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PREFACE
 

The research on which this study is based was supported in pa
 

by the Agency for International Development, Department of State,
 
Contract csd-2151 with The Rand Corporation, and in part by the
 

National Science Foundation under grants FSF-GS818 to the Cowles 
Foundation for Research in Economics at Yale University and NFS-GS2670
 

to .the University of Chicago.
 

This study of the family formation process in Puerto Rico is 
the
 
first of four "country studies" undertaken at Rand under AID sponsor­
ship. 
The others (to follow) consider particular aspects of human fer­
tility patterns in East Pakistan, Taiwan, and the Philippines. This
 

study is perhaps the most ambitious of the four, given the more compre­
hensive and reliable data available for Puerto Rico. 
 It is also the most
 
tentative in its empirical results and is offered as 
a progress report
 
on the feasibility and potential usefulness of comprehensive analysis
 

of the system of family behavior that surrounds reproductive decisions.
 
Estimates for the simultaneous-equations model developed here should
 

ultimately provide a-basis for a country-specific simulation model of
 
short-run demographic and economic change. 
The purpose of this general
 

model of family decision making is to contrast and evaluate the dynamic
 

repercussions of alternative policy choices for the development of
 
Puerto Rico. Much work remains to transform the analytic approach
 

outlined in this study into a reliable guide for policy making, but the
 
value of 
even this preliminary study is to illuminate the interactions
 

among social and economic choices made by the family.
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SUMM4ARY
 

Demographic phenomena such as marriage, birth, migration, and labor
 

force participation are conditioned by economic factors and in turn
 
contribute io the subsequent demographic and economic characteristics
 
ofthe population. 
If, as seems likely, these types of behavior strongly
 

interact and have roots in the connon attributes of the individual and
 
his environment, quantitative analysis should seek to specify and esti­

mate the relevant behavioral relations simultaneously. To view one
 
behavioral relationship at a time is likely to produce misleading esti­

mates of 
cause and effect 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 fortvai
 

demographic-economic behavior1linked to thefamily formation procesi
 

The lack of firm empirical or theoretical guidance on the specifical
 

of many of.the behavioral relationships implies that the-specific'f(
 

of the model is tentative and exploratory. But, it is argued, thes,
 

types of household behavior must be analyzed within a common framewc
 
and this study-demonstrates the feasibility of this approach.
 

The basic data for the model refer to a large number of small..
 
administrative regions in Puerto Rico, 
called municipios, in the cez
 
years 1950 and 1960, as well-as intervening years for some variable
 

The model is 
an elaboration and extension of the single-equation aai
 

sis .ofbirth rate determination by Schultz. We now regard:fertilit5
 

as jointly determined with women's participation in the labor force,
 

interregional migration, personal income, and. the prevalence and
 

character of marital unions. 
Death rates, industrialstructure of
 
employment, educational levels, and unemployment rates are treated a
 

exogenous, but .the age and sex compositionrof an area over time is 

determined by the model given the initial state. 

A salient empirical findingis the strong positive relationship 

between birth rates-and prior crude.death rates lagged three and fo6 
years. During this period the decline in mortality is contributine":
 



substantially. to thedecline in fertility. The relative earnings, 

capacity of men land women in the labor force accounts for much of the 

variation in marital arrangements .across the Commonwealth and thereby. 

indirectly affects fertility, labor force participation, and possibly
 

migration. The level of personal real income is weakly but positively
 

associated with the birth rate, holding constant for marital composition,
 

recent mortality,-adult education, and women's participation in the
 

labor force. As anticipated, income differentials appear to be the
 

major determinant of interregional migration flows, though the propen­

sity to migrate differs greatly,, of course, among the age and sex
 

cohorts.
 

,Though the specific model estimated.in~this study has a number of
 

shortcomings, particularly'with lregard to accounting for interregional
 

migration, the analytical approach ,to.,the ,householdlsector represents
 

apromising instrument-for extrapolating or simulating behavioral
 

patterns for policy makingi and planning, with: respect to both demo­

graphic and economic 'goals of the society. -.
 



-ix-

CONTENTS
 

PREFA,(k;. * . A .* * * ~ * * .. 	 ,. . V
 

"LIST.-OF TABLES .. 	 . . . ..* .. . xi
 

ection
 
I* INTRODUCTION ............. . . .... .... 1
 

Labor Force Participation of Women* . .. ..... 3
 
Family Composition -- Fertility . . . 5

Marriage . . . .i.; . " " • • "• • .	 6
... 


Personal Income. .... . . . . , ....... . * 7.
 
. . , 


Fertility and a Household Model of Choice ......... . 11
 
Migration ....... . . • *.* * * * .9
 

AL*. .ulE 	MODEL . .,1.d OE . . . .. . . . . . . . . . . . ... . . . ... . . ' : 13
13
 
Birth Rate Equation ...... ...... . . . ...... 24
 

Female Labor Force Participation Equation. . . , 27,
 
Income Equation .................... 29
 
Two Equations for Marriage,. . .......... . .30
 
MigrationEquations..... *....... . ..... 31
 

III. 	 DATA AND TECHNIQUES ;.................... 33
 
Basic Data Sources . 33
 
Estimation of Dynamic Relations in a Crossection of_
 
Time Series ..................... 37
 

IV. EMPIRICAL ..introductionRESULTS. . . . . . . "i . . '..	 43
43
 

Birth Rates . . . . . .... .<.. . . . • • • . ** . 43,
 
Female Labor Force Participation: Rate .0. . . . ;.. 49
 
Personal Income. .. ... ..... •. .... , 52
 
Legal and Consensual Marriages.. . . . . .... 55

Migration Equations 	 -58'
 

V. IMPLICATIONS FOR POLICY AND FURTHER RESEARCH.. .,..'. . 63
 
Feasibility and Necessity of a Simultaneous Equations

Model .	 ..... ." .. ' • 63
 

Closing 	and Simulating the Model . . . . . 64' 
Some Qualitative Implications for Policy..-. .... . 67
 
Improving Individual Equations . . . ... . . . . , 69
 

Appendix
 
A. MIGRATION. 2:THOUG . . . .. • .;* * *..* *,,* * *k ** '73 
B. REGRESSION- RESULTS.,FOR 1950 AND'1960 SEPARATELY, 

EQUATIONS 2 THROUGH 5 .. . . . . . . . . .,. ... . . 83. 



C. 	REGRESSION RESULTS FOR 1950 AND 1960 COMBINED EXCLUDING
 
SAN JUAN, EQUATIONS 2 THROUGH 5... ....... . . . 91
 

D. 	 REGRESSION RESULTS FOR EQUATION 1 WITH INFANT DEATH
 
RATE AS THE MEASURE OF MORTALITY REGIME. .. . . . , 95
 

E. 	MEANS AND STANDARD DEVIATIONS OF DERIVED VARIABLES USED
 
IN REGRESSION ANALYSIS ........ . . . .. * 97
 

REFERENCES . . . . . . . ., 	 . O.". 99'' 

SUMMARY OF DERIVED VARIABLES 	 . * * .a a a 0 .. 105
 



LIST OF TABLES
 

Text
 
1. 	basic varlaD±es ana raramerers ror a uemograpnic-tconomic 

Model of Family Decision Making in Puerto Rico.. . ... . . 15 
2. Derived Variables Used in the Model .. . . . ..... . .. 18 

3. List of Variables Included in the Estimated Equations . . . . 23' 
4. List of Puerto Rican Municipalities . ... .... .. .. . . 35 
5. Equation 1: Yl, Crude Birth Rate, 1950-1960. . . . a. 44 
6. 	Equation 2: Y2, Female Labor Force Participation Rate,
 

1950 and 1960 Data Combined ................. 50
 

7. 	Equation 3: Y3, Income Per Person of Labor Force Age, 
l950and 1960 Data Combined .. . 53 

8. 	Equation 4: y4, Percent of Women (14+) Currently Legally 

Married, 1950 and 1960 Data Combined .,. . . .. . . . . . 56 
9. 	Equation 5: y5, Percent of Women 0.4+) Currently Consensually 

Married, 1950 and 1960 Data Combined. .. '. . . .. . . . 57 
10. 	 Equation 6: Y1 3 (k), Female Migration in Ten Age Groups, 

Between 1950 and 1960 ......... . . . . . . . . . . 59 
11, 	Equation 6: Y14 (k), Male Migration in Ten Age'Groups, 

Between 1950 and 1960 ....... . . . . . . . . . . . . 60 

Appendixes
 
A-i. ,:Annual Net In-migration Rates, Means and Standard Deviations
 

for 75 	Municipalities of Puerto Rico and Net Migration ,
 
Rates tothe Mainland United States . o... . . . . . 80, 

A-2. Survival Rates for Puerto Rico, 1950-1960 .......... 8 
B-i. Equation 2: y2 , Female Labor Force Participation Rate,'1950 Data . . . a a . . . . . ..9 0 6 , . . . 0 . . 0 . . 83a 	 0 

B-2, Equation 2: Y2 , Female Labor Force Participation Rate, 
. e o Force- 1960 Data I.Incoepe.. . P . of 84
 

B-3. Equation 3: Y3, Income per Person of Labor Force Age,
. . . ........ 85
S1950 Data ... . . .. 00$ 00a 0 


B-4. Equation 3: y3, ncome per Person of Labor Force Age, 
1960 Data 0 . . . . . . . ... .. ... . . . . 86 

B-6. 	 EquationMarried,4: 1950 Data ..... of Women,. (14+7). ,Currently. . . . . . . 87y,SPercent . . Legally,.. 

B-6. Equation 4: y5 , Percent of Women (14+)Currently Le ally 

Married, 1950 Data.. .... 	 . . . 89
00 .. 	 .89Married, 1960 Data., a 0,... , 0:0 ' 

B-B. 	 Equation 5: y5, Percent of Women (14+) Currently Consensually
Married,.1960OData.. . 0 .. ~ . .. . ...... •6 90 

C-I. Equation 2: Y2, Female Labor Force Participation Rate, 
.1950 and 1960 Data Combined, San JuanExcluded. e . •* 91 

C-2, Equation 3: y3 , Income per Person of Labor Force Age, 1950 
and 1960 Data Combined, San Juan Excluded ......... 92 

C-3. Equation,4: y4 Percent of Women (14+) Currently Legally 
-, Married, 1950 and 1960 Data Combined, San Juan Excluded . . 93 

C-4. Equation 5:' yS, Percent of Women (14+) Currently Consensually 

Ma'r ied, 1950 and 1960 Data Combined, San Juan Excluded. , 94 



D-. Equation 1: .yl, Crude Birth Rates'with Infant Death Rates, 

. . 95. .. . '. 9.5...as Measure of Mortality.Regime 

Means and Standard Deviations 6f Derived Variables 

Used in
 
E-1. 

. * 9977.....
 . ... .:.*. .Regression Analysis 




I. INTRODUCTION.'
 

The family is commonly encountered as the unit of observati6n for 

the' studyof 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 emphasize4 the interaction 

between the individual and the family over the life cycle (Becker 
-


[i965, 1967], Ghez [1968]). In additioni to being a consumer-unit, 


the family is a supplier of-labors It affords the traditional means 

for greater individual specialization among market, nonmarket, repro­

ductive, and child rearing activities. Generational cycles in both 

physical savings and human capital formation in children and adults 

further constrain and shape consumption opportunities of persons, 

within or potentially within a family unit (Ben-Porath [1967], Ando 

and Modigliani [1963], Tobin [1967]). Some of these aspects of behaN
 

have been investigated, but generally each separately, neglecting their
 

jointly determined character. Demographic phenomena such as marriages,
 

births, migration, and labor force participation are conditioned by
 

economic factors and in turn contribute to the subsequent demographic
 

character and economic characteristics of the population. If, as seems
 

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
 
.accounts for various demographic-economic-behavior linked to the .
 

family formation process. The basic data for our model refer to
 

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

Frequently each of two behavioral decisions will depend upon t 
othe'r. Generally each Contains a random element -- that is, the dec: 
sions are not deterministic. Furthermore, these random elementslwil: 
-usually not be independent of one another. To avoid biased estimate
 
of the underlying cause and effect relationships in this case, spec
 ,
simultaneous-equationsestimation techniques are required (see J. Jol
 
[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])'.
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municipios, in, the census years 1950 ,and'1960 as well as intervening 

. Our model is an elaboration and extensiol.yearsfor .some variables 

of the single-equation analysis of birth .rate determination lby Schu.
 

[1969a]. We now regard.fertility as jointly determined with w "menI 

participation in the labor .force,, interregional migration, personal 

income, and the prevalence and 	 character- of marital unions. Death 

rates, industrial structure of.	employment, educational levels, and
 

as .but' the age. andsex
unemployment rates, are,.treated exogenous, 	 coi 
position of the population of an area :overitime is determined by th
 

model given the initial.state.
 

In this introductory section we review several literatures per
 

taing to behavior we seek, to model. In Section II we, discuss the
 

In Section III we report some Prelimin
specification of our model, 


statistical results from estimating the model for contemporary.Puer 
.,Rico. In Section IV we summarize and interpret our findings and 

describe a program for further 	research designed to improve and com
 

plete the model.
 

To predict a particular ciass or Denavior oi woumen Lzj--t:=u 

,the task of this study; that is, we ask what factors affect women.'s 

_choice o'f marital status (single,consensually married, legally max
 

labor force status (in or outside of the civilian labor force) and
 

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
 

f marital status and family composition, are commonly "ound in .-thi
 
aborforce, earning what they can. To agreat extent, the level
 

iMany of the relationships we ultimately estimate can be viewi 

iartially reduced forms for both the appropriate supply and demand
 

For example, in the marital status equations female dei
ichedules. 
knd male supply of marital agreements (or vice versa) require impl 

iarket prices and quantities. We refer to a locus of equilibria tl 

ssumed to be a function of the costs and returns to marriage in e: 

)ftwo forms for both of the sexes. In the female labor force parl 

ation 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 t 
lemand and supply schedules , . 



market income, theiamount;,and composition of homeproduced andconsumed
 
goods and services, and. the family composition,are contingent upon the
 
woman s activities. 
Web assume here"'that the ex'tent to which'children
 

are set ,to.work or.sent to.schoolis exogenous, to. the model, limited 
.
 
only by,the.availability of,schooling in he r'egion. WithiW-this
 

behavioral complex the woman's decision whether to.participatel ih the%
 
labor.force has perhaps received the most systematic attention,. particu
 

larly Ln the United States.
 

LAB OR FORCE PARTICIPATION OF WOMEN 

Analyses of participation rates 'of women often focus separately', '
 
on single and married women and implicitly assume" the prevalence and 
duration of marriage influence the size of te '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 enterthe full-time labor force (Bowen and... 
Finegan. [1965]).-. The effects of labor market conditions, and househpld 
Sopportunities iforeconomic and reproductive activity require a 
mot'.
 
detailed:.description. i
 

Women are more 1l
 
employment. opportuni/ties are attractive: that is, when the rewards
 

are large and,certain,, alternative !.economic-resources-are scarcei 
.
and family responsibilities are compatible with employment. These
 

general expectations are confirmed by cross-sectional studies of 
female labor,force participation in the United States, although the
 
form of "thecstatistical model and the "measurement of some of'the 
variables cause certain difficulties. The earnings of women are;-, 
directly associated"and unemploymant is inversely associated with
 
female,participation ,rates (Mincer [1960,962,. 966], 6Cain
[66,
 

1967], Bowen: ndFinega [1965, 1969]).
 

Although cross-sectional estimates may overstate,the magnitude

of unemployment's 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
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Education'may also-plausibly,affect women's partLcipation by in­

cr:ureasing her ,employability (opportunity income) and perhIaps also by
 

increasing iher desire to work., Despitec dollinearity between-female
 

earnings and education both variables, appear 7to txert independent'
 

effects,on female participation according to cross-sectional studies,
 
' of the United Stat'es '(Bowen and Finegan '[1965]).- But!the effelct of 

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

holding constant for age, color, and income",differences in partici­

patlon rates, for white wives associated with their education attain­

ment nearly vanish if one-of their children- is .less than 'six (Sweet, 

[1968]). In this case,, weI might cniclude that educated wives are 

strongly influenced in their participation behavior by the demands of 

rearing their own young children. The evidence from other countries
 

on the effects of education on participation is more limited.1
 

-
The scarcity,or: adequacy, of; other resources available to the%
 

household may.be measured by family income minus that amount thewoman
 

,earnsherself.. 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 familyIs composition
 

strengthen this inverse association (Sweet [1968]).,
 

-.
Regional differences in industrial!/structure may affect the derived
 

demand for the !abor- services?of'women and hence influence employment
 

opportunities, wages; and -participa tion.: An index.of sect6ral demand
 

rates' 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 'whichpersonal income by,
 
sex is tabulated by municipality, we found a significant positive asso­
ciation between female parLicipation rates and female income, and nega­
tive association between female participation'and both male income

and 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.
 

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



for female labor-services is associatedi:cross-sectionally" in- the: Unitec 

States 'with married, female participationz rates 0[1950],(Belld c Bowen­

and Finegan [1965]).i
 

FAMILY COMPOSITION -- FERTILITY
 

The composition of a woman's family is strongly associated"with"' 

her participation in the U.S. labor force. Typically, the numb er 6o 

own children under the age of 18 and age of youngest child are both 

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 is 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,.­

might give the biological explanation somewhat greater weight (Stycos
 

[1968], Weller [1968, 1970]). Nonetheless, even in the United States,
 

• ,eenage 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 indi'ate a positive cross-sectional association between such
 
an,'index and the overall rate of female labor-force participation.
 

2Presser [1969].
 



few studies,have,;proven,that .women's.:7career%ambitions:"and' their desire
 
to zwork,or: to undertake6.nnfamily.activities ;act ally
1y t e 

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 affects the,­

timin,,of'familys formation rather than the completed size (R.- Freedman
 

and Coombs [1966a, 1966b], 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
 
relating female labor force participation and.fertility are further
 
'complicated by inadequate measures of labor force:participation. The
 
importance of cottage industries, home handicraft, and live-in domes­

- tic service employment for women in less:,developed countries suggest 
that all classes of female employment may not be equally incompatible 

with.concurrent child bearing and r-earing. Only occupational commit­

ments of a more modern sort, outside of the home, constrain the pur­

suit of traditional family roles and are therefore less often observed 

in conjunction with high fertility.
 

MARRIAGE 

Once-out of school the young woman may have a variety of options
 

including marriage,. labor force participation,.and perhaps migration.
 
What,.factors influence her: choice,,, or the choice of the household. of 
.which, she' is, a: member?,. Seyeral studies, have shown that over time .in 
several,developed:countriesthere,exists an association between. the 

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

1When this distinction among types of female employment is made,

fertility is generally found to be lowest for women in modern occupatic
 
6(those requiring work away from home, for example, clerical 
 and techni­
cal activities), intermediate for domestic services and handicrafts, ar
 
highest for women not classed as participants in the labor force (Hatt

[1952], Jaffe [1959], Jaffe and Azumi [1960], Gendell [1967], Wellerl
 
[1968, 1970], Collver and Langlois [1962]). Exceptions nevertheless 
occur in-some cultural rpftinov (.qt. n,,,arioar1.-.,,_,.._ .
 

[1969]).
 



(Silver [1965, 1966]). Some evidenceexists of cyclical Ifluctuation 

in marriage -,and,-birth rates, in low-income cou fvntris, as ford example 
Puerto, Ri.c (Combs and Davis [1951], Hatt .[1952],' Myers, and Gibson, 

[1968]), ,but cross-sectional differences, in .the prevalence of ,marria 
stem largely from the secular rise in the age of marriage. These 
cross-sectional differences may be directly responsive to the level 

of personal income and inversely to .unemployment, but more modestly
 

than marriage 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 Puerto Rico 
: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
 
1the separate interests of.the partners? The alleged instability of
 

consensual unions is frequently thought to be more of a disadvantage
 

to the woman,than to the man. But in the urban lower-class environ­
ment where this institution is common, observers have noted that con­

sensual unions are often matriarchal; the woman, because of her positi
 
in the labor force and the man's frequent exposure to unemployment,
 

appears to be both the economic and social authority opting for the
 

consensual union (Lewis [1965], Goode [1963]). If this hypothesis
 
is correct, conditions in the labor market that strengthen the woman's 

economic status relative to the man'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

troversy in the sociological literature 'Goode r19631). 

'"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
ficlient number of advantages to make it attractive. Because of the
 
insulation of the sexes before marriage, men and women enter this
 
status in considerable ignorance of one another. Divorce for this 
claEs is difficult and costly. The consensual union serves as a kind 
of trial marriage in which a mistake can be corrected without dundue",:­
hardship." Stycos [1955, p. 245].
 



PERSONAL ,INCOME 

The:level of potential incme ini a-comunitysa function of its 

' supply of economic resources and itsdemands for thes resources.' In­

come" fron labor constitutes generally from half to threfourths of
 

national income, and, since labor income is reported more completely"
 

in surveys and censuses, the larger part ofmeasured 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-of'labor and hence to raise its earnings potential. But the 

earnings:potential for comparable labor services may not be uniform
 

across, regions or sectors,:for the costs of geographic and sectoral
 

mobility and imperfections of information hinder the movement of labor
 

to eliminate labor market disequilibria.
 

Unemployment is the most obvious indication of an insufficient
 

level or mix of localsderived demand for labor, given the existing
 

supply -'and institutional structure. Widespread unemployment should
 

therefore depress potential returns to labor in general. Unemploy­

ment 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 assoclation expected between unemployment and personal income
 

per adult person.-

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 associated with rising incomes.1 Such a rate of exodus
 

from agriculture suggests substantial sectoral disequilibrium and
 

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

:In Puerto Rico the proportion' of the laborforce in agriculture 
fell from 39 percent in 1950 to 27 percent in 1960. Unfortunately the 
census definition of the farming population changed between the_ c.enuses 
of 1950 and 1960 adding further to possible errors n the'measureme't 

of this.variable..,"
 



other t~ectors"of the "economy. Other studies ,of personal income .de-, 

ter ination in developing countries confirm the effect of.education ­
-and the: agricultural disequilibrium.on personal incomes. -. But unemploy­

ment,, on the other hand, perhaps because of its vague nature 'in the
 

low-income setting, does not appear always to be strongly associated4
 

with depressed personal incomes (Harman [1969]). 

The observed'level of personal income per adult in a communityx
 

is not only a function of the 'determinants of personal earnings
 

potential but is 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, greIater 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:incor 

per adult be. Since labor force participation of both women and child­

ren tend to be inversely associated with income or income of the head 

of household, it may be difficult to observe directly the net contribu­

tion of these two groups of secondary workers to personal income ,1(Bowei 

and Finegan [1965], Cain [1966], Sweet [1968]). It is p6ssible :that 

the prevalence of marriage and the frequency of childbirth are better
 

predictors of the opportunity costs of withdrawing women from the laboI
 

forcethan their actual participation rate..
 

Home production activities of families have been stddied from 

the point of, view of having.,children. Household behavior in. this 

sphere is not -investigated here for la-ck of adequately disaggregated 

income data. 

MIGRAT ION, 

V"e ed as: an activitywith associated .costs and'returns to the 

productivity -and earningsmo f the human agent, migration has been
 
alyzed as one forni of humaw capital formation (SjAad (92]'
 

Th net .-And benefit streams-, broadly "may be reduced to,cost& def ined, 
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a single'rate of. return, which' is preumed'tbe associatedwith the 

actual' migration,'rate. This .View of migration asan'investment actj­

vity t undertaken when dincounted- benefits outweigh cos ts is conceptually 

attractive," but it requires data for empirical verification that! are 

not. commonly available, that is:, futu're earnings profiles in various' 

locations for various persons and prospective direct andopportunity'
 

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.
 

It is not now empiricallyt.feasible to calculate the "expected" 

,rate of. return,to migration,as a predictor of'the-migration 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. Thes'e, may:in turn be related to 

Smigration 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' susceptible, than others to,,migration'. opportunities :1 the
 
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-'
 

tiIes abroad; and often the women,: who iif, equally educated with men 

may have more to gain and less to losefrom'leaving-traditional rural 

society.and accepting the responsibilities and,,opportunities ofpro­

gressive urban society.,, To ,the extent that the compocition of-.
regional
 



populationsdliffer.,wi th,regard balance, 

attainment, :one might expect ; them, to, differ in 


to age, 'sex and.educational 

their susceptibility. 
'to migration given the;: same differentiai opportunities . There'are 
two "methods- for dealing with these ;compositional qualities of .the., 

'population.. Either the compositional' .variable may be added to .,ltfie.i' 
predictive model$, implicitly assuming a particular functional rela­
tionship between ,,the,characteristic and-:the probability Iof migration,
 
or migration may be considered separately within specific age-sex''' 
education 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
 
influenced by past migration and influences other aggregate behavioral
 
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.
 

FERTILITY AND A HOUSEHOLD MODEL OF CHOICE 

Reproductive behavior is not always viewed as 
responsive to man's
 
environment. The Malthuslan..premise --
that man,procreates at a rela­
tively constant rate,and.,mortality changes, to 
achieve reasonable 
balance between: population andenvironment -- permeates many investi­
gations of, fertility-and population growth. When historical trens, 
in'-po'pulatjon and-economic growth coincide, scholars-y cannot:, agree 

- whether' this is coincidental-i.,or if not, "which: is-'cause and.which,-, 
effect (Habakkuk [1953], Ohlin,, [1955], Clark [1967])..!i, ,In contempo'-. 
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
 
inU.S. fertility has been recently.advanced by.Easterlin [1968], but
 
as yet econometric techniques:have not been used to test this aonroae
 
with disaggregated data
 

Aggregate econometiL muuuexs 
nave cenoet to neglect'the economic 
and: demographic, behavior of the household. sector. The Ionly. major 
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effort to!Study'J;micro behavior of' the househol.dis that of-Orcutt and 

his: assciates [1961]. Orcutt et al. however, do notattempt to 

estimate simultaneouisly behavioral "relations characterizing household 

'decisions; .rather they :seek ,to estimate the probability 'of specific 

events -- such as marriage, birth, -female laborforce'participation -­

given a set of conditioning features iof, the population or "status 

variables," typically demographic and economic. in nature. Realistic 

simulation of demographic and economic change at' Ithe householdlevel 

is their goal, as it isours, but our methodologies differ., 

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 emp'irical implications of this 

approach, generalizedto conform to the'setting of the low-income 

country, 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
 

environmental constraints on parent demand for'children. Of sub-,', 

stantial importance in past work is the compensating association 

between the frequency of (child) death: and~birth in families (Harman 

[1969]) and in communities (Schultz[1969a, 1969b, 1970]),.. iThe.,obJect 

ofthelnext.section is tooutline a more comprehensive model of house­

hold behavior in which fertility -istreated' as jointly.determined with
 

the other decisions' and.their consequences.
 



THE MODEL:
 

In this section, we formulate a.model,of.:severalinterdependent
 

household decisions that explicitly.takes iinto.account the.simulta­

neity involved in these areas of choice,_..-The key,variables,.in.our.
 
r
study of Puerto Rican demographic:,and-,economic,structure in.the...
 

1950s are (1) family size,,,(2) female labor force participation rate
 

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

.rural.to urban areas. Desired.,oreven realized familysiZe:is not,
 

unfortunately, an observed variable.. 'Consequently, we have chosen :
 

to focus on a directly observable,variable',s the crude birth rate.,,!
 
"Whether or not a woman chooses to Work and atwhat points durn
 

her life she does so are related to the size and composition of her
 

family: over'time. Th presence of a number of small childreniin 'the
 

household may'effectively pieclude participation in the labbr force'
 

away from'home". Fertility and labor force participation are also'
 

affected by marriage, and marriage decisions are made jointly.with
 
deCs'isons affecting ultimate family size and timing.as.well _as labor
 

forcelparticipation, In Puerto Rico the distinction betweenlegal,.
 

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,
 

age .groups who are legally married or:in consensual unions are thus
 

also endogeious to the model.
 

Migration from rural to uroan areas wicnin ruerto-Ricof.ane, betwe
 
Puerto.Rico and mainland United States' is highly age and: sex ,specific
 

inoour model:.we .assume migration depends upon .economic differences,-,
 
_.such,asi-income,and employment opportunities,-,that-exist among regions
 

and_,on-the educational .attainments of potential migrants. Such migra
 

'ti
certainly affects- the -rrude birthrate,and possibly other demo-.
 

graphic variables ,through its differential ,impact',upon'the age-sex-.
 

.compqsition inareas from which and to which migration occurs. Migra
 

tion may also selectively change the behavior composition of populati
 

even within a given age-sex,cohort. Demographic variables, in.turn,
 

http:model:.we


affect migratory flows by affecting,the c..domposition of the,populatio'ns
 

from which these flows take place. 

In, addition to the crude birth'race, me remaie-±aborrorce par­

tiipation rate,, and migration flows, the,endogenous, variables of our 

model' explicitly-include the,proportions.of women,legally ands consen­
sually married reflecting income,both in cash.and' in'Is and, :a' variable 

kind,"% ais .well-:as, implicitly, the total population and its age-sex
 

composition., 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
 

closure is necessary, and the appropriate identities will be explicitly
 

incorporated... 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 .willnot.
 

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

approximations thereto.
 

Our ,birth -rate equation:,s estimateo.using oata ror omunicipios
 

over,the eleven-year period 1950-1960 -the migration equations are
 

fitted,,to, purely.cross-sectional. data'on,,the 75- municipios; and, the­

remaining 'equations are estimated-'by combining the: data'on the 75.
 

municipios for :the two census years. 1950.and,1960.
 

Mnemonic symbols and descriptions of the main endogenous and
 

exogenous variables in our analysis are' given in Table 1. The num-'
 

•ber of- e
endogenous variables exceeds the number of equations explicitly 

formulated.because'of the. inclusion.Of,several.,demographic:.variables 

only. implicitly. determined. ..The-,derived variables -actually used. in 

the statistical-analysis are-presentedin!,.Table,2. The.equations esti­

mated-'are summarized in .Table ,3.,-, On the last page ., of,7this Memorandum 

is a fold-out summary table of-,the 'derived ,variables inthe. complete 

modei-,for the reader,. to: consult. as needed. 

Estimates' of "the parameters of the equations'listed in 'Tabie 3 

are presented e next section. Here we present some Justification 



Table 	 1 

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

Symbol: Description 
bit Total births to mothers residing in municipio i in 

period t. 

f1it 	 Number of women 14 years or older economlr'calv sirna1t'
 
in municipio i in period t.
 

I 	 Person'ai income in cash and kind in 195 P dollars-init municipio i in period t.
 

mc Number of women living in free or in consensual unions'
 
,n'-municpio i in period t.
 

mlt Number of women legally married in municipio i' in
perid t.
 

Mfit( Net in-migration (negative for-out-migration) of femalei
 
in age group k to municipio i in period t.
 

mi(' Net in-migration (negative: for out-migration) of males"
i 	 in age group k to-'muniicipib' i in period
 

Nf <(1 - ..... -Female population in age groupperiod t.. '"".. .. "" : k in munic 

N-(1 -:Male population"in ege gr"up"k in municipio i in 

perio-A' 

Nit Total population in municipio i in period., t.
 

c(k Nbrfchlrenikin school in
 
municipio i in period t.
 

dt. Total'number 'of deaths of persons residing in municip
 
,
i in period t.
 

IM Number-of deaths of infants less .than one,year of age
residinginh municipio, ;i in period
 

JDUJM Dummyv variable: .:0 in 1950721 i-n 196(
 

7E~t ( 
 Total',employment in industry
-it 	 period: t.a, f ,inniunicipi 



Table 1 (continued) 

Symbol 	 Description' 

fw 	 Number of unpaid family workers in municipia i, init.... period t.
 

iLFt 	 Total civilian labor- force in municipio, i in veriod 
t.
 

LFAi 	 Civilian labor force in agriculture in municipid i
 
in period t.
 

s, 	 Median-years of schooling for persons 25 years or ovei
i 	 in municipio i and period t. .
 

Uit 	 Total unemployment in municipio i in period t.
 

Age-specific birth 	rate per thousand women in age grou
k for Puerto Rico 	 as a whole in 1954 b .
 

Proportion of total employment in industry J ,that is 
female for Puerto Rico as a whole, mean ratio for 1950 
and. 1960 a 

7k 	 Age-specific female labor force participation rates in
 
age group , k.. for.Puerto Rico as a whole. mean ratec
for 195071960.
 

6k 	 Age-specific legal marriage rates for age group ',k in 
Puerto Rico as a whole; mean ,rate for 1950-1960*'c 

ek; 	 Age-specific consensual union rates in age group. k 
for Puerto Rico as a whole;, mean rate for 1950-1960.c 

Notes:
 

rdustry groups anu 	une corresponaing iss,, are:
 

_1. Agriculture 
 0,18

2. Forestry and fishing 
 015
 
:. Mining 
 .012
 

4. Construction 
 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 establishmentE 
 190
 



-Notes to ,Table 1 (continued,
 

II. Other retail 
 .255
.310

12. Finance 

13.. Business and repair servic 
 .038
 
14. Private housing services .867
 
15. 
 Other personal services .333
 
16. Entertainment 
 .183"!
 
17. Hospitals, medical and professional srvirs=, .552'
 

18. Educational services, public 
 .728
 
19. Educational services, private 
 .710
 
20. Public administration 
 .251
 
21., Industry not reported 
 .417
 

.The values of a are:
 

k ge Group
 

1 0-14 0.6 
2 
 .15-19 
 97.5
 
3 
 20-24 254.6
 
4, 25-29 218.9
 
5 30-34"I 159.9
 
6 35-39 131.3
 
7 
 "4045: 
 47.5 

over' 45~ 101.8 

The values of Tk, 6k and E' in perceft are as fo1lowl
 

k- k 

1519, 13.3 
 14 7 4.2
 
20-24 30.5 
 51 1 11.3,­
25-29 28.3 70.7:. 13.19,
30-34 
 27.3 
 75.8: 
 :14.4
 
!35-39- 25.6 
 76.5 15.3
 
40744 24.0 
 73.3 13.4
 
45-49 21.0 
 69.6 :11.5
 
510 .0. 6 42.7 5
 



"rable z 

DERIVED VARIABLES USED IN THE. MODEL 
:municipio and period subscripts suppressed' 

Symbol 	 Description andFormula 

1. Endogenous Variables
 

yCrude birthrate:(per thousand): 

(b/IN) ': 1 0 

Female labor force participa'tion rate 
(percent):
 

'2

(fl/Nf(14+)] • 102
 

Y3. 	 Perso--i income in cash'or in kind.per person 
of.labor force age (in hundreds of 1959 
dollar6): 

I/Nff(15-65) + Nm(15-65)]
 

ydercentage of females 14 years and over 
, ' legally married (percent):

2
[ml:/Nf (14 +)] 10

y ' 	 Percentage of females 14 years and over 
living in consensual'unions': (percent): 

[mc/Nf(14 10 

Index of female age ',compositin,. age­
specific birth rate. weights, (per thousand): 

8
 
a:1
ak Nf(k)/N 

k- 0-14, 15-19, 20-24, 25-29, 30-34, 35-39, 
,40-44, over 45 

Sex ratio in marriageable age group: 

Nr(5-34) Nf9(5-34) 

Children 0-4 per woman 15 -49 

Y8
 

[Nf (0-4) + .Nm(0-4)1 	 I Nf(1 49)': 



Table 2 (continued)
 

Symbol 


y9. 


Y10 


Yll 


Y12 


Y1 3 (k) 


Y14 (k) 


Y15(k) 


. Description and Formula: 

Index of, female age composition, 'age-specific 
labor-force participation rate weights: 

8
 
k lyk !Nf(k)/Nf(14 +)a 

Adult Sei -tatio: 

Nm(15-64) -, Nf(15-64) 

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

8
 
+)a
Nf(14k 6 Nf(k)k-i
 

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

8
 
I Ek Nf(k) Nf(14
 

k=l
 

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

k 
k 

per 

,14f (k/Nf(k)b 
Net in-migration (observations on individual'
 

municipios) for males in age group k ,per q 
capita iresident males in age group k (annus
 
compIound rate):
 

[Mm(k) /-Nm(k) ]b 

Weighted income differences,among municipio
 
for use in,equation e plainng 1959
 
dollars:
 

76 f Nfk)[fk)r 


1-1 l :Nf(k) 



Table 2 (continued)
 

Sy.boL 


Y 6(k) 


Y17 (k) 


Y18 (k) 


" 
'Y9 (k)
 

20 

Y21 (k) 


Description and Formula
 

eighted income differences among municipios
 
for-use in equation explaining Y1 4(k), 1959
 
dollars:
 

T~m(k+ N i (k) I 

Weighted differences in unemployment rates
 
for use in equation explaining Y1 3 (k):
 

-7j[ R (z71f(k) 


Weighted 'differences in unemployment rates
 
for use in equation explaining Y14 (k):
 

Nm(k)it
diei
 

expi Nm(k) •
 

Weighted.differences in the index of demand
 
for female labor service for use in equation
 
explaining Y13 (k):
Ji. [k+f (k (Z3i-

Wighted differences in the index of demand 
for female'labor services for use in equation
 
explaining 
1 (k.
 

Vm(k + -Nm(kc)1
 

Nr[1 J(z3i
(k) c 
Relative population index for use in equation
 
explaining yI 3 (k): 

- :Nf (k) Nff(k 

i,,l.Tf (k)' 



Table 2 (continued)
 

c
Diption,andFormula
 

Y22 (k' 	 Relativie, population index for
 
equation explaining Y 4 (k):
 

Smbol 	 Ds
 

.FNm,(k) -i(k) c 

i-i N(k) 

Y23(k Dummyvariable for use in equation ex­
plaining: 1 3 (k) to account for;extra cos 
of moving to U.S.: 

Nm(k) - Nm76 (k) c 

Nm(k)
 

Dummy variable for use in equation ex­Y24(k 	 plaining Y14 (k) to account for extra cost 
and unspecified benefits of moving to U.S.: 

Nf(k) - i 7 6 (k) c 

Nf(k) 

2. 	Exogenous Variables
 
zI Percentage of children aged 7-1T3
,in school
 

(percent):
 

cW-13)/[Nf (7-13) + Nm(7-13) * 10 
11 z2 Percentage of childreI a'ged 14-17 in school 
2 (percent): 

c(14-17)/[Nf(14-17) + 	Nm(14-l7)] . 102. 

Index of demand.for female labor services:
 

.[21•.EJ)/ ":[ ;, , 	i j 
2175 	 21, 

Note that U.S.. is;.,not included as the 76th 

municipio insummations in the denominator: 
of the above expression. 



. Table 2 :(continued)
 

SMbol 	 Description and Formula-,
 

z41... 	 Adult .schooling (years): 
's 

z 	 'Crude death rate (per thousand) 

(dIN) .10
 

"zd '	 :UnpAid family workers as a percent o:
 
., 	 :civiiinarjlabor force (percent)"
 

(fw/LF), 102 

z7 	 Unemployment rate (percent):
 

(U/LF) * 102 

Percent of civilian labor force in agri­

cultiure--(percent): 

(LFA/LF) .102 

z 	 'Infant death rate (per thousand live 
births): 

(IM/b) • 10 

DUM 	 Dummy'Variable: 0 in 1950, 1 in 1960. 

Notes:
 
ak 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 +1 lin.1960., 
= 0-4, 5-9, 10-14, 15-19, 20-24, 25-34, 35-44, 45-54, 55-64, 65+. 

cBars 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.:
 
k= 0-4, ,5-9, 10-14, 15,19, 20-24, 25-34, 35-44', 45-54, 55-64, 65+.
 



'able 2 

LIST OF VARIABLES INCLUDED IN THE ESTIMATED EQUATIONS
 
(note: x(-t) denotes x
 

(1). Birth rate equation
 

z , z (,5) , z
• Y352(-2). z5(-3),. 


and also omitting Zs and includingz 9s.
 
"Continuous data, -1950-1960.
 

(2). Female labor force participation equation
 

'
 y2 Y3 4 Y51 Y8 Y9 ; z2, z3, z7 DUM
 

also 	omitting Y4 and y,
 

(3) 	Income-;equation
 

Y3:Y2, i4Y835Y10; z4, z7 ' z8 9 DI
 

also omitting y2
 

(4). 	 Legal marriages equation
 

Y4:Y3, Y7' yll; z2, z3,'z7 ' DUN
 

(5)' Consensual marriages equation 
,531' '12' Z3' Z7D 

y5:y- , y -y,2 z2 z-- z7 DUJ 

(6).,Migration equations (note: There are 20 equations, one for each
 
of'the age-sex categories considered).
 
y"(). 

, 
(k;( 

7315 
'y (k) 
17 

yl~) 2()Y23 
..232 

'. 

( k)' 16 ( k y 8-( k 
"M 

20y k 22y 
(k) 

( ) 24 

For estimation purposes inqthis model we. treat -y "Y ' Yl7' 

Yi8' Y1 9' 2 0' Y21 Y22'i Y23': and Y24 as if they were exogenous 



for bur choice . of variables -to be included in or excluded :from the',
 

eouations of the model..'
 

JBIRTH RATS,.-kUAVI'UN 

An extensive discussion of some of the factors.underlying the
 

form of the birth rate equation used in this modei may':,b found in
 

[Schul1tzEssentially our equation is designed to reflect a
969a]. 


family's 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;
 

a'd certain sociological factors connected with the form and age of
 

marriage 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
 

interregionally and over time.
 

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 ultimate-.family size, and
 

then how other variables affect ther!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, in
'reSult 


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, :larger incomes will:be associated with
 
smaller desired family sizes. Conversely, the more slowly costs of
 

rearing children rise as income rises, the more likely that larger
 
desired family sizes will,be associated with high. incomes. 
To the 

,extent children represent provision for security in old age, or can
 

be :used in the productive process at: any early age, high incomes may
 

tend to be associated with smaller desired family sizes. 'the effect
 

ofincome upon birth rates cannot, therefore, ,be predicted a priori,
1
 

•It is possible, .in some_ agricultural communities in which children
..

play an importantrole,asia productive'input, that ficreasing income wll
 

http:possible,.in
http:anticipated.in


-.25-

The extent and duration.of,schooling.-for children represent a
 

readily distinguishable component of. the cost,,.of. child rearing. We
 

expect it to be inversely associated with desired family size. In­

general, children's schooling reduces their.role in family production
 

activities including their time to tend. to younger'sibling­

may also impose additional actual support costs on parents,
 

,.,The more highly educated. the parents, the hlgher 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 offspr.ing .and consequently .anticipate
 

higher child rearing and schooling:costs; hence,,high adult education
 

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 reliabl(
 

methods of birth control.
 

'Participation of women in the labor force 'reflects,the'decisiot
 

of women and 'their families to allocate-more of their time to labor 

orce activity and less to homemaking and child rearing activities. 

6icenives favorsWhire the balance" of : greater female labor force! 

participation, we'anticipate'also that smaller family sizes will be
 

desired.
 
To the extent 'that consenSual unions are considered by those wi
 

participate 'in thiem tobe more unstable than legal marriage', the' ,,
 
typical faily size, realized and desiredishould tend to be smalle
 

th -more widely prevaient-are: free •unibns' (Stydos [1955]). onvers4
 

high s marrageshould be~assciated with larger famil.
 

Ssi e. Because the form of marriage' may'- "in-such, countries as Puerto
 
j
Rio, be hghli hoever'great caremust be usedin the
 

Interpretation of the relation between ,the form-of marria and the
 
inte re:a. on ewobmypca an lveod to 

crude birth rate. The typical :pattern may bef a woma to live for
 

lead to, increased savings in the form of investment in durablefactors 
lof''production, of.4which: childrenare one .form 



some'nyears ,;possibly her-most fertile ones,,in consensual union before
 

legalizing the marriage (Hatt [19521),.1
 

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
 

Areas with a high proportion of both very young and older"
 area. 


women will tend to exhibit low birthrates 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
 

yethave begun their families and the older women will:have completed
 

theirs. Unfortunately, age-spe:cific birth rates ,are not availabie by
 

the ,geographical areas used ,in.,our analysis; we have, therefore,
 

created an index of the female age composition for each municipio and
 

.
year, using as weights Commb0nwealth-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 ofeach
 

age'group in each munlcipio 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 ofdesired 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.1950s. Crude death ratesmay there­

fore be abetter measure of survivval probabilities both over time and
 

both,icrude and.infant death rates are considered
,cross-sectionally;, 


in our final analysis... High death rates mean,that high birth rates
 

.Earlier attempts to incorporate infant mortality rates as ex­

'planatory variables led :"to, :insignificant. . . . . results,, . :
• '..-".. .- .. ., . .- '. . , . . - i 


For a discussion of biological.evidence .for various'lag.structures
 

between child death rates and :birth rates see;: Schuitz [1969a and 1969b]..6
 

A two to five year lag is considered .in our model.
 



are ,required to .achieve•any,given,desired.family size since fewer .
 
children mayi be expected to survive. Furthermore, in the 1ongrun
 

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 in a marriage is reduced by the lowe
 

fecundity of the woman as well as by the greater probability that ti
 

wife or husband will have died.
 

FEMALE LABOR FORCE PARTICIPATION EQUATION
 

Fertility and female-abor force participation are interrelated
 

decisions for married women and thus jointly determined, in 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 on :the proportion of each in relation to the total
 

number -of women of workingage. Our equation-relates the female labor
 

force~participation rate (women in 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, oneof 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 ofchildren under
 

five per woman of childbearing age has also been included.
 

Although .income is endogenous and clearly,determined,,in part by.
 

whether.,ornot0women 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 iimultaneously determined with participationirates.
 

The,number of-small children present is,the result of past decisions
 

on,family size, which in,-turn are related toa woman's.participation
 

in the labor force, over certain portions of her life, and for certain
 

periods of time. Thus, cross-sectional differences in this aspect of
 

the age composition and in labor force participation rates should be
 

related:. the.more small children around, the,lower the female labor
 

force participation rates. Since in-general high birth rates tend 'to 
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be associated with proportionately large numbers of small -children lien 

the population, this in turn indirectly -relates female laborfo " 

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
 

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
 

breadwinner becomes unemployed for any extended period of time, other
 

members of the efamily 'maybe driven to seek supplementary employment.
 

Cross-sectionally,:differences in unemployment rates will be positively
 

Dr negatively associated with variations in female labor force partici­
pationrates .depending on whether the "discouraged-worker effect"'or
 

the need:'for*supplementary income predominates. Since cross-sectional
 

lifferences probably reflect persistent differences more than they do 

transient ones, -and since the entry of women into the labor force to
 

provide supplementary income is by nature a rather temporary affair,
 
we.'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].)
 

Because continuing in school is an alternative to early marriage,
 
legal.-or consensual, we-have also included a variable reflecting the
 

proportion of children.14-17 still in~school.. Were the supply of
 

schooling perfectly elastic'itwould'be necessary to'treat the variable
 

asendogenous, since the choice:between.-school and.early marriage
 

would have'to be made'simultaneously. In Puerto,Rico however, it
 
appears that" the'extentOf adolescent"schooling is limited largely
 

by'it's availability andnot the demand::for it; hence, we have treated
 

th proportion of children' 14-17 in school as r:ogenous and expect it 
't0 havea neea t ffIect -onfemalei labor!force participAtion. 

We-plan to test our implicitl assumption that the supply'of,

schooling,is inelastic..and the demand is elastic, but.we,have.not,.yet

found .the data t 
confirm or reject: this hypothesis that school.enroll­

,
ments are truly exogenous..
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Oni'an,age -specific: basis, marriageiniany form-4nPuertoRico
 

maydepress 'female.labor force participation, asshould recentrchild
 

bearing;-and,'despite the possible association of legal'.marriagewith
 

a high proportion of women past,:thi main-,childbearing years, we would
 

still:'expect a negativeeffect for Puerto Rico..,
 

INCOME EQUATION
 

Income in this.study is measured as personal income in cash or
 

2
in kind in 1959 doliars per person of labor 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 measured income,
 

whereas increased female labor force participation should increase it.
 

Furthermore, the more men there are relative to women, even:holding
 

female labor force participation and marriage rates constant, thei..
 

higher income should be since men, on the average, tend to hold better
 

paying jobs.
 

1
 
-The 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 35-60
 
(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
 
size 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
 
class is estimated to conform to a Pareto distribution fitted to the
 

,'high income tail of the income distribution. For the procedure to esti­
'mate average income of open-ended income class, seeMiller [1953
 
24-27]. Survey data are from Income and Expenditures of Familiei
 
Puerto Rico, 1953, [1967 Vol. I, Tables 21 and 57].
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,,he,association f-incomei levels with,,,educational, attainment is
 

.wel documented':(Hanoch [1965]).."Xarsof: adult schooling,-.which we
 

4treat- as exogenous'in this model, should therefore-be positively,­

..
associated with income.-' zWidespread 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 a negative cross-sectional association between income and
 

the percent of the civilian labor force employed in agriculture.
 

TWO EQUATIONS FOR MARRIAGE
 

S'Equations (4) and-(5) of,our model attempt to explain thelper­

c-nta&e of women of marriageable age who are either consensually 0r.
 

legally married.., These two..equations have exactly the-same form:
 

Higher incomes.should depress consensual unions relative to legali
 

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 marriage, consensual,or legal, is most likely to occur, 15-34. 
'3The exogenous variables in the marriage equations are the per­

centage of children, 14-17, in school., an index of demand for female
 

labor .services and the unemployment rate. All of these variables"'ight 

be expected .to be, negatively related to legal marriages with the.pos­
sibld exception 'of death 'rates. 'Schooling is an obstacle to legalmar­

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

demand for female services may weight the choice between marriage"and
 

labor,force,..participation more heavily in favor of the latter. Again,

however, :the effect should be more pronounced for legal marriage and
 

is less clear for consensual,union. Unemployment should have roughly
 

the opposite influenceto:income diffeences alth6uh differences in
 



refI6 t a ii anduniemploymentf rates presumably -mo r e t e mpo r a r y 'Phenomenon 

fewer differences 'in• taste than do corresponding cross-sectional, dif­

'feiencdes in'income*, 

MIGRATION'"EQUATIONS
 

Central to the dynamic workings of our model are the differentia
 

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 equations.
 

The estimation model for the 20 migration equations is derived 

mathematidally in Appendix A as is the method of estimating inter­

regional migration rates by age and sex cohort for the period 1950 

to 1960. The model assumes that persons of a given age and sex are 

symmetrically attracted (or repelled) by the same weighted sum of 

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 the migration equation.
 

The economic incentive provided to the potential migrant by the labor
 

market is imperfectly reflected in.our estimation equation by the per.
 

capita level of personal income. Wage rates, distinguished if-possibi­

by sex, would clearly be more'appropriate for our purposes._ The costs
 

of migration, on the other hand, are elusive and, at a minimum, the
 

.distances between labor markets should in the future be treated as or
 

easily quantified component in the costs of migration. Only the dis­

tance to New York or mainland United States is explicitly considered
 

in our.model. The relative advantages of one location as opposed to 
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:another are 'measured,,crudel in our estimationiequation by income dif-


J	ference3 , differences, in the unemployment rates, and :differences, in the 

level of the demand for female labor services as measured, by Ithe index 

described above,, -On the whole, it should be clear that we are least 

satisfied with our current treatment of migration among .it.he many, and 

varied elements of our model.
 



Iii. .,,DATA AND. TECHN IQUES 

Observations on various demographic and economi'c haracteristics o:
 

the population in administrative units of PuertoRico known as municipii
 

are available from the 1950 and 1960 U.S. censusesg.1 These data have
 

been supplemented by'additional values for-the mainland United States
 

from the Special Report on Puerto iRicans in the U.S. and by vital statii
 

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 1941
 

1960. Figure 1 shows the location and Table 4 the name of each municip
 

used in our analysis.
 

BASIC DATA SOURCES
 

The results reported below for Equations-(2)-(5) use atpoolied sample
 
of observations for 75 municipios in Puerto Rico for the two census years,
 

1950 and 1960. A dummy variable, 1 in 1960 aind 0 in 1950, has been in­
•cluded in these analyses to allow for a change in intercept. .Slopes for
 

..
the two census years are assumed to be equal;. however, all of the esti­

'mateshave been separately computed for the twoyears, and, where wide
 

divergence occurs, note is taken. 
 The migration equations, of course,
 
involve data from both censuses, but since both are.needed to compute
 

an estimate of the migration, there is only one observation per municipio.
 

All regressions, except the migration equations, are weighted to-reflect
 

the size of the relevant population: women over14 for the female labor
 

force participation and marriage equations, population 15-64 for th­

income equation, and total population for the birth rate equation.
 

IU.S. Bureau of the Census, U.S. Census of Population,. 1950, Vol. 
II, "Characteristics of the Population," Parts 51-54, "Territories and 
Possessions," and U.S. Census of Population, 1960, Vol. I, "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 yield 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'fin 
the U.S.,,.Final Report PC (2)- ID. 

3The results of, the regressions for the 1950 and.1960 separate

samples 7are reported in Appendix B.
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table -4 
LIST OF PUERTO RICAN MUICIPALIT a 

AdJuntas 

2.Aguada 

3.<Aguadilla 

4. 	Aguas Buenas 

5. 	Aibonito : 

6. 	Aasco 


.Arecibo' 

8. 	Arroyo 

9. 	Barceloneta 


10. Barranquitas 

11. Bayam6n 

12. 	 Cabo Rojo 

13. 	 Caguas 

14. 	 Cronamuy 

15. 	 Car41na 


1.Catano 

17. 	 Cayey

18. Ceiba' 

'10. Ciales 

20. 	 Cidra 

21. 	 6Cao 

22. 	 Comeri0 

23. 	 Corozal 

24. 	Dorado 

25. -Fajardo 

26. 	,Gufnica 

27. Guayama

28,-'Guayanill 

29. 	 Guaynabo 

30. 	 Gurabo 

31. 'Hatillo 

32. 	 Hormigueruo 

33. 	 Humacao 

34. 	 Isabela 

35. 	 Jayuya

36. 	 Juana Diaz 

37. 	 Junc -75. 

38. 	 LaJa
 

Note:
 

ICPLTIES.
 

39. 	 Lares
 
40. 	 La ar as' 
41. 	 Las PiedraE
 
42. Loiza
 
'430,'Luquillo

44. 

45. 

46. 

47. 


48. 

49. 

.50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 


...73. 

74. 


Manati

Marcao
 
Maunabo
 
Mayaguez
 

Moca
 
Morovis
 
Naguabo
 
Naranjito
 
Orocovis
 
Patillas
 
Pe?(uelas
 
Ponce
 
Quebradilla
 
Rinc6n
 
Rio Grande
 
Sabana Gran
 
Salinas
 
San German
 
San Juan
 
San Lorenzo
 
San Sebasti,
 
Santa Isabe:
 
Toa 	Alta
 
.Toa Baja
 
Trujillo All
 
Utuado
 
VegaAlta
 
Vega Baj4
 
Vieques
 
Villalba
 
Yabucoa
 
Yauco
 

aCulebra is omitted owing to its small size and atypical age
 
structure; ,itis a small island with a total population of '573 in
1960., -Rio Piedras'is combined with San Juan in 1950 and 1960 for corn
 
parabilitywith San Juan distinguished in the 1960 Census.
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The equation explaining the birth rate presents a serious problem
 

lata on birth and death rates are available continuously throughout
 

:he period between Ithe censuses. Since the 'dynamic connection between
 

:he. twp.variables is one of-the most'Ainteresting and important aspects
 

if our analysiswe cannot lightly discard the intervening-nine years 

if data 'inorder to Utilize the lavailable data on other variables. 

r'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 our results 

iean? A partial answer to these questions is provided in'some recent 

mpublished 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 Variables are, as
 

isual,' assumed to be uncorrelated with the disturbances), the efficiency
 

)f the estimates may be affected by how the missing observations are
 

:reat6ed. In general, when it is known that the independent variables
 

ire very .highly serially correlated, use of this serial correlation
 

to interpolate missing values or even linear interpolation may result 

Insubstantial 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 well,'.interpolation may decrease.
-fits 


the efficiency-.of estimation in comparison with discarding 'incomplete
 

Dbservation vectors.':Population and other demographic variables are
 

very slowly changing' hence highly serially correlated, so that Grether's
 
-
results suggest a gain 'in efficiency"ffrom interpolating,observations
 

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

the index of demand for female labor services. The case for inter­

?olating the income variable is quite weak, whereas the case for
 

ure 

Polate this variable;,we sahall explorte-this os lt~n futr 
t-1mayrbe possible to.se Coeonalth-wi ig ointer
 



-37­

interpolation of th 'education'and: marrLage -rate.ariables is .stronger
 
... t . .. . . . . . . .. -.. On nmet:,'bal n e 

but perhaps :less clear-cut than, for, the,two indexes. Oance 

we feel we have a case. for interpolation, although '-not a strong Ione. 

The results presented here for',Equation.(1).do make use of interpolated 

values of the variables for the two census years; we. intend to investigate 

further the question of whether interpolation has been helpful or not.
 

The method of interpolation was as .follows: .- Let- be the series 

' to be interpolated, where't,- 0 represents1 1950:; and t,, =10 represents
 

1960. Known values are x0 and Xl0. The annual compound rate of growth 
"ofxt between 1950 and 1960 is' given by r in 

log(l + r) 1..10 log­

where.logarithms are to base e. Interpolated values for the years,
 

between 1950 and 1960 are.obtained,by the formula:
 

x U +=(r) txdl (3.2) 

The series y ,y y z, z z, and z have bee'n: inter­
y2, 74'* Y5'1' 2, z4,, 6! 8, 

polated directly using (3.2). The two indexes Y6 and z3, however, 

interpolated by first using (3.2) to interpolate the component popula-,
 

tion or employment figures and then applying the fixed weights shown.
 

in Table 1 to these figures for each year.
 

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

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

equations are nonetheless :widely ;familiar cross-sectional ::relationships
 

We'have -not :used simultaneous-equations.techniques in the .estimation of
 

the migration equations here but will attempt to do so in the future.
 

Equation 1(1) 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

dimension to the problem of estimatioi
 

ESTIMATION OF DYNAMIC RELATIONS INA :CROSS-SECTION OF TIME SERIES 

Problems and methods of estimation using data on P number of 

individual unit's (firms. households, geographical areas, and.so on) 

http:Equation.(1).do
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overtime are,discussed atlength in. Nerlove,,[1971a]. We only sum-; 

marize ,the. es sent ial 7nature of :the problemandits' proposed. solution 

here. 

Suppose,we observe.-a large number of individuals i:N, over a relL
 

tii.ely sho'rt'period of time, T. Let k-be -avector"'of k'independent 

exogenous variables; "let,'y:t.be" an endogenous the currenttvariable 

value. For simplicity,,-suppose that the relationship t0ojbe estimated 

contains,only one lagged''value, of the endogenous variable,.y 

" ayay + x 0 +ty,+ u , (3.3) 

where a is a scalar coefficient, 8 is a lxk vector of slopes and y
 

is a constant term. The disturbance U is intended to represent the
It 
aet effect of numerous individually unimportant factors that have been 

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

the form of the relation. Since 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 foilowing model has been'proposed for their stochastic structure: 

2 + 2 2 - ' t ' 
2-0 O"'.Op 

Eu u i = i', t 7 t' (3.4) 

j {otherwise., 

Eu 0,al i and t. 

f'Ithe observations are arranged in groups corresponding to'the individ­

is, ordered'b the first,ualsthatsubscript, then by',.the .f, second for 

exampl­

. (u..UlT...uNl-..NT 

we'+can'+write the variance-covariance matrix ot thedlisturbances a
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A' 0 "0' 

o0- A 0 

Euu''.a2 (3 5) 

o .. o A 
0 A 

wtiere
 
1 pi .•• pm
 

p 1-: ... • p 

A
 

p p ... .1 

2
 
The parameter p a a is often called the intraclass correlation
 

coefficient in random-effects models in the analysis of variance. Our
 

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

is an example of a random-effects model.
 

Tahe matrix Euu' has two distinct characteristic roots:
 

-[1-p) + Tp] 

It may "be shown (Nerlove [1971b]) that generalized *least-squares for 
1Ia modei with! variance-covariance matrix: given by- (3.5)' amounts, to 

uiihgi transformed "values "of the 'variables appearing 'n the equation 

to bdestimated, (3.3), rather than the original robservations. If' 
th;
we write Yi. as the mean of the i individual iof yi, y (-l) as the 

mean of Y and x "as-the'vector;-of means 'f the exogenousevariables 

the appropriately tran~formendequation is 

http:Euu''.a2


r )­

i. 1.- i. + +,, + 

where
 

~Z 
are disturbances having cdommon variances a. ana zero covar.ances tor
 

all i and t. It is well known that estimates based'on (3.7) for 

known values of i and rnhave optimal large-sample properties. It
 

was shown in Nerlove [1971a] these estimates also have excellent
 
small-sample properties; 
in effect knowing and n converts a dample 

on N individuals overT time periods into a large sample 'ifN is '
 

laeeven if T is small..
 

The problem is, of course, that and Tj are not known a priori, 

but must either be stimated or asslgned some arbitrary'value. Set­

ting p = 0 implies = p = 1, so that (3.,7) reduces to (3.3); hence, 

the 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 c that, areseriously,.biased upward and .estimat 

of abiased downward. Thestandard errors ;obtained.are consequen 

far too small, Thebias in the coefficients 8 -wlldepend upon ho, 

'the variables x are.correlated withy .in the case considere 

in!.Nerlove, [1971a], ,there was only one such,:exogenous variable and 

it was positively correlated with.,y. so that, the -bias in its,
 

coefficient was, toward zero
 

Since C ' (1 p) + Tp, one',can see that the second term in. 
each of the square brackets in (3.7) vanishes asymptotically as 

The resulting equations express the observations 'in terms o 

deviations from individual:means. -Estimating a and 8 from such 
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auevlarlons is equivalent 
. to estimatingregres~is'shaving"s'parat ­

constant te'rms for each individual. 
As,cabe see'nfrm (.-7), such
 
regressions neglect the "between-individual"' ariatii' amo'ng the indi­
vidual means as 
compared with generalized least squares. 
 In-the Monte
 
Carlo experiments reported in Nerlove .[1
9 71a], it was shown that such'
 
neglect results in 
a downward bias in the estimated a and an upward 
,
 
bias in a derived estimate of p based upon the estimated residual
 

variance plusthe "variance" of the constant terms. 
 In the case con­
sidered, a single xf 
was positively correlated with yl 
so that an
 
upward bias in the estimated 6 was observed.
 

Several other methods of estimation, including 
an instrumental­
variable method and a gradient maximum-likelihood procedure were
 
examined in Nerlove 
[1971a]. 
 The method we use here appeared to show
 
,the least bias, least mean square error, and greatest overall robust­
ness against specification problems. 
 This is a two-round procedure
 
based-upon a first-stage estimate of p, and thus the weights 
C 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 weight deviations
 

themselves.1

from individual means and the individual means The
 

1Let y be-the individual means 
of the dependent variable, and
 
, .th
let xi,(k) be the individual means 
of the k h independent variable,
 

We suppress our earlier separate notation,for the lagged value of the
 
dependent variable. Let . and x 
(k) be the grand means of and
 .... 
 :' 
 ....
xi (k), respectively, and-let bk be the estimates of the slopes 

it 
in 
,
a
 

least-squares .regression of (yi.-
 on the variables, (xi (k) 
-
xi (k)). 
Ifs 2 ,is the sum of squared-residuals 
from this regression,
 

our estimate of'o is:
 

02
 
(i) -- •
 

where , •
 
( : 2m:' 
1,N :'' .[. (Yi. = yY' : -' lb
-
 (k (k) r x =(k)")

.i'.
:~~~~ •iN .~.{" ~ ..' 



method may be used with,instrumental.variables as well as in-ordinary
 

regression,problems.,. Results for Equation (1)of the model are
 

reported for both:.types ofl, estimates.,.in.the next section.,,
 

http:estimates.,.in
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IV., EMPIRICAL" RESULTS
 

INTRODUCTION
 

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
 

so in'others. These empirical results are reported not'as ,final
 

product of our research but as a tentative,demonstration that the
 

interactions among several types of family behavior are significant,
 

both in accounting for variation in demographic and economic behavior
 

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
 

environment and his reproductive behavior requires that we broaden
 

our analytical framework to encompass a spectrum of family decision
 

making activities.
 

Both ordinary least squares and instrumental variables have been
 

used to estimate the.,coefficients of the equations. All excluded'pre­

determined variables in the system have been used as instruments in
 

obtaining the results labeled IV in the subsequent tableE
 

BIRTH RATES
 

-The results of fittingEquation(1) explaining birth rates in
 

several different ways are reported'inTable'5: Ordinary least-squari
 

(OLS) and instrumental variable (.IV). estimates are computed.using, (1)
 

the levels of the original variables, (2) the deviations of these
 

'variables from municipio means, and (3) the tra.nsformed variables'
 

which are, as described above, a weighted co6mbination of such devia­

tions and the municipio means ,themselves.1 The observations on which
 

"
,-Regressionresults where the crude death-rates are'replaced by' 
the infant death rates ,are,shown ',in Appendix. Table D-1. Although" infai
Sdeath ates are probably a better proxy for ' the .child, death .rate implii 

by our model of reproductive behavior, probableerrors in the measure­



Table 5
 

EQUATION 1: Y CRUDE BIRTH RATE, 1950 - 1960
 
Ct-ratios ard reported In parentheses following each coefficient)
 

,viations from Municipio 
-Variable Levels,,, Means Fransforned Variables 

Type of.Estimate OLS-- IV. OLS IV. OLS , : -­: , IV­
(1) (2) (3) (4) " ) 

R .319 .565 49 

F 18.72 

Endogenous ariables. 

Y2: Female liabor.,force 
parti6ipation.Irat .0863 (2.56) .239,:(.96)' .0407 (1'.38) -.502 (2.59) .0491 (1.70) -.303 (2.iu) 

y3: Income ($100), .294(1.85) 3.22 (l.53) -.478 (2.57) 1.59 (1.47) -.338 (2.00) -.494 (.30) 

y4: Legal marriages 397 (4.50) -3.28 (2.94) .854 (6.69) 2.86 (3.27) .701 (6.50) 3.70 (3.32) 
y5: Consensual marriag 386 (4.53) .767 (.91) .789 (7.67) 2.74 (5.42) .710 (7.20) 2.58 (5.21) 

Y6: Index of female. .. 
age composition- .0193 (.33) -2.05 (2.59) .142 (2.53)' -.433 (1.87) .170 (3.16) .384 (.94) 

Exogenous variables 

z2 Adolescent schooli D521 (156) -1.17 (3.35) -.00151 (.34) -.284 (2.72) .0491 (1.70) .0447 (.38) 

z4: Adult education .742 (2.82) -.216 (.15) -.816 (30.18) -2.93 (4.04) -.737 (2.88) -1.25 (1.27' 

z (-3): Crude deat.. . 
.lagged three years .533(4.'30) .0207 (.05) .251 (4.01) .178 (1.76) .275 (4.3L .213 (2.05) 

5 (-4)i: Crude deaih -rateagielour :Yers 
ly workers 

1027 '(......
l7(1.78) -.286 (.68) 
.633(6.44) 1.97(4.34) 

.151 (2.53) 
-.427(4.97) 

i 
.121. (.20) 
-.691 (4.86) 

.173 (2.89) 
-.- 37 (4.35) 

.159 (1.51) 
-.658 (4.69 ' 

Constan "2.57 (.41) 294.- (3.56) a a a a -3.46 (1.66) -51 2.(2.68 

ff.879 0= .925 



IV 

Table 5 (continued)
 

Deviations trom munmc-p3.o 
Means 	 Transformed VariableVariable Levels 


IV, 	 _OLSIV 	 OLS
Type of Estimate 	 OLS 

T 8 (9) ( )(11) 	 (12) 

319 	 .562 .544
R 


27.29
A5.68.30

F 

Endogenous v riables 

y -' Female lab-or force! -.0883 (2.66), .187 (1.25)' .0502*(!-71) -.529 (2.92), 	 .0647 -(2.26) -.303 (2.48) 

-.253 (1.51) .714 (.95) 

2: -	 rate Iparticipation 

-Icoe $10 -.310 (2.06) --1.18 (1.60)" m-.445 (2.39) .488 (.57) 

.
Y4:. 	 ... 3.10 (3.81) -664 (6.16) 3.02 (4.56)


y: 	 .399 (4.54) -2.06 (3.39) .855 (6.68)
Legalmarriages 

.842 2.27 (5.51) .(834)
.751 (7.64) 2.66 (5.76)
 

y5 : Consensual marriages--.390 (4.60) >.-870 (172) 


y6: Indexof female
 
age composition
 

-'I
 

Exogenous variables
 

.0208 (.48) -.244 (2.541 -00358 (.091 .(...8-1,
05822(.85,
 
.0536 (1.62) -.361 (3.85) 88 (3 43 -2 2 
z2: Adolescent schooling . :.73..::(2.80 . o..i0 :(1i.24) 


)1.03 .880 (3.43) -2.28 3.81' -.790 (3.08) L.95 (3.22)

Adult education .733 (2.80) 


z5(-3): Crude death rate­
lagged three-years -, .528.(4.30) -.0970- (39) 252 (4.01) '.226 (2.45) 	 .287 (4.50) L82 (1.99)
 

"(-4): Crude death rate
lagged fouf years 202 (1.75) -. 390 (1.55) 143 -(2.39) .184 (2.05) 	 -.173 (2.86) 120 (1.36) 

-.365 (4.54 .644 (4.98)443 (5.17) -.647 (4.92.

Unpaid family workers -.631 (6.44) 1.14 (5.91) -.


a a 

.z 


a a -1.114- (.58) 37-.4 (3.81)
 
:onstant- 2.01 (34) 159.T' (4.14) 


=.880 
 -=.938
 

.qotes:
 
a 
Intercept suppre____
 

7variable'excluded. 

http:05822(.85
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al ri:egressions are based are weighted by -theisquareroot of 'municipioi
 

populations in the televant.year. Results are reported in the first
 

half'of Table 5 for analyses inwhich y6 , the index of femaleage 

composition, is included; the second half'of the'table, columns (7)­
(12), shows the result of excludingy 6. 

:Perhaps the leasti satisfactory finding presented in Table 5 
pertains tothe coefficient-eof Y6,'the index of female age compositi 

This indexlisiessentially the crude birth rate we would expect in ea
 

municipio on the lbasis of the 1954 age-specific birth rates for the
 

:Commonwealth as-'a whole and the age distribution of the female popu-i
 

lation in that municipio. Consequently, we migl'z anticipate that the
 

coefficient of this variable would be positive and close to one; it is
 

however, negative in the OLS regressions, and in:the IV regression-­

based on variable levels significantly.so.. What accounts for this
 

anomalous result? Further reflection'suggests that although no dyna­

mic effects ,(other than those introduced.by lagged death rates) have
 

been'iincluded ,expiicitly in Equation (1), they are nonetheless present
 

and likely to:induce a strong downward bias in the coefficient of y
 

When the birth rate is high in a given municiplo relative to the
 

average, it is probable that it has been high'for some time and that
 
not all the reasons for this persistent difference will have been
 

accounted for by the explanatory variables appearing in the equation.
 

If the birth rate has been high relative to other municipios, then
 

under certain relatively mild assumptions (see Keyfitz [1968, p. 1861)
 

there will be proportionately more children in the population. Since
 

little girls have an extremely,low weight in dur index, and since the
 

population in: high birth rate .municipios will have proportionately
 

fewer women in the fertile'ages, it follows that the value of our inde
 

will tend to be low for such municipios. Conversely, when the birth
 

rate,is relatively low 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', as noted above, may detract from 
thp, anlvt'ni1'-iAAfuinl se f thn measure of child. death rates. ' 

http:significantly.so


for by ;time-persistent municipio~effects that are not allowed for in
 
the regressions on the levels ofs
 

.
-When regression re based uponweighted deviations from municipi

' 
means, the OLS estimates of'"the coefficient for y6 becomes oiSitive'
 

:and significant, but the IV estimate remains negative.IThe esti-'
 
mated proportion of risidual variance accounted for by time-variant:
 
municipio effects, 0, is very large, 88 to 92 percent;- consequently,
 

there is little difference between the estimates based on thedeviatio
 
and the transformed variables. With the transformed variables the 'OLS
 
and IV coefficients for Y6 are both positive, but still substantially
 
less than one. Since it did not appear to be possible in this analysii
 
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 IV
 
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 consensual mar­
riages, confirming that with appropriate allowances for interactions
 

among household decisions, the secular shift from consensual to legal
 
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 municivio
 
means.. A reverse pattern holds for the variable levels.
 

In all regressions the coefficient for: income was negative in the
 

LS regressions and positive or insignificant in the IV regressions.
 
Inaperiod of prosperity and Commonwealth growth, our particular
 

n This effect is particularly marked in the unweighted regressions.

nthis case, the coefficient of y6 is also negative for the IV regres­
i'ons.' Furthermore, the adjustment described in what follows raises­
the alue of 'thecoefficient close to one in all instances, not merely

Eor :the i IV regressions as reported below.
 



measurei'of real,,personai 1incomedi cash and kind' per- personT ofU labor 

*force age increased on the average 45 percent from; $474, in' 1949: to­

•$687 	in,1959.1 Based on. the final,transformed data,, the IV income 

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 necessarLly 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.rearinj
 

"children by-'means of. the variable z2, our analysis-does-not confirm
 

a 'very strong effect; although negative signs.prevail,;generally, only
 

in 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
 

of.school facilities
,demandfor schooling and the community .supply 


.wouldpermit 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
 

education isconsistently negative,and,:gener,
"the coefficient for adult ­

ally significant. The"magnitude ,of the IV estimates of the,education 

,birth rates is often,twice,that of the OLS estimates.-effect,1on'


In all regressions the crude death 'rtes lagged three-and four
 

years are positive ssocia with currenit birth rats. The coef­

ficients and t ratios for the crude death rates lagged three and'four
 

years are more substantial than' those estimatedt for death rates laggec
 

From '1945-to ,1965 per capita ,national real:.income increased on.
 
the average about 4 percent per year.
 

2Th reXressions results.where the,crude death rates were replaci
 
I,the -infant death rates weireess satilsfactory, as seen in Table
 

4D-1.' In the 'case 'of deviatIions -from municipio means and transformed 
dsta, satisfactory 'OLS es'timatesi(positive.and significant) were 

obtained;' but the IV estimates were .smalland generally not statis­
tically significant. ,'
 



two or five years. The three and four year lagged. death rates are, 

;therefore, adopted in the 'specification'of Equation (1) estimated he 

Depending on the method of estimation, the'four-year effect of a 

once-and-for-all unit change in the crude death rate is a .4 to .7 

-change in the crude birth rate. The IV estimates of the coefficient 

for the-crude death rates are consistently smaller and less signi­

-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
 

,workers in the labor force is negatively related to the birth'rate
 

and significantly so, except in the regressions on variable levels
 

We conclude'from this evidence that our proxy for the productive
 

employment of children within the family has reached such a low leve
 

in Puerto Rico :by 1960 (1.25 percent) that it no longer reflects
 

accurately the differences'in child rearing and working patterns
 

that 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
 

in a later 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 besatis­

factory and to support our prior hypotheses. Possible exceptions a
 
the magnitude and erratic.behavior of the index of female'age com­

position, andthe sign of the unpaid family worker variable. The di
 

ficulties we had with these two variables may be related.
 

FEMALE LABOR FORCEPARTICIPATION RATE
 

The results of estimating Equation (2), ;explaining-female,laboi 

force participation rates, are reported in Table 6. The obsservatior
 

on which these regressions are".based are weighted by the square root
 

of ,the' number of women 14 years of age a' those whc 

could be counted in the labor force,in,that municipio. Columns (1)
 

and (2)report",OLS, and IV results including marriage rates;:columns
 



Table 6
 

EQUATION2:, Y, .FEMALE LABOR FORCE-PARTICIPATION RATE, 1950 AND 1960 DATA COMBINED
 

rt .ratios' -in parentheses)
 

of Estimate OLS IV OLS IV 

2 
(1) (2) (3) (4) 

. 628 .626 

F 4.06 5.78 

Endogenous variables 
y3:Inome(100$) .353 (.92) -.618 (.26) .353 (.93) ..967 (-91 
Y4: Legal marriages .041-3 (.15) 2.88 (1.43) - -

Y5 : Consensual unionsY5 -.0439 (.17) 1.25 (.85) -
-

Y8: Children-under 5 
per woman 15-49wo a.e -11.6-

e (2.21).- . -77.0: 
-

(1.76)
-1 

-12.0-1 . (2.51)
2.l) 

-30.1-30A (1.67) 
'.67)­

9 : Indexof age­
composition' 2.42 ,(1.;29) -9.83 (.74), -2.05 "(1.32) 4.90 (1.01) 

xogenous variables-

Adolescent schooling -.269 -(3.20) .255 (.64) -.288 (3.64) -.145 (1.14) 
Z3: .Index of demand for 

female labor-, services .223 (5.45) .163 (1.45) .222 (5.69) .183 (2.81) 
z7: Unem1oyment:-.­ 1.48 (5.56) -. 39 (.78). -1.52 (5.82) -1.58 (4.13) 

'MY (1960 1) -2.1-7 (.83) -17.3 (.95) 1.29- (58) 6.14 (1,.01) 

Constant 74.8 : (2.30) 116. (.59) 69.8 (2.22) -54.6 (.57) 

Note: 
- Variable not included in re -ssion. 



(,3).and M(4)report results excluding marriage rates,. Only in r~the OLS 

regressions. do-,consensual marriages have: the Yexpected negative. sign, 

but:.the stronger converse results of the-IV analysis-cast doubt on 

,the hypothesis that the prevalence of marriage;independently depressei
 

.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)]. Income 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.
 

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 unemployent 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 in the IV
 

regression that includes marriage rates.
 

The.effect,of personal income on women'sparticipation rate:-esti
 

mated in'Equation (2) is a combination of the eff.ets of ...in .the..
ome
 

received .bymen and women. If it is assumed that men's earnings are'
 

not affected by women's labor force commitments, men's earnings would
 

exert a pure "income effect" on women's participation rate. Women's
 
1earnings,- on theother 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 

'The regression results in Tables B-I and B-2 show that the nega
,tivef.(gross) income effect' on'labor force participation of women 
reversed from 1950 to 1960, and young children are becoming less of
 
a constraint on women's participation in 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-l) from the combined 1950 and 1960 weighted regression indicates an
 
increased 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.
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abodut-four times the income women 'received in 1959,, we infdr that the 

"implicit weight attached to men's income in :Equation (2) is -approximately 
2four times the weight of women's income. The weak negative effect
 

of total personal income,,y 3, on women's participation therefore'suggests
 

that the."income effect"., is negative and exceeds in' absolute value the 

.'substitution effect" by-a factor: of.about five.3
 

.PERSONAL INCOME 

,Results for Equation (3) are presented in'Table 7. The obser­

vations are weihted by the square root-of the number'of persons of
 

lmen-who received income received twice the money income on the
 
average as.women .who received income; twice as many,men as women received
 
money !in.ome in 1959 [U.S'. Census of Population, 1960, Table 58].
 

If we assume' total personal income is the sum of male and female
 

incomeu,
 

=
Y3- Y3m+ y3f
 

and that the appropriate form for Equation (2) is 

Y2 ay3m + ay3f 
+ Z
 

where,;Zcomprises the effects of: additional factors,, the constant and
 
the disturbance term, and a is the- "income effect" and 0 is. the algebraic 

' sum of the "income and substitution effects. Then in our estimates of
 
Equation (2),
 

YY3 + Z
Y2 


The parameter y can'be expressed as a weighted sum of a and, 0, where the 
weights are approximately' the, proportions of male and-female income .in 
the total.of personal income:
 

~3m f
 
Y3' Y3
 

3Among married women in the uniueu, uaes in ±yju, one response or 
participation to a change in personal'income (holding constant the pro­
portion 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 IV 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. 



Table 7 

/EQUATION 3:- Y3 INCOME PER PERSON OF LABOR FORCE AGE, 1950 AND 1960 DATA COMBINED
 
--tios in arentheses)
 

Type of. Estimate DLS IV OLS IV 

(1) ((2) (4)3) 

R .945 .945 

F 176.84 31.40 

idogenous variables 

y2: Female"labor: forcL
 
participation.rate -.0138 (.79) -.278
 

(1.60)
y4: Legal marriages .118 , (2.56) .0085 (.03) .119 (2.58) 401 


5:Consensual marriage
rate . .0875- (.74) -.197 (.59) .0904 (1.81) 520 (1.81)
 

y -! Children.under 5.. 
:.per women 15-49' -71.08. (1.05) -1.63 (.23) -.958 (.95) .15 (.78) 

, 4.15 (1.07) .34 (.25) 4.27 (4.05) .2.: (2.33)Sex :ratio 


KOgenous variables 

z .Adult eduati 1.09 (13.7) .778 (2.87) 1.10 (14.1) 87 (2.6Z) 

Z:z .Unemployment- .0856 (155) -.490 (2.08) -. 0617 (1.33) 0526 (57) 

(2.75) -.0834 (10.0) 0618 (2.19)
z8: Agriculture,, -.0882 (8.56) -'.184 


ummy (1960 1) 813 (3.65) -. 66 (1.61) .894 (4.52) 846 (.15) 

onstant -3.68 (1.39) 19.8 ;(1,57) "-4.60 (1.93) '.0 (i"62 

lote: 
- varlab.e no, inc.uaeu in reg 
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labor force age, from 14 to 64, in that municiplo.;i uoiumns ki) and 

(2) show OLS and IV results for regressions including female labor.,
 

force participation rates; columns (3) and (4) exclude the:partici­

pation rates. The negative simple"association between female labor
 

force participation and income, which we interpreted above,.as the
 

predominance of the income over the substitution effect onwome,'s
 

participation, is not reversed when the income equation is directly
 

estimated; in fact, this relationship persists and is exaggerated in
 
magnitude when the supposedly more appropriate IV method of estimati
 

is employed. 1 

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' V1regressions. 

Among the exogenous variables, adult education is associated with
 

increased, and agricultural composition of the labor force with de­

creased,i 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 unemployment compa-- .­

between modern and traditional communities, and between areas where
 
2
 

urban and rural economic activities predominate.
 

-Regressions using the:1960 data alone yield IV estimates for
 
female labor: force'participation that are-of the correct sign (positive)
 
and exhibit sizable t ratios. See Table B-4.
 

2

Examining 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 chile.-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.
 
Of 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.
 

http:above,.as
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LEGAL' AND CONSENSUAL MARRIAGES
 

Since the 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 fo'rbotl 

OLS and)-V methods of estimation, omitting in the second set th'e age,
 

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

Inthe 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)
 

is also'erratic. dle conclude, therefore, that the regional differ­

ences in age composition are not strongly associated with differencei
 

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 'regressioi 

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 th, 

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, but 

siightly decreases the combined frequency of all forms of marriage. 

The index of demand for female labor services is consistently associi 

with fewer.'legal and more consensual marriages, although the t ratioi 

forthese estimates are.:lou 

SOn inet balance, the percentageof women currently married appeai 

to decrease with an increase in either personal income or adolescent 

schooling',andto increase somewhat with the local ratio of. men.to 



Table 8 

EQUATION 4: Y4 PERCENT OF WOMEN (14+) CURRENTLY LEGALLY MARRIED, 1950 AND 1960 DATA COMBINED 
(t ratios in parentheses) 

Type -of Esti ate OLS IV OLS 1V 

(1) (2) (3)(4)
 

R .485 482
 

F 26.09 .2.80 

Endogenous variables 
Income (100 $) .718 (2.56) 2.09 (3.19) .866° (3.82);. .815 (2.49) 

Y .Sex ratio -.974 (.23) 1.57 (.10) -1.45 (.34) L9.9. (1.51)
 

y: '.Index of age

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

Exogenous variables 

z2 : Adolescent schooling -. 306 (5.45) -.367 (4.66) -.310 (5.53) -.381 (5.23) 

z3 : .Index of demand-for 
female labor
 
services -.0561 (1.85) -.507 (.92) -.0546 (1.80) -.0127 (.26)
 

z7: :.Unemployment -.232 (1.21) -.245 (1.00) -.243 (1.26) -.260 (1.15)
 

Dummy (1960 = 1) 4.55 (3.15) -2.08 (.53) 3.73 (3.37) 5.69 (3.06): 

Constant 37.7 (1.40) 224. (2.78) 61.4 (12.7) 40.7 (3.04)
 

Note: 
Variable not-included in regression.
 



Table 9 

EQUATION 5: Y5, PERCENT OF WOMEN (14+) CURRENTLY CONSENSUALLY MARRIED, 1950 AND 1960 DATA COMBINED
 
(t ratios in parentheses)
 

Type of Estmtate 


-R2 

Endogenous -variables 

Y3 Income, (100 $) -.677 

y7 ,Sex ratio 12.5 

1ndex of age' 
Scomposition -1.82 

Exogenous varlables 

z2 Adolescent schooling .232 

26 Index 6f demand for 
female labor 

.services .0173 

z7 UnemploTienil .319 

Dummy' (i960 1l) -6.18 

Cons'tan, 9.51-

Note:
 
*Varlable not included in 

OLS 

(1) 

.581 

IV 

(2) 

20.77 

OLS 

(3) 

.579 

IV 

(4) 

(2.31) 

(3.02) 

-3.61 

2.63 

(2.40) 

(.15) 

-. 813 

12.5 

(3.70) 

(3.03) 

-±..zu 

7.74 

(4.00) 

(.65) 

(.70) 29.7 (1.68) 

(4.16) .451 (3.22) .240 (4.43) .278 (4.22) 

(.59) 

(1.71) 

(3.84) 

(.37) 

.0671 

.0287 

9.11 

-286. 

(1.03) 

(.09) 

(1.07) 

(1.70) 

.0178 

.315 

-5.35 

-7.99 

(.61) 

(1.69) 

(4.99) 

(1.70) 

.046: 

.167 

-4.7( 

-5.0' 

(1.05) 

(.82) 

(2.79) 

(.42)1 

regression;. 



womeA. The estimates for the shift in the intercept between iLvfu ana
 

1960 for,.Equations (4) and: (5) imply that the extent of legal marriag
 

among adult women increased 5M7 percent and that of consensual mar­

riage decreased 4.7 percent, which would haveleft the proportion
 

married about unchanged or'somewhat increased over the decade, had
 

the other variables in the model not changed.. The index 'ofdemand
 

for female labor services and the unemployment rate do not appear to
 

exert a substantial effect on the proportion of women currently marrio
 

but they may change the composition of marriage with possible impli-

A 

cations for other behavior, such as fertility.
 

IGPATION EQUATIONS
 

Only preliminary 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 weigibted mean income differences, (2)weighted
 

differences in unemployment, (31 weighted differences in the demand for
 

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

1Theseparate 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 marriages and the decrease in con­
sensual unions from 1950 to 1960 are mure important in San Juan than
 
in the rest of the Commonwealth.
 



Table 10 
EQUATIONS 6: Y1 3 (k), FEMALE MIGRATION IN TEN AGE GROUPS, BETWEEN 1950 AND 1 9 6 0a
 

(t ratios in parentheses)
 

Weighted
 
Differences 
 "Dummy" to
 

in the Account for
 
Weighted Index of the 
 the Extra Cost


Weighted Differences in 
 Demand for Relative and Benefits
Age Incorae Unemployment Female Labor Population 
 of Moving to Educational
 
0R 2 )ifferences Rates Services 
 Index the'U.S. Levels
 

R-:' -YI 1Y7 
 1I9 .Y21 523 z2:y23
 
(2) (3) (4) (5) (6) 
 (7) (8)
 

0-4 .167 .397 
 -.150 .0594 -196 
 17.6 8.30­(1.18) (.39) 
 (.98) (1.07) (1.07) (.40)

5-9 .405 .875 .140, .128 
 -257. 32.1 
 -5.67


(2.26) (.31) (1.82) (1.66) (1.73) (23)
 
10-14 .462 
 1.90 .298 
 .140 -221 
 40.2 22.'4


(3.43) (.48) (i.45) (1.40) (1.54: (.63)
 
15-19 
 .395 1.66. 
 .570 .0606 
 -245. ,57.2 -6.37,


(3.37) (1.02) 
 (.68) (1.981 (2.281 (.18) 
20-24 .298 
 1.36 .494 
 .0286 -256. 
 63.0 10.3
 

(3.45) (1.16) 
 (.41) (2.79) (3.07' (.35)

25-34 .192 .669 .209 
 -.0134 -76.6 -­17.6 -1.40
 

(2.36) 
 (.68) (.266) (1.13) (1.21) (.07)
35.44 .287-
 346' .0671 -0547" 
 -241' 49.3 
 29.8
 
(1.33) (.22) (1.12) (3.39) (3.65) (1.60)
 

45-54 .240 
 .178 .00144 .0988 
 -120 :23.8 12.9
 
(.62) (.00) (1.84) (1.82) (1.59) 
 .63)"


55-64 .261 
 .222 -570 
 .0804- -163. 20.6 
 25.7
 
. (.71) (1.56) (1.36) (1.33) 
 (1.30) (1.22)


65+.. .238-
 .79 T,.1 
 .199 -494 
 -49-0 92.5
 
(90). (1.8) (1.22) [i.09) (1.09) (1.62)" 

-Note:
 

---- ationsfor 75i-mun Ei ios ln.Puerto-Rico 'usedin estimation migratfoni variable expressed
as-annual rate per thousand persons... 
 . .
 



Table 11 

EQU4JTION-6 :"Y 1 (k), MALEMIGRATION IN TEN AGE- GROUPS BETWEEN 1950 AND 1 9 6 0 a 

(t ratios in parentheses) 

Weighted 
Differences "Dummy' to 

in the Account •for 
Weighted Index of the the Extra CoL_ 

Weighted -Differences in Demand for Relative and Benefits 
S.Age Income Unemployment Female Labor Population of Moving to Educationa 
Grou 2 Lfferences Rates Services Index the U.S tevels 

k YI6 YI8 Y20 .22 Y2 4  Z 2 . 

((1) (3) (4) (5) (6) (7) (8) 

0-4 .085 .305 .00229 .0249 158 L3. 1 4.29 
(.91) (.01) (.41) (.-82) (.79) (.21) 

5-!9i .621 2.52 -.247 -.00629 381. 7.7 -8.61 
(7.41) (69) (.11) (2.93] (3.25) (.44) 

10-.14 .666 -6.17 
(8.19) 

1.13 
(L 64) 

-.155 
(1.43) 

422. 
(2.55) 

)O.1'i-2 
(3-'13) (.01) 

15-19 .519 .3.79 1.05 -.0317 -396. L02. 11.& 
(5.21) (1.53) (.29)- (2.77 (3.34) (-27) 

20-24. .359 i.62,-
(2.76) 

-.295 
(.61) 

.129 
(1.65) 

-139q. 
(1.40) 

3.6 
(1.79) 

-30 .! 
(.87) 

25-34 .132 i.151 .0111 .0765 "-48.6 L1.3 -­16 

_3544' :146 
(.33) 

'-:218 . 
(.03) 
-.274' 

(1.14) 
.0901 

(.54) 
-­91.2: 

(.57)
L8.3 / 

(.59) 
.! 62 

''(.66) (:79) (1.60) -(1.04' (1.16) (-.08) 

45-54 .113 .234 -.0710 .0206 -138. 13 -17.2. 
(.85). (.23) .. (.43) (1.58 (1.63) -(.98) 

55-64 .0 .251 -.294.. 0511 5.80 .152- 2.88 
(.87) (.88) (99). (.04) (.01) (.17) 

65+ .354 .105 .1.18.526 -309. LOO. 87.4 
-,(.10) (.95) (2.85) (1.25) (1.81) (1.42 

Note: 
aObservations for.75 municipios in Puerto Rico -used..in:estimation.., Migration.,variablelexoressed 

as annual rate per thousand:persons.'. 
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variable expressing the additional' costs-,and 'bene fits 0fil moving to 

the mainland United States-, and,'finally, (6).'a variable reflecting 

differences in educational levels among municipios unweiigh-ted 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. figuresare used
 

in computing the values of the explanatory variables, we do not con­

sider a separate independent observation for in-migration to the,
 

mainland United States but fit our equation only to the 75 Puerto_
 
1
 

Rican observations.
 

We have estimated all equations by ordinary least squares withoul
 

weighting the observations; however, in a later study we-intend'tos
 

use instrumental variables and appropriately weight the migration'
.
 

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 asparent migration and climate.
 

,Wethus 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 unspecifi,
 

indirect effects.
 

Female migration rates are generally less well explained than mi
 

rates. The highest multiple correlations occur for males who were
 

See Appendix A for the practical difficulties in estimating
 
the 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. Theso
 

migration equations are, therefore, estimated for only the 75 Puerto
 

Rican municipio migration rates as estimated by Census-Survival
 

techniques explained in Appendix A.
 



-62­

between 5 and 24jin 1950; 1the-correlations: for females: are much more 
uniform across age groups,. but -higher values-are also:found -for females 
who were between 5 and 19 in 1950. 

Income effects on migration are -generally strong,and positive as 

expected for age,groups when migration rates, are high:and'where also
 

the eplanatory.power of our equations "is,high.," Differences• in tihe
 

demand for female labor services appear to explain migration, even of
 

'females, hardly at all; occasionally respectable t ratios, however,
 
are accompanied by the expected positive signs. 
 Relative population
 
effects are predominantly negative. Because of the way these-variables
 

are constructed we interpret this as 
implying that migration occurs
 

more than proportionately from rural areas with relatively small
 

populations to urban areas with relatively large populations. Unem­
ploymentworks poorly as an explanatory variable, often -having the
 

wrongesign..and 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
 

Iseful level, of disaggregation and the appropriate specification 6f
 

the model for understanding,migration behavior of each of, these:groups
 

In the Puerto Rican population.
 



V., IMPLICATIONS;'FOR POLICY.."AND FURTHER RESEARCH,;
 

FEASIBILITY AND NECESSITY OF A SIMULTANEOUS EQUATIONS MODEL
 

egardless'-of whattone may think ,of the individual equations 

makingup'ourmodel of family decision making in Puerto Rico -- andwe 

have more t6 say ;about these -individual equations below ';"it,seems-.,
 
.,
 

..cleari-that it is both possible and desirable to consider a set ofU-­

decisions jointly: A family's decisions with regard to itsiultimate
 

sizes 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
 

unions. 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. 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

stand how such variables exert" their,effect,- one must trace-both direct
 

and. indirect,paths of influence.
 

Although form of.marriage does not appear "to have a.significant 

effect on feimale 'labor- force participation,income-and the number ol 

children 'under five os imprtnly. The latter poie asrn 

but indirect connection between birth rates and female labor force 

participation. Such an association also results from the common 
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,causal influence of.,the opportunities for a woman ,to work-outside
 

the home as measured by our index of demand for female labor services.
 

The strongest influences on incomes. appear to-be the extent to
 
.
which airegion lis .agricultural, the :educational attainments of its
 

inhabitants, and;the ratio of the sexes. 'The latter:is' influenced.
 

greatly by-migration and provides .yet another indirect link between.
 

demographic composition and .births.,.Since.,income also influences-.form
 

of marriage, and this in turn does •appear, to .influence.Ifertility,
 

still another chain of connection appears in the system.
 
Migration Is affedted primariyby economic differences among
 

regions,' btt, "because it is so age and sex selective, it is greatly
 

influenced'by,-aid greatly influences, demographic composition.
 

CLOSING AND SIMULATING THE MODEL-


As indicated above, our model is not fully closed, containing
 

many more endogenous demographic variables than are in fact "explained"
 

by the model.1 in principle, the age groups of ach sex present in a
 

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

area and each sex, let
 

Nk(t) f the population in the kth age group during period t;
 

Dk(t) = deaths of members ,of.the kth age ,groups during
 
period t;
 

Mk(t) = net in-migration of members of the kth agegroup
 
dlrino nprindt_ 

.. ror exampie, Ene numoer-o CnIUren unuer live years per au.uLE
oi 

woman in a region is 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 as a similar list of
 
variables determining the number of adult women present. As birth
 
rates and migration rates change in response to,changes in the exogenous
 
variables of the model, therefore, and as death rates change, both the
 
:number of children under five and the number of adult wot en'in aregion
 
will slowly :vary.:,
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If -the kth age group consists of persons whose ages vary: by more than
 

one time period (for example, a period is one year and an age group
 

consists of persons aged 25-29 years), we need alsi
 

Ak(t) = Bk+l(t) = the number of persons' a.L. uL.. -Luup 
k and "aging .into" group,k +, 1 during period 
t.
 

For the first age group, births must aaLuutu~onsUaereaj Our cnebu
 

are simply those who "age into" the first age group, Bl(t-1)
7B(t).
 

The basic population identities are thus
 

Nk(t) = Nk(t-l) - Dk(t-l) + Bk(t-l) - Ak(t-l) + Mk(t-1) (4.1) 

for each age group k and each sex and region, , = 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 k and Bk, since births are known 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 nk periods,
 

a.fraction of the total population~group passes-each period into the
-

nk
 

next age group; thuS,
 

At N (t) (4.2)
Vn k,
 
k,'
 

A life table shows, for each age group, the fraction of the popu­

lation .in that age giroupwho may be expectedto'survive to their present
 

age'plus one year (or five years). Aiternatively, the iife table yiel
 

"htefraction who,may-beexpected todie in the current peri d in each
 

age ioup, 6k* Appkoximately, therefore
 

Dk(t) = 6kNk(t) . (4.3 

Equation (4.3) assumes that 1UL I yacrss ages 

within a given age group. To make this a useful approximation the fir
 

age group should not exceed one year,Lsince mortality in the firstyea
 

of life is many times higher than in the second,, third,' orfour',th. Si
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by; 'definition, the following approximations result:.
 

(a) Population 0-1:
 
'
N (t) B(t D(t)" (4.4) 

(b) Population groups-: 1-4, 5-9 1014, ...,55.-64,o
 

k 1
 

md
 

(c) Dpulation,group 65+,,k K 11:
 

k(t) =Nl(t-1) - 6KNK(t-l) + 1 N (t-1) (4.6) 

+ M (t-l)
 

We do not have a:separate life 'table..for each.municipio. We'have
 

.ife tables for Puerto Rico in 1950 and 1960, and both .cude and infant
 

eath rates by municiplo annually. Such death rates may be used to
 

ompute-estimates of the 6k for each municlpio based on the Commonwealth­k
 
ride life tables and the municipio's age composition.
 

Once the model has been closed by "identities" such as those
 

.llustrated, it will be possible to simulate the.model in order to
 

sssess the effects of changes in the time paths of the exogenous vari­

kbles in the model. These variables are educational ones, a variable
 

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

:he extent to which the community is'.agricultural,, and the extent I:o 

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

:an affect ne:arly allof these in one way or another, and thus the 

iehavior over- time of the endogenous variables of the model. Migration, 

,hich is endogenous. in.the .model, will, in the long.run, affect the 



extent. to which thehascommunity a whole is agricultural-, 'although this. 

is ignored in the: present.,formulation. Although the 'fulVl implications 

of our model for policy can only be explored by proper simulation, some 

short-run qualitative implications may be drawn from the model.in its 

inciomplete form.
 

SOME QUALITATIVE IMPLICTIONS FOR POLICY
 

Variables.that may:be affected by:: public policies ° include the ­

':
provision of educational facilitiesithe generallevell-of economic 

activity and the degree of unemployment, the location'of industry and
 

the extent and nature of employment-opportunities'for women, and the
 

provision of publichealth services. 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, or 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 ,policy,
 

and demographic change.
 

The provision of educational services affects the endogenous
 

variables ofthe 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
 

ofschooling 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

cessfu in isolating these direct educational effects, there is the 

possibility that more refined'anaysis 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'avail 
bility of educationai facilities may affiect fertility, and we have 

found evidenceof the' strength' ofthese. Adolescent schooling 'is 

negatively associated with legal marriage and positively associated 

with consensual union; but the net effect will be a significant: redu 

tion in birth rates due to increasing :adolescent education. We have 

http:model.in
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not.been~able to findevidence of yet another route of indirect, 

-influence via the-effect of,education on migration. -

The general level 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, aand form ,of marriage. Through each of 

these intervening .variables,-.lower,unemployment rates should tend 

to be associated with slightly increased.birthrates. However, 

additional longer term effects may occur through the influence of 

unemployment rates on !migration and the, changes, in the'age-sex com­

position 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
 

positive'eff.'..t 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,
 

' 
appears to be the provision of public.'health and medical services.
 

Lower death rates- are markedly associated with lower fertility,
 

although. not necessarily with slower rate of population growth.
A 

More'research is needed to identify the contribution ,of public policy
 

to these differences in death rates.
 

Policies that affect the attractiveness of migration and the
 

rural-urban distribution of population may also importantly affect
 

fertility. Although few such policy influences can be discerned
 

from our migration equations in their present form, the strong in­

fluences of the age compositidn of an area on fertility suggest a
 

potential route of indirect influence, if 'not one on which nation­

policy might rely.
 



IMPROVING INDIVIDUAL 1EQUATIONS ,-,
 

The statistical results of the present investigation can' har ly 

be regarded as satisfactory; their usefulness lies largely in suggest­
;ing ddirections for further research and the feasibility of a simultaneous­

:equations model of the :type we have described.
 

Some of the least 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 4ere under five in 1950 and, therefore, under fifteen ii
 

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 (x1: aged 15-19; x2 : 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 - .0048 - .314x1 + 1.03x 2 + 1.67x3 - .O017x4 - .00063x5 , (4.7) 

(5.80) (1.22) (3.20) (5.51) (4.43) (1.34) 

2 0.81 

The numbers',in parentheses, below the coefficients;,are,,t ,ratios, and 

Ithe regression was estimated.by ordinary least squares.,: These pre­

liminary. results obtained by,De Tray. suggest, that_ relating, certain 

age-sex -categories:,of migration to others, and the latter to economic
 

variables maytbe more fruitful than our, present ,approach.,,,, 

'It is 'aiso possib'le that broader aggregates of dd-grants wi1,
 

prove easier to,explain than the groupings used in this study. If
 

Droppingx ,rom ne regression aia-nor suosranria-Ly :cnangr.,
 
rpmnn.qi "nif fiients nor oeaxn e anatorv 'Dower of ,,tlieauati
 

http:rpmnn.qi
http:estimated.by


broader groupings are chosen, it will be necessary. to relate the.,,,:. 

'finer groups to the.broader ones since the former play an important
 
role in the other equations
 

One of the most, serious defects in-.the present ,model is .the assump­

tion that some labor market phenomena andchild school attendancerates 

are determined independently of the endogenous variables in the model. 

Unemployment is certainly not independent of female labor force parti­

cipation nor,-in the long run, is our index of demand for female labor 

services. Although any attempt to treat industrial structure that 

underlies our index of demand for female labor services as endogenous 

would 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
 
1
hoc regression equation. 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 low 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
 

entirely det'ermines the number of children enrolled. With data recently 

acquired, it may"be.possible to 'estimate the interaction of.;government­

supply of and parent demand 'for education-and their'joint determination 

:of the-time children spend'in school. Estimation 'of the influence that 

government policy and resources exert on school attendance-rates, or
 

conversely school dropout.rates, is a priority ob-lective for our further
 

research.
 

,The difficulty of this task is testified to by.Cain's ,unsuccessful
 
itempt using U.S. data. [1966,,_Appendix H].. 
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CONCLUSION
 

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 equation-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, itpermits 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

sectional 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 appropriate estimation
 

techniques employed. Although not every estimate obtained by the
 

techniques outlined here is more plausible in size dr in sign than
 

those obtained by ordinary regression, the estimates on thewhole
 

appear improved over those obtained by methods that treat each
 

relationship in isolation.
 

The results presented here are preliminary and incomplete. But 

we hope that they may serve as a firstistep toward our ultimate goal 

of a completerand comprehensive'structure of the behavior of the 

family unit incorporating;,demographic and labor market- variables 

endogenously.- This final model must be capable of dynamic simulations 



and economic effects:.term demographicdesigned to reveal the long 

t
 

educationaliand economic opportunities of the evolving population.
 
of policies that affect the fertility and mortality and impro 




Appendix-A.
 

MIGRATION
 

THE MODEL
 

Let Pij be the probability that an individual in a given age
 
group will migrate from i to j; P is the corresponding probability
 
that an individual will migrate in the reverse direction. "If.ni is
 
the total population in the ith area in the appropriateage-sex
 

group, ,then niPij is the expected number in that, group who will 

migrate from i to J. Similarly njPji is the expected number who 
will migrate from j to i, so that the expected net migration from
 

i 	to J is just niPejj , njpji for the.age-sex group in question. Tf
 

expected flow of migrants into a region 
i is the sum over all
 

regions k of the net migrationfrom k.toli; thus
 

K
 

m. 	 (n~~ - n+ b 

k-l\ ii) bii 

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

sum for k - i is niii- niPii - 0.) We have also included a term 
reflecting the current educational attainments of individuals in,
 

municipio i, bz 2 I since we expect greater educational attainment 

will increase the propensity to migrate, at least outwardly, and 

should thus have a negative association withnet migration into an 

region.-

Since the probability of moving betweenany,two regions, is a
 

number between zero and one, it would be inappropriate to assume
 

to,be 
'alinearfunction of any determing variables; nonetheless,
 

The use of z , adolescents in school, rather than a direct t 
sure of th'e educational attainment of the population currently livin
 
in the municipio, such as z4, is designed to circumvent the obvious
 
difficulty that results from the effect of migration: Since the
 
better 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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will assume linearity as an approximation over the fairly narrow.
 
.range of variations observed, ii migration rates,. The gains from 
moving from' i.to j 
 st be set against costs. If the advantages of 
: are measured by xi, the advantages of j byx, and the 

1. jby-
cos -9P , to 

,moying from i to J by cij', ,we have 

Pi ao a ( +.alc j (A.2) 

Substituting in (A*l) and assuming that the cost ofimoving frc
 
to J is the same as moving from.j o i, 
 " cj"we ,obtaini expected
 
net in-migration for regio i . 
as
 

M. a n. a' (nk ni)(xi. xk) (A
k k 

2_ (nk -.
+ a2 ni) Cik +.bn z2
 

If the cot of moving between any two points is approximately constant,
 
the final term may be absorbed in the first. 
Expressing migration as
 
a rate per capita of the relevant population group, we find that ex­
pected jnet 'in-migration rate into 
i is a function of two types of
 
variables: 
 Proportionate population-differences and weighted differ­
ences of v nvinR * into i
 

Mi
 

ni 0 \n x) + bz' (A.,4) 

In using this result for estimation purposes a number of compl­

.ations 'arise: ,Actual migration cannot be measured but onlyinfered
 

)y o0bserving:the'resident population and its age-sex+composition at
 
.wo points in time (census years) and applying estimates of-age­
pecific death ratesin order to compute what the population:'in var­

o..age-sex groups. ought to have been in the.-second periodin theI 
absence:of any mgratiOn. The :details of this computation are' given' 
in the next section of this.Appendix. -We use estimates of the actual 
in-migaration rates' to'represent ihe expected .in-migratio6
.nrate ppearin
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on the ,'eft-hand& sides'of~ our '20-.migration equaions.. We hv~x
 
pressed migration per ,capita'at an 
 nual compound: rate rather tha ii'
 
a decadal one, although the, two 'census years, between which we mea­
sure migration, are ten years apart.
 

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 c between
 
any two points not including the mainland United States, and c ,
c"

between any point and the mainland United States; then the last'term
 

in (A.3) becomes
 

a2 1 (nk - n,)cik - a2c I (nk - ni) + a2c' (n 76 - ni (M)
k k 

where observation 76 represents the mainland United States. 
 Conse­
quently each equation should contain an additional variable for each
 

age-sex group,
 

(n7 n)
 

wnich takes account of the greater cost entailed in'lL_._..... e oL­6 I 

-for the: mainlind United States as well as possible unspecified benefits
 
-This'is the second modification.
 

Finally, it is necessary to consider what variables' reflect the
 
relative advantages of one-loca'ion as :opposed to'another. 
 The ''"ri­
ables we have chosen to examine are income 
 differences ,differences 
in the.,unemployment rates, and.idifferences. in the levelof the deman
 

for female labor,services ;.as measured by-'the index described: above.
 
These varlables ,are all,.!expressed as :weighted ,sums of-
the', difference 

.,between theivalue of-the ,variable. for other and the valuefor'areas 

the area of observation. . Thus,'we expect that high values of 
the
 

' income and demand variables; (meaning that:,other. areas compare favor­
;ably. on the whole with the areainquestion) should,'tend to be 
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rassociated with low values,of net in-migration,.while .high'values of
 

the unemployment variable .(meaning other areas compare unfavorably):
 

should be associated withrhigh in-migration rates.
 

MEASUREMENT OF MIGRATION
 

A regional migration rate is,designed",to.express the relation. 

between a migration. flow and,the population sustaining or,being sub-

Jected to that flow. For convenience: the migration rate is defined 

the ratio of the net "migration flow,to the domestic population,
as 


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.
 

someThree processes..may affect the size-of an -open population: 

persons may be born, some may die, and some may migrate into or out of
 

the regional population. No estimates are derived or analyzed here for
 

the cohort born between the two census dates. Migration of age cohorts
 

rompletely enumerated in both censuses, however, are affected by deaths
 

hich .reduce the population size over. time, or -the denominator, and thut
 

he migration..ratio.: ;.Were-the migration rate measured .instantaneously, 

he frequency of death would not affect population.size and thus would 

ot bias a direct estimate of migration. But, as stated above, measure­

ent of.migration based on census data must account for the effect of 

leath on population size. 

Consider.'a,cohort of individuals,-of a.specific.age and sex. !For
 

ation, -let.this- cohort consist.of
r:country- experiencing no net migr, 

-


persons age x at meO,andt. years."later.let there ,remain:,B
 

,ersons in this, cohort of age. x+t., A-survival rate R% is defined-as
 

IA where-,'the subscript J.stands -for the specific-age-sex.cohort..
.
 
.


ly,assumption the.,difference between A
;and B is.attributed to deaths.
 

Ithe time interval, the
Ef the frequeney',of deaths were.,constant ovar 


http:direction.of


effect;":of death may. be represented .as an.exponential rate;;of idecline 

of the population. 

-d t 
Ae ,, B .(A.6) 

where e' is,-the !base, of natural: logarithms,.1,d, is the. instantaneous 

death-ratel,. and t is elapsed time.
 

In an open (regional) population subjected to-net migration, 

the difference between the base and final period population size is 

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, both exponential effects on population size may be 

writtenf: 

A ijie Bi ,(A.,7)(M , 

vhere the i subscript distinguishes the region and mu 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 'out­

migration. 

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

populations in Puerto Rico, one must assume that d =d for all
 

regions i - 1,2,...,N. It is then possible to estimate mu from
 

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

censuses:' 

(log, B , -log;-A- -;log R)t (AM8) 

From equation (A. 7) dividing by Ai ' and taking'natural loga­

riihis 'yields
 

(mu - d )t - log B], - log A,(a)
 

and since from,equation'(A.6), dt is equal to log (A/B-) iation 
(a). is rewritten as 

mu -,(log B log A - log B + log A ) t (b) 

which is iden tical toO"equation', ( A,-8) when B /A is replaced by, R. 



This"procedure formeasuringimigration:.rests on two assumptions:, .
 
(1). 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.
 

Age ;is often systematically misreported, contributing to "age
 
leaping" in the age profile of the population about attractive or
 
fround" ages. 
 In Latin America, and in Puerto Rico in particular,
 

3ge heaping does not appear to distort the census data serous1v
 

For our purposes.
 

A general problem of systematic underreporting arises, however, 
Ln the census enumeration of U.S. residents born in Puerto Rico. 
lie distinction of being born in Puerto Rico may be associated in 
:he minds of many persons with lower-class status in the United
 
;tates, and therefore is 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.
 
For these reasons the migration equations are estimated, excluding
 

the U.S. observation. In fact,.the edtimated rates of migration to
 
the United States shown in Table A-6 imply a 
net inflow of 320,000
 
persons over the age of tenby 1960, whereas other methodsof esti­

mation suggest total migration for all ages may have been 
etween
 
'400,000 and 430.,000. ;Even these latter estimates may be deficient
 
according to Hernandez [1967], who has estimated the gross return
 

migration flow during the 1950s as 
between 50,000 and 75,000." The
 
gross inflow from Puerto Rico to the United States was therefore of
 
,the order of half a million in this decade from an initialCommon­
wealth population of 2.2 million to an initial U.S. resident Puerto
 
Rican born population of 226,000 in 1950'..'
 

The second assumption underlying the measurement of migration
 
is, that death rates by age and sex are the.,same in 'all regions,of, the
 
country. 
It is probable that death rotes are higher for populations
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living ini rural hinterlands, of,.Puerto' Rico- than- for those in- urban" 
centers. :17,It may be supposed, therefore that estimated out-migratioi 
from remote rural-areas is overstated because of higher death:rates 
prevailing in these areas', and conversely out-migration for more
 
prosperous urban oriented areas is 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 tc
 
.2percent per year for the younger and older cohorts, and somewhat
 
less for those in the prime of life. In comparison with average
 
annual net out-migration rates of between 1 and 7 percent per year
 
(Table A-4), this source of bias in our estimates may be regarded as
 
negligible.
 

EMPIRICAL MATERIALS AND PROCEDURES
 

Life tables have been published for Puerto Rico for men and women
 
in.1959-1961 and for women in 1949-1951 in five year intervals.7_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 decade. 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 x+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 agedx to x+4 in 1950 that had obtained the age of x+10 to x+14
 
by 1960. These estimated survival rates are shown in Table A-2.
 

1950 Female Life Table from Carballo (1964), Table 9, p. 19, and..
the i960 survivor -rates from UN Demographic Yearbook 1966 (1967),.'Table
-23, pp. 608-609.,
 

2For the population over64 in 1950 and over,74 in luy ELe age, -..,breakdown was not available by municipality. It was therefore .assumed. 
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Table A-I 

I RATES, MEANS AND STANDARD DEVIATIONS.N-MIGRATION 
:FOR 75 MUNICIPALITIES OF PUERTO RICO AND NET MIGRATION RATES
 

TO THE MAINLAND UNITED STATES
 
(percent)
 

75 Municipalities Puerto Rico
 

Age of. Male Female Mainland U.S. 
Cohort Standard Standard Male Femal 
.in1950 Mean Deviation Mean Deviation Mean Meat 

0-4 -.91, .98 -1.07 1.03 19.83 20.1:
 

5-9" -3.16 1.41 -3;19 .1.44 14.34 14.71
 

10-14:' -7.17 3.06 -5.15 2.20 15.76 17.01
 

15-19, -7.28 2.78 -5.16 2.07 16.47 14.3(
 

20-24;, --5.28 1.93. -4.'50 .60 9.32 7.61
 

25"34 -2.22 1.34 -1.73 1.03 6.93 5.2,
 

35-44 -1.61 1.04 -2.20. 1.00 3.70 3.1
 

45754 -.78 .84 -1.12 1.06 3.07 4.1,
 

55-64 .02 .83 -.62 1.12- 4.09 4.6:
 

65 or
 
43 3.48r 'ver :' .;86 . 199 3.61 2.0: 



-Table'A2 

SURVIVAL.RATES FORPUERTO RICO, 1950-1960
 

Age.Cohort in­

1950 and 1960' 

0-4 to 10-14 


5-9 to 15-19.. 


10-14 *to'20-24 

15-19 to 25-29 

20-24 to ,30-34 

25-29 to 35-39 

30-34 to 40-44 


35-39. to 45-49 

40-44 to 50-54 

45-49 to 55-59 

50-54 to- 60-64 

55-59 to 65,69 

50-64 to 70-74, 

5.69 to 75-79 

70-74 to :'80-84 

75-79 to 85-89 

80+ to,90+ 

Men •Women::, 

.9475 .9498 

.9839 .9871. 

.9854 .9910 

.9714 .9831 

.9551 .9735­

.9506 .9686'. 

.9408 .9622 

.9339 95351 

9237 9472' 

8934 9316 

8632 9192 

8218 8781 

7501 8220 

6599- 7469 

5567'" 6292 

4343 4889 

3120. 3810, 



The values of the environmental 'determinants,.of migration, that
 

is,income, unemployment, the index of demand for- female labor ser­

vices, and population, which are used to construct variables
 

through y24 aremunicipal averages of, 1950 and -1960 census observa­
.
tions. The school enrollment rates are also averages of '1950;and
 

1960' values within Puerto Rico'.
 

Several gaps in matching datL. .. ........ .AL&ULF ­

dent 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
 

is'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 pbpulation.
 

The ,school enrollment rate is reported in the 1960 census, but must
 

be interpolated for 1950 between different age groups, to yield 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. Personalincome
 

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.
 

th in each region these four oldest age cohorts were fixed proportions

of the total number over 64.and-II74,- 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-L.
 

http:determinants,.of


--

Appendix B
 
REGRESSION RESULTS FOR 1950 AND 1960 SEPARATELY, EQUATIONS 2 THROUGH 5
 

Table B-1
 
EQUATION 2: 
 Y2, FEMALE LABOR FORCE PARTICIPATION RATE, 1950 DATA
 

(t ratios in parentheses)
 

Type of Estimate 
 OLS 
 IV 
 OLS 
 IV
 

(1) 
 (2) 
 (3) (4)
.684 
 .670
 

4.79 
 9.00
 
Endogenous v~aKue
 

Y Income-(100$) 
 -.883 (1.02) 3.33 (1.02) -1.05 (1.22) 4.65-- (i.63)

Y4 : Legal marrige 
 .717 (1.50) 1.12 
 (.79) ....
 
Y5: Consensual marriage 
 .502 (1.14) 
 .752 (.66) -

Y8" Children under 5 per
 
woman 15-49 
 -26.4 (1.98) -62.8 
 (1.27) -17.6 (1.67) -47.4. (1.O1) c
9: Index of age
composition 
 12.8 (4.15) 23.4 (2.58) -10.6 (3.78) -'24.7 
 (2.67)
 

Exogenous variables"
 

z Adolescent schooling 
 -.527 (4.31) -.539 (1.36) -.595 (5.25) 
 .733 (2.95)

z3 Index of demand forfemale labor services .279 (3.81) .0753 (.30) 
 .264 (3.61) .0306 (.12)
z7: Unemployment rate 
 -1.36 (3.80) -.893 (1.62) -1.57 (4.62) -1.11 
 (2.20
 

Constant 
 -265. (4.60) 494. (2.49) 257. 
 (4.46) 575. 
 (3.i9)
 

Note:,n 
Variable -1not included in'regressii. 
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Table B-2
 

_EQUATION 2: Y2 FEMALE LABOR FORCE PARTICIPATION RATE, .1960 DATA 
2 1(t ratios in parentheses) 

OLS IV
 
ypes"of Estimate OLS IV 


(1) (2) :(3)
 

.816 .798
 

F: 98.38
 

logenous variable•
 

y3. Income (100 -.761 (2.I1) -.154 (.12) -.775 :(2 08): 9.LV
 

Legal marriage -.572 (2.13) .782 (.68)
 

y5: Consensualmarriage :-.266 (1,00) .844 (.86)
 

y8: Children under 5 per
 
-woman 15-49, -10.4 (2.71) -8.14 (J82) -11.5 (3.02) -5 30 .67) o
 

yq.index of age
 
-composition' , 5.26 (3,08) .427 (.06) 2.40 (1.82) 4.18 (1.69)
 

ogenous'variables
 

Adolescent 'schooling -.0360 (.43) -.0231 (.19) -.00388 (.05) .010 AI(i)
 

z Index 6 demand for
 
female labor services .196 (3.57) .271 (3.26) .255 (5.08) .271 (3.88)
 

z7: Unemployment rate -.596 (1.92) -.829 (1.97) -.653 (2.15) -.723 (210)
 

nstant -54.7 (2.11) -45.8 (.61) -33.8 (1.34) -73.8 (1.59)
 

-te:
 
niot -incdd in regres'sioni.-Variable 



Table B-3
 

EQUATION 3: Y3' INCOME PER PERSON OF LABOR FORCE AGE, 1950 DATA
 
(t ratios in parentheses)
 

IV
of Estimate OLS IV OLS 


(1) (2) (3) (4)
 

2 .926 .925
 

38.16 24.80
F 


Endo enous-variables
 

participation rate .0206 (1.02) -.140 (2.45)
Y2 Female -labor force
­ -

Y4:Legal marriage .165 (2-54) .0445 (.21) .166 (2,56) -.0544 (,28)
 

(2.21) (.43)
Y5 : Consensual marriage .141 (2.12) -.0719 (.33) .146 o0844 


Children under 5 per
 
woman 15-49.' -6.13 (2.85) -11.5 (1.58) -6.18 (2.88) -12.5 (1.90)
 

l:Sex ratio.... 4.95 .(3.04) 5.69 (1.32) 5.37 (3.41) 7.21 (1.87)
 

Exogenous variables,.
 
_'z-: ::Adult educatiox .924 (5.94) .708 (2.94) .950 (6.19) .896, (4.33)
 

z7: Unemployment- -.0212 (.29) -.244 (1.69) .0238 (.42) .0075 (.08)
 

z8 : Agriculture- -.0662 (4.08) -.0872 (1.82) -.0570 (4.21) -.0145 (,43)
 
(1.17) -5.50 (1.65) 8.93 (90)
Constant -3.89 (1.05) 12.9 


Note.:
 
-no't-included -:iireg~ression.­-Variable-



Table B-4 

EQUATION 3: Y3, INCOME PER PERSON OF LABOR FORCE AGE, 1960 DATA
(tr"
ratios in parentheses)
 

Type of Estimate OLS IV OLS IV 

(1) (2) (3) (4)
 
"
R .947 .947 -

F 148.36 61. 6! 

Endogenous variables 

Y:I Female labor;force 
participation rate .0248 (.71) .293 (1.97) - ­

y:4 Legalmarriage 168 (2.34) -.186 (.64) .162 (2.28). -.208 (83).
 

Yb" Consensual marriage .135 (1.51) -.255 (.65) .133 (1.50) --.285 (.85) 
y8: Children under 5: per 

w6man":15-49 .0686 (.06) 6.02 (1.28) -.183 (.15) 5.21 (1.31) 

Yj0 : Sex ratio 2.81 (1.80) 11.5 (1.64) 2.70 (1.74.)- 12.9 (26)-, 

Exogenous variables -• 

z -:Adult 1.01 (4.49)educatioi 1.09 (9.39) .959 (3.60) 1.09 (9.42) 

z7: Unemployment -.0618 (.64) .0281 (.15) -.0766 (.81) -.171 (1.23) 

z8 : Agriculture -.0922 (6.12) -.0302 (.63) -.0984 (8.00) -.112 '(5.73) 

Constant -5.97 (1.47) -4.73 (.36) -4.70 (1.29) 4.61 (.44)
 

Not:
 
-Variable -not-4ncluded' in,regression. 



Table B-5 

EQUATION 4: Y4 PERCENT OF WOMEN (14+) CURRENTLY LEGALLY MARRIED, 1950 DATA 
(t ratios in parentheses) 

Tyie of Estimate OLS._ 

(1) 

IV 

(2) 

OLS 

(3) 

IV 

(4) 

.488" 

11.82 10..34 

Endogenous'.variabies 

Y3: Income (100,$) 

S7x raio8 

Yl1: Index of age
composition 

44 

698 

(2.44) 

,(1.64) 

1.90) 

1.85 

-2.23 

A4 

(1.54) 

(.10), 

(1.63): 

1.37 

3.8-

(2.36). 

J1.64) 

1.99 

7.58(35 

[1-62) 

Exogenous variables 

z2: 'Adolescent schooling 

-Z: Index of demand for 
female labor servic 

'Unemployment)! 7 .. 

-316 

-.078f 
-.411... 

(3.69) 

(1.35) 
.(1.63) 

-.398 

-.0469 
-.278 

(3.21) 

(.38) 
(1. 0).436' 

-.30Z 

-.0901 
-

(3.60) 

(1.59) 
((1.74),1 

-.398 

-.096 
2892-.-. 89 

63. i4) 

-(.79) 
'.02)-

Constant -09. (2.76) .85.',- (2.23) 4.3 :(8W64.5 '2.57) 

Note: 
-'Variable not included in-_regessioni. 



Table B-6 

QUATION 4: Y49:PERCENT OF WOMEN (14+) CURRENTLY LEGALLY MARRIED, 1960.DATA 
(t ratios in parentheses) 

Type-of Estimate-OLS IV OLS- IV 

2 228 .-421.,. .283 ..: " 

F !.91 1.73 

zuuogenous variables.:. 

I..oe (100$) + 

Y-3 

y 7,,Sex-ratio--i 

- :Index of age 
composition , 

.327 

-4.93 

2.84 , 

(.97) 

-(1.09) 

(4.03) 

.041 
-

9.44 

2.98. 

(.06)-

(.78) 

(2.12) 

-1..-
:,. 

- 3.05 

(.44)-

(.6) 

1.14 

-2.37 

(2.52) 

(.20) 

00 

.Exogenous variables' 

, .Adolescent, schooling .138 

z3 : Index of demand -.for
3 female labor services -.181 

Unemployment .215 

(1.81) 

(3.75) 
(.74) 

-.134 

-.146 
.083, 

(1.67) 

" 
(2.23) 
-(.24) 

-.189 

-.129'z 
-.056 

(2.28) 

(2.51) 
(.18) 

.184 

-.142 
.031 

(2.18) 

(1.97) 
-(.08) 

Constant, -79.8 (2.30) -91.3 (1.24)- 58.4 (10.3) 63.3 (5.51) 

Note: 



Table B-7 

-EOUATION 5: Y5 , PERCENT OF WOMEN (14+) CURRENTLY CONSENSUALLY MARRIED :1950 DATA­
(t ratios in parentheses). . 

rype -of Estimae 

.:........i: .. 
OES 

' 1) .(2) 
IV OLS 

(3)(4 
IV 

2" .340 
.309 

F- 6.15 .3.65 

Kndogenous variabli 
.ncome(O0 

y7 exratio 20.6 

y1 2 : Index of age­
composition - 9.37 

xogenous variables 

z : Index .of,demand for.. 
femailelabor services .0155 

: Unemployment .281 

onstant -108. -

(1.99) 

(2.30) 

1.80) 

(.26) 

(1.04)1' 

(2.12). 

-3.54 

21.1 

-26.3 

A396 

0988 

-.0614 

271. 

(2.20) 

(.83) 

(2. 

(.73) 

(.20) 

(2.08) 

-.844-

M0.6 

.2,73 

.0217 

.347 

7.6 

(1.33) 

(2.26) 

(2.99). 

(35) 

(1.28) 

(1.89) 

-1.67 

.955 

.360 

.0468 

.191-

3. 

(1.27) 

(.04 

(.65) 

(.36) 

(.63) 

.01) 

Go(212) 

I 

4-Variable not includedin regression 



Table B-Z3 

EQUATION 5 Y' 5 PERCENT O WONEN (14+) CURRENTLY C6NSENSTALLY MARRIED, 1960 DATA 
5tvratios in parenthes' es)'
 

-OL IV OLS I
type of Estfiate 

- 2 

R .369 .286 

:F 4 15 3.93 

Endo6genousvariables
y3 Inome .. 4 (.98) -.570 (.92) -. 846 (3.18) -1.34 (3.26)
 

i oe.(i1fl -. 30k 0 3.6
 

22.3 (2.04)Sex-ratio., 8.31 (2.07) 22.7 (2.19) 7.91 (1.87) 

Index of :age
 
composition6 7;47 (2.98):. -. 1 (1.60) 


Exogenous -variables . 

Adolescent-schooling .0891 (1.30), .0755 .93). 

Index of demandfo 
female labor services .0564 (1.37) .113 (1.77) .051 (1.17) .13: (2.00) 

-.044 (3) .307 (1.16) -.04! .(14)
z7: Unemployment .249 (.99) 


62.1 7 (2.66) 54.7 '(1.15) -6.07 (1.26) 20.1 (1.92)

Constant. 


. .Note:,-. 

Varitable not included in regression. 

0 



REGRESSION RESULTS FOR 1950 AND 1960 COMBINED EXCLUDING SAN JUAN, EQUATIONS 2 THROUGH 5
 

Table C-1
 
EQUATION 2: "Y2, FEMALE.LABOR FORCE PARTICIPATION RATE, 1950 AND 1960 DATA COMBINED, SAN JUAN EXCLUDEE
 

(t.ratios in parentheses)
 

Type ofE ate OLS f ... IV OLS .. 

R 
. (1) 

.526 
. (2) . (3) 

.523 
(4) 

F .2.57 .34 

Endogenous variable­

y .,Income (l00$) 

y4 : Legal marriage 

5 Consensual marriage 

-Y8 Children iunder -5-per 
woman 15-49. . 
Index of age_ 

.composition 

.137 

.0860 

-..0422 

-11.0. 

-1.89-

(.29) 

(.28) 

(.15). 

(2.14) 

(1.02) 

-5.35 

1.55 

.371 

-46.8 

9.05 

(1.25) 

(.75) 

(.24),. 

(1.11) 

(.6i) 

.143 

-11.3 

-1.29' 

(.31) 

(2.43) 

(.83): 

-3.54' 

-13, 

2O-

(1.18) 

(.64) 

(1.13) 

j, 

Exogenous'variables; 

z2 : Adolescent schooling -.288 

z Index of demand for 
female labor services .277.z Unemployment,:- 1.42 

....Unemployment-1.42 

(3.46) 

(5.62) 

-(5.32) 

.229 

.486 

-1.31 

(.56) 

12.26)
'168 
1.68) 

-.314 

.271
-1".47 
-1.47 

(3.99) 

(6..12) 

(5.66) 

-,155 

.433: ' 
-1.85 

(.77) 

i(2.81) 

(4.24) 

Dummy (1960= l) 

'Constant 

-96 

-59.0 

.. 

-

-. 74) ... 

.--.' (181). 
1l' 4-... 

222;-

(55) 

(-76) 
. -2 623 

.522.-
(.28), 
.(64)-

-19.1-
-.-219 -. -

(1.29):­
-(1.02)--

Note: 

-. ariable not :included. in'' rersion. 



Table C-2 

EQUATI0N3: Y, INCOMEPER :PERSON.OF LABOR FORCE AGE, 1950 ,AND 1960 DATA COMBINED,: SAN JUA"iEXCuDED 

Type of EstintOUS -" IV OLS 
"' :"(1) "'-:' .. :. "-- " " [ (3)- (4): 

" R2 .'873 .872 

F 

Endogenous vaiables
 

2-Female labor--force-­
participation rate -.0163 (.uj, -. - - - , ..­ _ 

:Legal,marriae .141 (332) .80) .141 (3.32) *.376-(1.42) 

Consen ual marriage .115 -(2.50) -. 341 (1.23) .18 (2.57) -. 462 (1.54) 

Children under 5 per 
woman 15-49: 
Sexratio 

_-.968 
4.88 

(1.04) 
(4.95) 

-3.54 
9.90 

(,64) 
(1.34) 

-.820 
5.03 

(.89) 
(5.16) 

4.47 
6.1 

(.70) 
(2.62) 

Exokenous variables-"
 

£i I i Adult education .561 (4.55) .298 (1.23) .581: (4.77) .361 (1.32)-,­

z7: Unemployment -.0835 (1.61) -.265._ (1.57) -.0570 (1.26) -.0896 (.91) 

z Agriculture' -.0994_ (10.2) -.126 '(2.44) -".0935 (11.8) -.0701 (2.58) 

Dummy (1960 =1) 1.18 (5.20) -. 286 (.31) 1.28 (6.27) .661 (1.13)-

Constant .- 3.59 (1.50) 2067'. (1.86) -4.67 (2.17) 8. (l.'44).. 

note:­
- Variable not-included in regression. 

http:PERSON.OF


Table C-3 

EQUATION 4: :Y 4 , PERCENT-OF WOMEN (14+) CURRENTLY LEGALLY MARRIED, 1950 AND 1960 DATA COMBINED,. 

SAN JUAN EXCLUDED 
ratios in parentheses) 

j IV - OLS' IV 
TypWe of Estiniate. (2) ..... (3) (4)

• , - :. :--.... ( ) .. .: ' 


R 484: .47 

:F * 44 11.10 

Endogenous variaoies"6 
1 69(2.67)

(100 $) 1.07 (3.06), 2.75 " (.38
Y3:' I come 


-4.37 (.96) 9.83 

y7 : Sex ratio 3.45 (.75) -3.69 (.21) (.70 

.Yl: Index of age
 
composition.: _872 (1i65) -2.44 (1.5 4 ) :.
 

Exogenous variables
 
-.262 (4.57) -.314 (4.24)
 

-.251 (4.36) -.315 (3.92)

Z Adolescent schooling 


z3: Index of demand for 
-.136 (1.69) -. 108.. (3.08) -. 120 (1.63)'femal& laborrservices -. 116 (3.31) 

-. 263 (1.10) -. 339 (1.78)' :-.262 _(1.19)
-.329 (1.74)z Unemployment 

(.59) 2.86.: (2.30) 3.14 (1.14) 
Dummy (1960 1) 4.42: (2.84) 2.88 

20;,3 _(.75).. 186-. (2.11) 64.4 (13.0) 51.8-_ (3.73)
-,Constant 

:Note: 
_ Variable not included '.in'-re 



Table C-2
 

EQUATION-5.: Y. PERCENT OF WOME (14+) CURRENTLY CONSENSUALLY MARRIED, 1950AND 1960 DATA CoMBINED 
SAN JUAN EXCLUDED 2 

(t ratios in parentheses)
 

Type o Estiate "OLS IV LS:IV
 
(1) (2) ( (4): 

. R_ .516 .513 

F.0.78 9.89
 

-:?Endogenous variables 

Y3.Income,(100 $) -.560 (1.49) 1.92- (2.00) -.729 (2.35) -1.85 (2.63) 
y7:-Sex ratio. 11i0 (2.43) "0 (.83) -.112 (2 47)3 .74). 

S -2Index
ofage
 

. composition -2.11 (.81) 0 (1.37).
 

Exogenous Variables
 
-'-Adolescent schooling, .226 (3.89)- .373 (261) .235 .(414) .240 (328)
z 

(4 .24 (3 .)j..,. , n ,., . :. ... (2.. 61 .23 


z Index of demand for,
 
female labor services, .0245 (.71) .196 (1.65) .0256 (.-74) .117 (1.62)
 

S 7 Unemployent-.329 (1.74).. .0361 (.11) .327 (1.73) .156 (.72)
 

Dum (1960 =1) -6.80 -(1.76) t.8 .(105) -5.79 (4.71) -2.98 (1.09)
 

•:Constant - .. -2.9. (50. -294'. (1.40) -7.46r- -. (1.52)_ -8.32 (.61) 

Note: Vd
 
-Variable-not 
 included in regression.
 



Appendix D
 

1EGRESSION RESULTS FOR EQUATION I WITH INFANT DEATH RATE AS THE MEASURE OF MORTALITY REGIME 

Table D-l
 

EQUATION 1: ,-CRUDE BIRTH RATES WITH'INFANT DEATH RATES, z AS MEASURE OF MORTALITY REGIME
 

Deviations from Municipio .1'' 

Variable Levels Means - '.Transformed Variables 
"iypeor,:tstimate OLS IV OLS - IV OLS -IV-. 

2_ .239.. .551 '.532' 

F L6.88 -18.70 16.80 

Endogenous -variables-

Y Female labor force.participationrate -. 0215 (.61) .161 (1.02) .0525(1.76) -. 376m (1.95) - -. 0269 (.64) -241" (1.95) 

Income (100,$) -.731 (4.53). 3.26 (1.65) -.742(4.07) 2.61 (2.'27) --. 564 (3.33) .- 1.15 (.69) 

y4 : Legal marriage .348 (31.74) -3.01 (3.28) .993 (7.84) 2.36 (2.63).- .787 (7.16).: 2.84 (2.56) 

YS! Consensual marriage .530 (5.97) -- 766 (.99) 1.001(10.6) 3'l8 (6.09) .932,(9.93)1 3.00 (6.58) 

female age .ndex.of 
;6. 'composition.- : .185 (3.19) -1.91 -(2.29) .142 (2.49) -.650 (2.72) .191 (3.47) -.109i(.28) 

Exogenous variables 
zAdolescent schooling .0208 (.59) -. 08 (3.00) -.0557 .29) -.272 .4 -0 -0767 (.7) 

Adult edu ton .899 (3.23): -.533 (.49) -. 641 (2.47) 3.30 (4.15) -.523(2.02) -2.05 (2.01) 

z 9 -,3): -.Infant death
 
rates lagged three
 

. 

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

z.(-4): Infant death. 
rates lagged four 
years - . .00193"(.18) -.00774 (.28) -. 0117 (2.08), -.00367 (.40) .0129.(2.26) .00074 (.08) 

z6 : Unpaid family workers .688 (6.59) - 1.82 (4.07) -. 369 '(4.27) -. 651 (4.37) -. 304_ (3 .48):".609(4.53) 

Cons tat 5.21 (.79) 273. (3.72) a a -3.95 (1.85)" -35.2 (1.88) 

http:00989(.90
http:523(2.02
http:742(4.07


Table, D-4:. (continued) 

Deviations from Municipio
Varable Leves : Means; Transformed Variables. 

Type of Estimate* OLS 
 IV: OLS IV OLS IV 
(7) (8( - 9) '(10) (11) (12)
2':
 

R 
 .229-
 .548 
 .525
 

.F
 

Endogenous variables:. 

2 -: Female labor -force 
.,,.participation rate .004W68 (.4) .l7. (1.36) -.0620-;(2.09) -.353 (2'.19). -. 0902,: (3 . 2' (1.90) 
Iy:Income (100 $) -.604 (3.84)--. 877 (i.82) -.704 (3.86) .936 (1.15) -.475 (2.82) .822 (1.09), 

34! Legal marriage 321 (3.44) -1.91 (4.1-) .;993 (71.82) 2.53 (3.39) .750.(6.80) 2-99 .(4.71) 
y5: Consensual marriage .511 (5.73)-, .979 (2.14) 1.06, (11.4) 2.49 (6.53) .988 (10.7) 28 

Index of female age 
c-:.....ompiosition 

Exogenous variables.
 

Sdolescent: schoolin .00114 (.03) -.313 (4"'.01) 
 -.0749 (1.75) .191 (2.15) (12 - 1 .
1 

:. Adult-education 1.02 (370) .542'(.94) .18 


z :3): 


4 --. 710 .(274) (3.83) -.580 '(2.23) -1.83 (2.96) 

Infant death rates
 
lagged three years. .0139 (1.26) -. 0253 --.(l.,53)< .00893 (1.54) .00599 (.82) .0108 (1.82) .00550:(.70)
 

Sq(-4):'Infant death rates, 
lagged four years .-.00469"(.44) -.0214 (1.35) .0107 (1.91) .00454 (.63) .0122-(2.12) .00174 (.23)­

,z :;_Un,.a ms .730,1-(7.00). :.978 (6.43) -.386 (4.47) -.560 (4.62) -.321(3.65) -.607.(4.65) 

-z..T:np.-_ f-mily.workers .0 (.00)... .97 j -Constant 11.4'(1.860) 151. (5.03) 
 a' a a 'a -1.36 68)~ -738.9-(3.9) 
- ~--- : 89 0 = .921 ~ 

Notes:
 

.Intercept suppressed.
 

Variable not included.
 

http:607.(4.65
http:321(3.65
http:730,1-(7.00


Appendix E
 

Table E-1 

MEANS AND STANDARD DEVIATIONS OF DEK'vm) vARIABLES, SED IN"
 
REGRESSION ANALYSLI
 

Derived 
Variables Mean 

Endogenous 

Y 37.7 

72 18.6 
Y3 4.74 

Y4 44.4 

Y l4.5 

Y6 32.8 

.996 

.804 

Y 20.4 

1.02 

51.0 

Y971 

Exogenous 

• ,.Zl 67.8 

Z2 45.6 

78.5 

z4 3.34 

1950 

Standard 

Deviations 


4.49 


8.48 
1.46 


5.30 


5.37 


2.44 


.0945 

.0899 


.273 


.109 


..
"800 


.135 


6.18 


8.37 

21.6 


.743 


z5 (-3) 11.6, 2.34 

z5 (-4y 13.2 .68 

Z3.72 2.65 

4.03 2.33 

z 
8 

49.8 J15.2 
-

"1960
 
Standar
 

Mean Deviati.
 

32.9 5.57
 

16.1 4.90. 
6.87 2.32
 

47.7 3.94 

8.67 3.55
 

30.9 4.54L 

.927 .122 

.737 .135 

19.5 .443
 

.946 .141
 

49.7, .975
 

9.36. .210­

- 82.7 5.77 

52.9 L7..27 

81.2 18.5
 

3.96 .967
 

6.76 .1.26
 

6.98 1.31 

1.25 1.21
 

5.57 1.66­

36.3 14.9
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SULMARY OF DERIVED VARIABLEIS 

Symbol Brief Description
 

Endogenous Variable 

YI Crude birth rate 

Y2 Female labor force participation rate. 

Personal income (100 $) 

Y4 Legal marriage rate 

Cons~nsual marriage rate 

Y6 Age',index of birth rates 

Y7 Sex 'ratio (M/F) age 15 - 34 

Children (0-4) per woman 15 - 49 

Y9 Age index of female participation rates 

YlO Adul.t sex ratio (M/F) 1.5-64 

Yll Age index legal marriage rates 

Y12 Age index consensual marriage rate 

rable 2)Migration variables (see
Y13 Y2 4 


Exogenous variables
 

Zl Schooling rate, age 7-13
 

Scholing rate, age 14-17
z2 


Index of demand for female labor servicesz3 


Adult schooling (years)z4 


Crude death rate
z5 


Unpaid family workers
z6 


z Une'ployment rate
 

Agriculture
z8 


zq Infant death rate
 


