard S
Deviations

1960 .

St Standard
Mean .

Deviati.

‘A“Enddgehdﬁgf”

3.7
18.6
L6
Wk
4.5
32, sff'
.996
;804~:
20.4

1. 02 -
1. 0.
9!71'

o 4'49‘f
8,48
1,46
5.30
©.5.37
2,44
. 0/“'945;

.0899.
273
4109
11800
135

32,9
16,1
6.87

477

8.67

30,9

.927

.;737
195
j.946'
49.7
9.36

5 772
;7 2z§
6
jlfzéf
131
:1 21
1.¢ .66,

r14 9«






s

faraEREuCEs,;

fAbramovitz, Moses, Evidence of Long Swings in Aggregate’ Construction
:Since" the 'Civil-War, National Bureau. of . Economic: Research Columbia
'niversitv Press, New York, l964._r<v Pl e L

'Ando Albert and Franco Modigliani "The 'Life Cycle' Hypothesis of
Savings. Aggregate Implications and Tests," American Economic ‘Revi
53:1 (March 1963), ; EE '

Anuario Estadistico Puerto Rico, Junta;de" ‘Planificacion: Puerto Rico
Planning Board, Division of Statistics, Economic Indices Section,
San Juan, various years.

'Becker Gary S., "An Economic Analysis of Fertility," in Demographic
-and Economic Change in Developed. Countries, National Bureau of Econo
Research, Princeton University Press, Princeton, 1960,

-;---, "A Theory of the Allocation of Time," Economic Journal 7J 299
(September 1965)

.¥;f;; '"The Allocation of Time and Goods Over Time," mimeo June 1967'

,Belloc, Nedra B, "Labor Force Participation and- Employment Opportuni—
wetiesy " -Journali of - the American Statistical Association, 45 (Septembe
1950)., . T , 2

;Be”-Porath Yoram, "The Production of Human Capital and the Life Cycle
i of{Earnings," Journal of Political Economy, 15:4, Part 1 (August 196

Bowen, William G and T. A. Finegan, "Labor Force Participation and
_Unemployment," in Arthur M. Ross (ed.), Employment Policy and the-
."Labor Market University of California Press, Berkeley and Los "Angel
1965, i

----- , "Educational Attainment and Labor Force Participation," America
Economic Review, 61 (May 1966) : .

;%{ The Economics of ‘Labor Force Participation Princeton Universit
. Press, Princeton, 1969

sain, Glen G., Married Women in the Labor Force University of Chicago
Press, Chicago 1966 ‘

-----‘i"Unemployment and the Labor Force: Participation of - Secondary""
WOrkers," Industrial and Labor: Relations Review, 20 2 (January‘1967)

.aldwell John C., "Fertility Attitudes in Three Economical y,Contrast
“Raral- Regions of Ghana," Economic Development and Cultural Chang_,
(January 1967) ST =




~.~_j;f,100,’,-] |

‘Carballo Angel Luis ‘Tablas de. Mortalidad y de Nupcialidad de Puerto
- Rieco 11950 y 1960, Centro Latinoamericano de Demografia, Santiago,
Chile E/CN CELADE/C 7, B. 62 1/5 1964, '

Col ver' Andrew and Eleanor Langlois, "The Female Labor Force'in Metro

politan Areas: An International Comparison," Economic Development
a.and Cultural Change, 10:4 (July 1962) ~ :

uombs Jr.,‘J W. and Kingsley. Davis,k"The Pattern of Puerto Rican h
Fertility," Population Studies, 4:3 (March 1951) N

,lark Colin, Population Growth and Land Use Macmillan,gSt, Marting
Press New York, 1967. - : gwg..., ,

mrymes, P. J., "Alternative Asymptotic Tests of Significance and
~Related’ Aspects of 2'SLS and:3:SLS Estimated Parameters," Review-of
Economic Studies, 36: 213-226- (April 1969) [ IR

uehl William D., 'Farm-Nonfarm Migration in the Southeast' A Cost-:.
Benefits Analysis,f Journal of Farm Economics, 48:1 (February 1966)

urand John D., "Married Women in the Labor Force," American Journal
of Sociology, 52 (November 1964). : A

asterlin, Richard A., Population, Labor Force, -and -Long : Swings in-.

..Economic Growth: The American Experience, National Bureau of : Economit
" Research, Columbia University Press, New York, 1968 "

f----- "Towards a Socioeconomic Theory of Fertility: Survey of ‘Recent
“;"Research on Economic Factors in American Fertility," in-S, -J. Behrman

- et al,, (eds.), Fertility and Family Planning, A World View, Universi
gof Michigan Press, Ann Arbor, 1969. R S,

,Freedman, Deborah S., 'The ‘Relation of Economic Status to}Pertility,"
American Economic Review, 53:3 (June 1963). ' B

.Freedman, Ronald and Lologene: Coombs, "Childspacing and Family Economic
' Position," American Sociological Review, 13 (October 1966a)

.---;-’.'Economic Considerations in- Family Growth. Decisions," Population
Studies, 20: 2. (November 1966b) S

Friedlander, Stanley. L., Labor Migration -and. Economic Growth,*M.I;T,
Press Cambridge, 1965

Gendell Murray,*"ThezInfluence of Family Building on WOmen 8 Rate of
Fconomic Activity,!. Proceedings of the World. Population Conferenc
Belgrade, 1965, IV United Nations New York, 1967,

Gendell M. and P Kreitner "Fertiliry and Economic Activity of,Women :
in Guatemala City, 1964," -paper presented at’ the Population Associatio
of America Meetings April 1969 Sl . : RS




101

,'AiGilbert,’"Non-Market Activities ‘and. Life-Cycle Consumption," mime
0 tober 1968 ' ,

'Goldberger, Arthur S.,‘"Econometrics and- Psychometrics. A Survey of
Communalities,"mSocial Systems Research Institute /EME 7013, Univer-'
sity of’ Wisconsin, ‘March ‘1970,

-----, "0n . Boudon's Method of Linear Causal Analysis,! Social’Systems
Research Institute;’ EME 6914, University of " Wisconsin, February 1969,

‘Goode, William J., WOrld Revolution and Family Patterns Pree Press, =
Glencoe, 1963, ~ .-

Grether, ‘David M., "Notes on: Missing Observations in’ Regression Models
with Serially Correlated Independent Variables," unpublished ms.,
September 18, 1969.

Habakkuk H. J., "English Population in the Eighteenth Century,
Economic ‘History Review, 2nd Series, 6 (1953), =

Hanoch, Giora, "Personal Earnings and Investment in Schooling,
unpublished dissertation, University of Chicago, 1965,

Harman, Alvin J,, "Interrelationships Between Procreation and Otue.
Family Decisionmaking," P-4267 The Rand Corporation, Santa Monica,
‘December 1969.

-Hatt Paul K., Backgrounds of Human Fertility in Puerto Rico Princeton
University Press, Princeton’ 1952.;« o

Heer, David M. and Dean O. Smith "Mortality Level Desired’ Family
Size and Population Increése, Demography, 5: 1 (1968) a o
"4 e
"Hernandez Alvarez “Jose, ‘Return Migration to Puerto Rico, Institute” ,
£ International Studies University of California, Berkeley, 1967..

”Hymer, Stephen and’ Stephen Resnick "A Model of an Agrarian Economy
" with Nonagricultural Activities," The American Economic Review,~’»
59 4 Part I (September 1969). ,

“Income and Expenditures of Families, Puerto Rico, 1953 Vol." 1 Special
‘Economic Studies Division, Bureau of Labor Statistics, Department -
of Labor, Commonwealth of Puerto Rico (June 1967)

’Jaffe, A, J., People, Jobs and Economic Develonment Free Press,
_ Glencoe, 1959.

vJsffe, A. J. and K. Azumi’, “The Birth Rate ‘and’ cOttage Industriesdiu ‘.
Underdeveloped Countries," Economic Development ‘and ‘Cultur
931 ,(October 1960). RO g e R T

JohnsonJ EconometricMethods MeGraw HL11 BobK Co. ;' NewYork(ma)




4:1192-

"eyfitz, N., Introduction to- the Mathematics of. Population, Addison-k
Wesley, Reading, Mass., 1968, SR ;\rf RS

o ‘ebergott, Stanley, "Population Change and the Supply of - Labor," in
- :;Demograghic ‘and Economic Change in Developed Countries, National
"' Bureau of Economic Pesearch, Princeton University Press, Princeton,
1960,

:mLee, Everett S.,'"A Theory of Migration," Demography, 3 1 (1966)

:Lewis, Oscar, "Folk Urban Ideal ‘Types," in M. Hauser and L. F, Schnore
(eds.) The Study of Urbanization, John Wiley & Soms, - New York 1965.

gLong, Clarence, The Labor Force Under Changing Income and Employment,
National Bureau of Economic’ Research . Princeton University Press,
Princeton, 1958. .

Macisco John J., Jr., Leon F.. Bouvier, and Martha J. Renzi, "Migration
‘Status, Education and Fertility in Puerto Rico, 1960," Milbank
Memorial Fund Quarterly, 48:2 (April 1969).

Miller, H. P., Trends in the Income of Families and Persons in. the
United States: 1947 to 1960, Tech, Paper No. 8, Bureau of the Census,
U S. Department of Commerce, GPO, -Washington, 1963. :

Mincer, Jacob "Labor Supply, Family Income and Consumption," American
Economic Review, 50: (May 1960).

4;4;?, "The Labor Force Participation of Married Women," in Aspects ‘of
‘Labor Economics, National Bureau of Economic Research, Princeton
University Press, Princeton, 1962.

—====, "Market Prices, Opportunity Costs ‘and Income Effects," in
_Measurement in Economics, Stanford University Press, Stanford 1963

?;F:-, “Labor Force Participation and Unemployment' 'A Review of Recent
.Eyidence,". in R, A. Gordon (ed.) Prosperity and Unemployment Univer—
"sity of California Press, Berkeley, 1966. ‘ TR

Modigliani Franco, "The Life Cycle Hypothesis of Saving, The Demand
» for- Wealth and the Supply of Capital " Social Research 33 2 (Summer
1966) S - , e R

Morgan, James N. et al., Income and Welfare in the United Stat@s,'
McGraw-Hill Book- Co., New York 1962. .

Myers, George C. and Jeffry R. Gibson, "Cohort Disaggregation Analysis
..-of Fertility Data from a Sample Survey, . paper. presented at the "
.Population Association Meetings, 1968.; ’

,Myers George C. and Earl W. Morris,,"Migration and: Fertility ln ~*
.:Puerto . Rico," Population. Studies 20 1 (October 1966)




+103-

Nerlove, Marc,v“Experimental Evidence on. the Estimation of Dynamic
Economic Relations from a Time’ Series” of. Cross-Sections," Economic
Studies Quarterly, 18 42-72 (December 1967)

——— -“Further Evidence on the Estimation of Dynamic Economic Rela-'
tions from a Time Series of Cross-Sections," Cowles Foundation
- Discussion Paper, No.. 257. (November 1968) forthcoming, Econometrica
« (March 1971a). . - foo

----- » "A Note on Error-Components Models," Cowles Foundation Discuasion
Paper No. 271 (April 9, 1969) forthcoming, Econometrica, (March l971b)

Ohlin, P G., "The Positive and the Preventive Check A Study of the
Rate of: Growth of -the Pre-~Industrial Population," unpublished Ph D.
dissertation, Harvard. University, 1955, : .

Orcutt, Guy et al., Microanalysis of Socioeconomic Systems' A Simu-
lation Study, Harper and Brothers, New York, 1961 . e

Pratt, Lois and P, K. Whelpton, "Extra-Familial Participation of Wives
‘in-Relation to Interest in and Liking for Children, Fertility Plan-
ning and Actual and Desired Family Size," in Social and Psychological
Factors Affectin Fertility, V, P. K. Whelpton and C, F. Kiser (eds.),
Milbank Memorial Fund, New York 1958,

Presser, Harriet B., "The Role of Sterilization in Controlling Puerto
Rican Fertility," Population Studies, 23 (November 1969).

Ridley, Jeanne Clare, "Number of Children Expected in Relation to. Non-_
familial Activities of the Wife," Milbank Memorial Fund Quarterly,
37 (June 1959). : R

Schultz, T. Paul, "An Economic Model of Family Planning and Fertility "
Journal of Political Economy, 77:2 (March/April 1969a).. : ..

----;, "The Effectiveness of Family Planning in Taiwan" A Prb 531
for a New Evaluation Methodology," P-4069 The Rand Corporation,
Santa Monica, April 1969b, : o S T g

—----, Fertility Patterns and Their Determinants in the Arab Middle
B East RM-5978-FF The Rand Corporation, Santa Monica, May 1970,

Silver, Morris "Births Marriagea, and Business Cycles in the~United :
: States," Journal of Political Economy, 73 3 (June 1965) N ‘

w"Births Marriages and Income Fluctuations in the United Kingdom

?‘and~Japan " Economic Develo ment and Cultural Chan e, 14 3 (APril ,:

1966), pp. - 302-315.

,Sjaastadi L., 'The Costs and Returns of Human Migration," in Investmentgi,
in’ Human Beinga, supplement to the Journal’ of Political Economy, 70 S5y
Part 2 (October 1962) R A e




-104-

:tycos;‘J Mayone Family ‘and’ Fertility in Puerto Rico, Columbia
o niversity Aess New York 1955 H ‘

,uHuman Fertility in Latin America, Cornell University Pres
Ithacafﬂ1968

»weet _James'Arthur,-"Family Composition and-the’ Labor Force Activity

of Married Women in the United. States," unpublished Ph D. dissertation,
Unive sity of Michigan, 1968 ' AR

‘aeuber,llrene B.; "Migration and Transformation.» Spanish Surname

APopulation and . Puerto Ricans," ngulation Index, January 1966

obin, James, "Life Cycle Savings and Balanced Growth A in w. Fellner
et al., Ten Economic Studies in .the" Tradition of Irvinngisher, John
Wiley & Sons, New York, 1967,

lnited Nations, Demographic Yearbook 1966 New York 1967

d 'S. Bureau of the Census, U.S. Census:of Population:. 1950, Vol. II,
‘:VCharacteristics of the Population," Part 53 +Puerto Rico, Chapter B,
Washington, D. C., 1962.

r~?--, U.S. Census of Population: lSSO,»Vol.QlV; "9930181'Reports,"
Part 3, Chapter D, "Puerto Ricans in the Continental U.S.," Washington,
’D.C.,w1953. ; L '

----- » U.S, Census of Population: 1960, Vol 1, "Characteristics of
the Population," Part 53, Puerto Rico, Washington, D C., 1963.

--~-4, U.S. Census of Population: 1960 "Subject Reports," "Puerto
Ricans in the U.S.," Final Report PC(2)-1D Washington, D. C., 1963

u. S National Center for Health Statistics, Vital Statistics of ‘the
United States, various years U S. Government Printing Office,
Washington D.C. ‘ : R

Waldman, Elizabeth, '"Marital and Family Characteristics of Workers,
March 1966 " Monthly Labor Review, 90 (April 1967)

Weller, Robert H.,'"The Employment of Wives, Role Incompatibility and
 Fertility," Milbank Memorial Fund Quarterly, 46 4 (October 1968)
pp; 507-526 '

s A Temporal Study of Female. Employment and Fertility in Puerto
Rico., -1940-1960," paper 'prepared -for IUSSP: meetings, Mexico City,
'August 1970, =

"5"Westoff Charles F. et al., Family Growth in Metropolitan America, ‘
ﬁPrinceton University ‘Press,” Princeton, 1961, b h

fm———— lhe lhird Child,: Priﬂceton Universit:y Prcuu, ALUUCLULLy L LTV 0



http:Statistics.of

o oelos-

'SUMMARY.-OF DERIVED VARIABLES

Symbol

“Brlef Description

B B R

Endogenoué Variable

Exogenous variables

NSON N N N N NN
W 0 ' ~N O U W N =

N

Crud; birth rate

Iemale labor force partlclpntion rnte
PLrsonal income (100 §)

Legal marriage rate

Cohs?nsual marriage rate

Age'Index of birth rates

Sex }atio (M/1) age 15 - 34

Chil?ren (0-4) per woman 15 - 49

Age ‘index of female participation rates
Adul} sex ratio (M/1) 15-64

Age index legal marriage rates

Age index consensual marriage rate

Migration variables (see Tahle 2)

Scho&ling rate, age 7-13
Scho%ling rate, age 14-17
Index of demand for female labor servtces
Adult schooling (vears) '
Crudp death rate
Unp%id family workers
,Unedbloyment rate
:‘Agriculture

'_‘Infant death rate
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