ECONCMIC GRONTH CENTER
YALE UNIVERSITY
P.0O. Box 1987, Yale Station

27 Hillhouse Avenue
-New Haven, Connecticut 06520

CENTER DISQUSSION PAPER NO. 464
MIGRATION SELECTIVITY AND THE EFFECTS OF PUBLIC PROGRAMS

Mark R. Rosenzweig*
University of Minnesota

and -

Kenneth I. Wolpin
Chio State University

Decaﬁber 1984

Notes: *Authors are Research Associates at the Econamic Growth Center.

The research for this paper was supported by the United States
Agency for International Development under Grant No.
OTR-0082-G-SS-2342., However, the views éxpressed in this paper
do not necessarily reflect those of AID.

Center Discussion Papers are preliminary materials circulated
to stimilate discussion and critical cament. References in
publications to Discussion Papers should be cleared with the
author to protect the tentative character of these papers.




The use of cross-sectional data to estimate models of consumer or

household behavior or to evaluate public programs has a long and continuing

=]

tradition in economics (e.g., Feldstein (1978), Meyer and Wise (1983),
Johneon (1983), Pencavel (1984)). The treatment of cross-sectional or
area-specific variation in prices or program characteristics as exogenous
wouldvappeer, however, inconsistent with the Tiebout hypothesis (1956) that
agents, heterogenous in preferences or endowments, locate in response to and/or
select 1oca1 program levels according to those preferences. If so, cross-
seetionai correlations Between the observed behavior of agents and relative
priees or orogram'levelsvwill not corresoond to trqe price or program effects
for any individual agent?

While some studies have shown that local laws reflect the preferences of
1oca1 populations (Landes (1980), Farber (1984)), such studies appear to assume
that interregional dlfferences in populatlon preferences are exogenous.
'Heterogenelty and selectlve—migration imply, however,‘that site-specific changes
in prlces or programs, whatever their source, will alter endogenously the char-
’ecreristics.and size of the population at rhe site, possibly inducing coﬁse--

. quencee unanticipated b§ the law-makers. Todaro's classic article (1969)
presents a theoretical example in which non-selective migration thwarts the
intended effects of an urban job creation cum minimum wage program. A local
program altering relative prices, however, may also induce countervailing
changes in the population via migration selectivity; e.g., a locality initiating
a program subsidizing health care might attraet low-health households. Lack of
attention to selective migration thus makes inferences about the effectiveness
of a program ro be implemented nationally based on local program initiatives

potentially misleading.
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Despite the importance of location-choice selectivity in local public

goods theory ana in the evaiuation of public programs, there have been few
attempts to test directly for the existence of selective migration (an
exception is Schultz (1983))or to test predictions for how migration responds
selectively to changes in relative prices.1 Yet, how the characteristics of
agents change across activities or locations in response to relative prices,
“i,e., the selectivity rules, are clearly dual to the price-theoretic implica-

‘tions for the observable’behavior of a given agent and thus are themselves

:subject to verification.2 In this paper we consider how ; price change or
1program subsidy that is location or site-specific affects the composition
. of re51dents via selective mlgratlon and biases evaluatlons of the effectlve—
ness of’the local program. In particular, we assess the consequences of a
51te-spec1f1c program sub31d121ng human cap1ta1 1nvestment in terms of shifts
in both populatlon comp031t10n and a representatlve household.s resource
allocatlons when opt1m121ng households that are heterogenous in preferences
and in their endowments of human cap1ta1 are free to choose locat1ons in
response to changes in iocation—specific prices.

| In Section 1 the theoretical framework is descrlbed and implications are

derlved for how populatlon preferences and endowments shift within a locality

in response to the human capital subsidy. We show that under plausible assump-

tions and under all forms of heterogeneity a program subsidizing investments
in children attracts high-income households with small families; children in

such households, ceteris paribus, may exhibit IOW'or‘high levels of human

capital, however, depending on whether the principal source of heterogeneity
is in tastesor endowments. The relationships between the biases in estimates
of the program effects and sources of heterogeneity that arise from selective

migration are also derived. 1In Section 2, unique longitudinal data from
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Colombia describing the consequences of a local health subsidy program
are used to test the.implications of migration selectivity. The findings
confirm the existence of selective migration. The child health care
program evidently induced in-migration by households characterized by high
income but, within income groupé, households with iow—fertility and low
child health were attracted to the program site. These migration patterns
are shown to be consisﬁent with the-hypothesis that heterogeneity in health
endowments dominates‘thatvin_tastes within the population. We also show
ﬁﬁat_as a consequénce of this form of heterogeneity, the'effectiveness of
the program based on cross-child differeﬁces in health and.programvéxposure
isiconsiderably o§eresﬁimatedAwhen selecfive migration is ﬁot taken into

account,.

1.. Modeling‘Migrant Selecﬁivity

~a, Heterogeneity and Migration Seleétivity:- Who Migrates?

Consider an economy-consisting of heterogenous households in spatial
edéilibrium: all potential profits from.migration are zero; i.e., no
‘household, net of migration costs, can iﬁcrease its income by changing
1ocation. Decisions by househoi&s are characterized by the static, lifetime

optimization problem in which the ith household maximizes

(1) v @, N, zh b,

where N1 = number of children in household i, H1 = average human capital of
children in i, Zi = composite consumption good and 0 is a vector of household-

specific taste parameters, subject to the human capital production function

(2 w=ud; gl o,
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where Xi is the per-child human capital input, Bi is the household's tech-
nology parameter, and ui is the household's human capital endowment, and

the lifetime budget constraint

(3) Y= Pxxi + PNNi +2°,

3

where Yi is income, Px is the input price and P the price of a child.

N

Assume that all prices are identical across all locations but that at
a particular site a program is initiated which pays a subsidy s per unit of
the human capital purchased input.  Each household not at the program site now

faces a potential migration decision. If the household migrates to the site,
the price of the human capital input is Pi and lifetime income is YS , whéere
si . : : _

Y ' is income at the program site net of the cost of migration and the pro-

gram tax, which is assumed to be lump-sum and levied on all residents.

Let V(PX, Yl; al, Bl, ul) be the indirect utility function derived from
maximizing (1) subjéct to (2) and (3); the difference in utility dV between

migrating and not migrating is then:

' . i i
(&) avt = %;— ap, +3V—i- av,
X oY
. av/ap,,
Roy's identity, i.e., - X = 5775?2 , yields the migration decision rule
i .S Si i
(5) migrate iff = X (Px - Px) +Y -Y >0,
S S . . S
where Px < Px, Y" < Y. If the subsidy is proportional to PX (PX = (1-s) PX)
i

and migration cum program costs are proportional to income (Ys = (l—Cl) Yl)

this reduces to

i

: : P_X i
(6) migrate iff X. > ,
yi s

namely that the household migrates if and only if the income share of the
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human capital input is at least as large as the ratio of the proportional
migration cost to the proportional input subsidy. Notice that a secondary
condition for migration to occur is that C < s. 'If the subsidy is absolute
S i

r, = Px - s) and the migration cost is also absolute (YS = Yi

i
X -C)'

then the decision rule is

i Ci
(7) migrate 1iff X >—1;- .

Migration rule (7) can be used to derive the rﬁles for mig;ant selectivity
by ellowing the fundamental taste, technolegy and endowment parameters to
vary in response to changes in relative prices while holdlng constant the
1eve1 of the utility differential between the origin and program sites.'
The characteristics of the "marginal" migrantvhousehoid, the household that
is just in&ifferent between moviﬂg to the site or not-migrating, must change

- with migration costs C or the site subsidy s according to:

daX;-1 ,1 C o =
(dr) (;dc--s_z' dS), r_a: 8’ u’Y

(8) dI =
where eupetscripts are droﬁped to indicate that (8) &eseribes a change in
rthe type of household rather than the response of a given household.v

Clearly, from (8),eny characteristics of the household that increase
the demand for the human capital input X must increase as C increases or
must decrease as & increases in order to maintain the indifference. To
discover how the observable characteristics of migrants vary with the
program subsidy and/or migration costs it is thus necessary to specify
how the unobservables o, 1 and B affect household decision rules. Rosenzweip
and Wolpin (1982) treated the special case where the human capital endow-
ment is . additive, i.e., H = H(X; B) + u, and derived general expressions

for the influence of the endowment on the human capital input and on fertility,

namely




i P i

: -
0 & X gt & 4 &K B, >0, By <0
du B X X day
» i i i
K" =X, N

The effects of Y on the demand for X and N thus depend on the usual
Hicks~Slutsky compenéaced price and income effects. if the fertility and
the_human capital of chil&ren are Hicks-Slutsky substitutes, as has often
beén found (e.g., gosenzweig and Wolpin (1980)), and income effects are
small relative fo price effecﬁs, then a‘reduction in migration éosté and/or
_an_increéseAin the site subsidy would attract migfants with both higher human
capital‘eﬁdowmenfs and larger family size,  If income_effécts doﬁinaté price
| effects,'and'are pésitive; then lower'migfatidn costs or a higher site sub-
Vsid& induce, within income groups, less—eﬁdoﬁed and lower-fertility in-migrants.

’ ‘To'ggnerate predictiops fégarding the consequences of tastes and endow-
meﬁt heterogeneity for migration selectioﬁ due to the initiation of a site-.
ASPecific program subsidy requires thatLadditiénal structure be imposed on the
' hoﬁsehold pfoblem. :Consider a model in whiéﬁAtﬁe utiiity function is quadratic
and the technolbgy is linear for each Hoﬁéehold i: |

. 2 2 2
i i i i i i i i i i. i i, i
(10) U-alN—aZN +a3x-a4x +a52—a6z

and

“an m =it +d,

which when solved in terms of the exogenous parameters yields the demand

equations:

i

i ii i i i i i
1 w{a 3~ 2y a 4) + (a 2(Za 6Y - a S) - o, GPN)

(12) X :
gl2ea, 0" + ¢h)




where wi = Bi (ui2 + ui6 PNZ), ¢}= a12a16Px2 > 0. Note that, in accord with

most empirical findings, X and N vary inversely.

Assume that there is potential (unobserved) population heterogeneity
in al and a3, reflecting prefereﬁces for family size and human capital, and
in the endowments W and B. Priox to £he introdqction of the program, the
prograﬁ-éite and potential migrant populatiéns are on average identical

with respect to these fundamental parameters. As the subsidy 1is raised

the cétgris:paribus changes in these taste and endowment parameters and in
inéome (Y) that will characterize the marginal mig mnt, from (8) and (12), -

are given by (14):

da 2(a v+ ¢)
F g apr 120
s xpn
‘du3'
- — [2a, + ¢/Y] <O
A ds s2B ‘ 4
(14)

du_ ¢ o
== —=—[1+ ¢/Ya,] >0
ds SZB ) 4

CP
dy

P —Bov [(oy - 2m) b+ 6) + 2Py (O + ay(ag - 2071 (2570, (a0 + &)

Four polar cases with respect to heterogeneity are of interest: Suppose
first that the populations are heterogeneous only with respect to tastes for -

family size and human capital investments in children. Specifically, let only

a11 or a13 differ across households. From (14), as the subsidy increases, the
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migrant population as it becomes less selective will be composed of increasingly

higher a, and increasingly lower a, households. If tastes are the only source

1 3
of heterogeneity, observationally identical migrant households will thus have
fewer children who on average will be of higher "quality", since dN/dal,

dX/da3 > 0 by construction, and

i i S
wl " (o, + 9
(15) - .
%N
S T

With heterogeneity in the additive health endowment M only, increasing
the subsidy énd thus reducing selectivity will draw households with higher
enddwments, since more'endoﬁed households, for given money income, will have

a lower demand for X:

i
Lae Ly

S =-1B(L + o/va )1 < 0.

In contrast to the tastes heterogeneity scenario, lower-u households, despite
- their higher demand for human capital inputs, will always have children

characterized by lower levels of human capital, as

i . 1
di dX’ _ -1
(17) Eﬁi 1+ Baai— [1+ WQ4/¢] > 0.

When there is hetefogeneity in the additivé endowment, migrants attracted by
the program subsidy will thus be observed to have lower levels of human
capital. Thgy will also have, as in the first case,‘fewer children since,
as indicated in (7), high-X households always migrate and, from (13), X and
N vary inversely.
When heterogeneity exists solely in f, the return to the input X, in-migrant
households may have either lower or higher levels of human capital (express-

ion (14)). However, whether or not high-B (and thus high-H) or low-8 (and
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thus low-H) households demand higher levels of the X input and thus migrate
to the program, such migrant households will have smaller families.a A
human capital subsidy program will thus tend to attract and to serve dispro-

portionally households within income groups characterized by low fertility

whether heterogeneity exists in tastes or in human capital endowments.
If‘the principal source of heterogeneity is in the latter, however, the
program may attract, within income groups, households with lower levels of
human capital, while tastés heterogeneity implies that the program will
principally serve children already characterized by higher levels of human
capital. |

Independent of any heterogeneity in umobserved, fundamental parameters,
however, if income effects afe pbsitive (as they are in the model),,migrénts
,will have relatively high income. In the third polar case of no heterogenelty,
migrants w111 thus tend to have larger families and chlldren with higher
levels of human capital, as long as the program contains no means test pro;
visions, but within_income~groupsvmigrant and resident households will appear
identical.

b. Program Effectiveness and Program Effects

Consider now the problem of evaluating a human capital subsidy program
when the program is located at a specific site and migration is potentially
self-selective. The average human capital h in a population of obser-

vationally identical migrants and residents at the program site is given by:
(18) h = thM + thR’

where fM and fR are the relative proportions of (post-program) migrants

and (pre-program) residents in the population respectively and hM and hR
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are their average human capital levels. Note that hM is the truncated
mean of the non-site and site populations when such populations have the same
distribution prior to the'program. A change in the subsidy, s, will induce

a change in the average human capital stock according to:

' - df dh,,
dh _ M ;
(19) G =Yrta My -hp *Hny -7 * iy o
where Y and Yy are the respective average program subsidy effects on the
levels of human capital in the resident and migrant populations; i.e.,

-BdX/dp dfM/ds is the shift in the proportion of migrants in the popula-

x*
‘.tion due to a change in program attractiveness, and‘th/ds is th¢ change in

the mean human capital of the migrant popuiation due to migrant Selectivity;

i.e., (dI/d9 (dh/dl) from (8), where T = o, u, 8. |

The totai effect of a change in the locally-implemented progtgm subsidy

on the'average human capital in the site populatioﬁ, given by (19), thus-

dépends on (i) the direct effect of the subsidy oh human capital investments

by the:priginal, resident.population,»(ii) the hagnitude of the compositional

change in the pbpulation via migration that is induced, weighted by the differ-
Aential iﬁ,mean human capital levels between the migrant and resident populatiohs,
(iii) thebﬁagnitudé and .sign of the difference in mean program effects in the
two sub-populations, and (iv) the changes in the mean human capital of the
migrants caused by the arrival of new, selectively drawn migfants, who
wili differ from those migrants already present. The average "effectiveness"
of a program subéidy, the effect of the program if it were not site-selective
(provided in all sites ("globally")) is given only by the.fifst term in (19),
if all pre-program site populationé have the same mean characteristics or
if the pre-program site population is representative} It is thﬁs clear that

the bias in the estimate of program effectiveness based on the program's
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site-specific effects, given by the sum of the last three terms in (19),
will depend on the source and magnitude of heterogeneity in the overall
population and on household decision rules.
In the case in which taste heterogeneity dominates (variation in

u3), the expression for the bias, derived from the model described by

(10) and (11), is:

daf f
@0) - vy = gy = g (o + ¢ R w7
X
Bc
-f =,
M2

. where a3M and a3R are‘the mean_human capital tasté parameters for

migrants and'residént55 The selectivity equation (14) implies, as noted,
that migrants will have‘higher.average tastes *for human capital (a3H > a3R).
Thus the first term in (20) is positive, since a higher shbsidy attracts
more higb—a3 and thus high-H migraﬁts (dfM/ds > 0). Moreover, thé (higﬁ-a3)
migrénts react more positively to a subsidy than do residents.5 The last

~ term in (20), i.e., do, /45, from (14), multiplied by dh, /da,,, Erom (11)

3w
ahd (12), is negative,.however, reflecting the marginal decrease in the
selectivity of the migrant popuiation associated with the higher generosity
of the subsidy.6 Since this last term is a second-order effect, (20) implies.
that the estimated effect of a site-specific subsidy on human capital will
represent an upper bound estimate of the effectiveness of the same program
applied globally when variation in preferences for human capital is the
priﬁcipal'source of population hetérogeneity. Due to tastes heterogeneity,
loéally—implemented human capital subsidy progr;ms will thus éppear more

efficacious than they really are for the average or representative

household.
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When heterogenei;y is confined exclusively to endowments, however,
the bias derived from the model cannot be signed even when the soﬁrce of

heterogeneity is the additive endowment. The bias in that case is:

dh . -1 4y fy -1
(21) 3s - 'R (uM - uR) (1 + war/¢) f‘d‘;,‘.g (@, + ¢/¥) 7]
-~ BCY
+ £ =T,
M szw

whéreipu and uR are the“mean human capital endowments in the migrant
ana'resident populations. In this case, as was shown, the subsidy attracts
low-endowment (énd low-health) migrants (uM'<'uk); hq&ever; the hﬁman
'ﬁapital investments byA(leés-énddwed) migrants respond more stroﬁgly to the
sﬁbSidy thaﬁ'do thosé by residents. _The:net cbntriﬁution of the ﬁegative
compositional change and the positi&e differential in sﬁbsidy effects

vto thé progfam effect biaé cannot be predicted,  When endowment variation
s predominant, then,ﬁo inferences about the globally applied prograﬁ ,
effect on human capitai caﬁ be made ffom the estimates of thé éité-specific

bragrém effects, un1ess migration selectivity is taken into account.

Therefore unlike in tﬁe previous case, when there is endowment heterogeneity,
"'a human capital subsidy'program could lower the average human capital in the
ﬁopulatioq at the site in which it is implemented as a result of migration
selectivity even if it augments the human capital of any randomly-selected
household.

Similar expressions can be derived for the selectivity biases in the
estimated effects of a human capitallsubgidy on family size. In both the
tastes and additive endowﬁent heterogéneity cases, selective migration will

lead to a negative bias--the human capital subsidy attracts low-fertility
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households in both cases, as was shown, and the negative response of fertility
to the subsidy is stronger in both the low-u and high-a3 households, who make
up the migrant population. Selective migration is likely to make a site-
specific human capital subsidy program appear more anti-natalist than‘a similar

but globally-applied program.

2. Empirical Application

a. Migrant Selectivity

. To test the migration selection hypotheses requires a data set that at
a minimum identifies migrants_and residents at a specific site or sites and
' provides the characteristics of both groﬁps ﬁefére and after the implemen-
tation of anﬁ/orbchanges in a public program. 1In 1968, a program
prbviding home-based preventivelﬁnd maternﬁl child health services was
initiated in a small vi;lage in Colombia; Candelaria, and detailed longi-
tddinai information was collected from 1968 to 1974 on the éharacterispics
of parents and on the health of childreﬂ aged less than six. All households
present in:Candelaria #t any ;imevduring the seven-year period with é
;hild under six years of age'were included in the program, in which nurse-
volunteers ("promotoras")'visited eaéh household approximately every two
months;7 Since Candelaria is a small village which serves in part as an
"intermediate" stopover for many migrants from outlying rural areas to
Cali, information on opportunities in Candelaria is disseminated relatively
rapidly in outlying areas aﬁd in-migrants make up a significant proportion
of the population. While the Candelaria data are thus unique.in permitting
identification of ;n-migrants and residents‘and in providing fré—program,

baseline data on both migrants (at time of entry) and residents, there is




14
no information on the characteristics of migrants at origin or of the
general origin populations. Thus, the health of tne children of in-migrants
to Candelaria can only be compared to Candelaria residents, although com-
parisons of the fertility of migrants with non-Candelaria, origin populations
are feasible, given the availability of the 1973 Census of Colombia.8
Pre-migration characteristics must also be estimated.

In order to test for the existence of as well as to characterize the
source of migrant selectivity, if any, arising from the incentives created
by the Candelaria program, we need to compare, within observationally-
:identical groups, the pre—program_family'size and some measure of the pre-
progran human'capital of:the cnildrenpof’migrants (nouseholds who came to
‘ Candelaria after 1969) and residents (households residing in Candelaria when
the progran was initiated in 1968) We use the age-standardized weight of

children as a measure of human capital since veight is the Only health

outcome collected in all years of the program. Because the standardization
' required is one that is independent of the program and relevant to the
population studied the average weight in 1968 of (resident) Candelaria
children for each age-sex group is used as the_standard; that is, the
age-weight distribution,in effect at the initiation date.of the program.
Since some ages (in months) were not represented in this group and others
had relatively small sample sizes, a fourth-order polynomial regression of
these mean age-specific weights for each sex group was used to smooth

the base. .A child's weight-for-age was thus defined as the ratio of the
weight at his/her own age to the standard weight at that age.

| Table 1 provides the sample characteristics of resident and migrant
families. As hypothesized in the previous section, migrant households have.
higher (age-standardized) incomes on average, although the slope of the

migrant age-income profile is less steep for migrants. Migrant families also




Sample Characteristic:

Table 1

Resident and Migrant Families

Resident Families

Migrant Families

-lifetime children
exposed to program
Number of families

208

280

Variable/Statistic Mean S.D. Mean S.D.

Pre-program children 4.49 2.75 3.22 2.46
ever born '

Pre-program mean child .994 .129 .997 .151
weight-for-age, 0-6

Income ; 959 N 1130 597

Income when entered 720 304 1007 594
program ‘

Log of income, father 6.53 134 6.88 .319
aged 20 years .

.Slope of log-income .0198 .00857 .00705 0154
profile, father :
aged 20 years

Curvature of log-income -.791 .383 -.617 .430
profile (x16-3) ,

Years. of schooling- 2.54 1.52 2.66 1.63
mother »

Years of schooling- 2.76 1.58 2.98 1.54
father _

Age of mother 28.3 6.31 26.2 6.88

Age of father 34.6 8.97 32.1 8.38

Mean program exposure = 18.4 6.32 10.8 7.36
of children 0-6
(months)

Mean proportion of. .619 .213 .475 .295
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had fewer children than resident families prior to entering the program and
lower fertility than that for all rural households in Colombia (1973 Census
of Colombia). While this differential conforms to the prediction of the
theoretical analysis that low-fertility households would be most attracted
to a progfam subsidizing human capital investments, whatever-the principal
soﬁ?ée of heterogeneity, migrant parents are also on average younger, more
educated and wealthier than resident parents. Differences in family size
may thﬁs be due to these differences in observed characteristics and tests
for selectivity must be ﬁerformed within observafionally identical groups.
Estimation of the household demand equations for fertility and health is
thus reqﬁired to invéstigate the sources of heterogeneity and selection;
As ﬁas déﬁpﬁstrated, tﬁe existen;e df hetetogeneity in tastes, tech-
nology and/or endowments implies that all of the-cogfficients of household
’déménd‘eqﬁatiqns will be family—spécific. ‘This suggests the follOWing
estimating relationship:

22 Kl - xlgl + el

where K# is either the pre-program children ever born or_(lég) weight;foro
age variable for family i, Xi is the set of exogenous characteristics of the
household conditioning these choices, gi is the family-specific parameter
vector, and ei is é-random term.

It is assumed that:
18:1 _ |Y
ELq-H

@ v[t]-; &

- g

where A= ;02
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This is the standard random coefficients model; the estimating equation (22)

may be written as

1%
3

20) K =vly ¢
where Si*; (gi - ‘Y)~Xi + Ei. Since the}ei*'s are heteroscedastic, a general-
ized least squares (GLS) estimator will yield consistent and efficient
estimatés of the p's and 0's. Selectivity implies that the means of the
family-speéific parameters y will differ across the migrant and resident
populations.

The demand equationms (24) must be modified to take into account the

1ife-cycle nature of fertility and child health investment decisions, not
incorporated, for simplicity, in the models of the previous section.
First, health.is a stock that is presumably a function not only oficurrent
‘ inputs but 6f all inputs applied in the past, and cﬁrrent family size
also reflects past fértility decisions.» Thus, the reduced form health and fertility
demand functionswill contain the determinants of all current and past inputs.
Second, in a life-cycle contextvwitﬁ perfect foresight, input demand,
health demand and fertility decisions at any point in the lifeebycle’will
depend on futurg, current, and past income and prices. Log income age profiles
were thus estimated for residents and.migrants separately using all rgported
income datavpoints‘over the seven-year sampling period and information on
occupation, age and schooling attainment.

For migrants, as noted, income prior to migratién is unavailable. To the
extent-thét there is an important structural shift in the income profile associ-
ated with migration, the profiles of migranis may bé misrepresented. To ascertain
‘if this absent information could account for any differences in parameter esti-

mates obtained across the migrant and resident populations, we also estimate
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\
& child health equation based on the subsample of children born after the pro-
gram was begun and/or after migration to Candelaria. For this subsample,
children of the same age do not differ with respect to their exposure to the

program and information on actual family income is available for every year

of the child's life whether the child is from a migrant or resident household.

The household log incomeprofilgis measured'by-three statistics:
the constant in the log income equation‘évaluated at husband's age =
20, the fiist derivative»evgluated at husband's age = 20 and the second
derivative; These terms differ in the samplé byvtﬁe level of husband's
education and husband's:QCCupation.k Mother's schooling is included in
(24) as an obsérvable éhafacterist1c that may'shift tastes,'technologQ
or endowment pafametefs. Mother's age ié also included in thé children
ever born equatioﬁ as.a'life-cycle standé%dization; it is not included in
-thé weight-for-gge equétion, since :hat is already appropriately age-
standardized.

Table 2 presents the relgvant random~coefficient GLS demand equation
Vestimaﬁes, the first columnbforAfertility (children ever born) prior to
entry into the program and the sgcond colﬁmh'for'the pre-program (log of)
mean child weight;for-agg; The third éolumn reports OLS estimatés for

the (log of) standardized child weight for children born after program

entry. Only OLS estimates are reported for that subsample because the GLS

procedure produced a largé number of negative variance estimates of household-
:specific parameters. The reported t-values in column 3 may therefore be
biased, although the coefficient estimates are consistent.

The three specifications reported include only an intercept dummy variable

taking on the value of one for resident households in order to distinguish
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migrants from residents. Regressions which are fully interactive with respect
to the residence dummy, as are indicated by the theory, were also estimated,
but are not reported since the overall story is unchanged with the more par-
simonious specification. Most of the estimates of the individual interaction
coefficients were not measured with much precision; however, F-tests reject
at the five percent significance level the hypothesis that the migrant and
resident pre-program demand equations are identical. Migrant selectivity is
indicated.

The'set qf resident dummy coefficients reported in Table 2 confqrm to
the scenario in‘which»endoﬁment’hetérbgeneit§ dominates tastes hetero--
geneity; Withiniincome/schooling gtoﬁps, migrants to Candelaria had both =
lower pre-program femily'size and children with'lower age-standardizedrweight
upon entry and after compared to residents. These findings thus suggest that
the immigrants drawn to Candelaria were selected not only from- the upper tall
of the income distribution (Table 1), but, within income groups, were self-
selected from the lower tail of the endowment (V) distribution.9 Evidently,
the slightly highet child'weight observed-for migtahts at entry in Table 1
is‘due‘té the higher household income of migrants; the estimated income
level coefficients in columns 2 and 3 confirm that higher income households
value health human capital more highly (one-tail test, five percent level).

b. Evaluation of the Effectiveness of the Candelaria Program

The single-site sample design of the Candelaria data set would appear
to preclude any evaluation of the promotora program, since all households
face the same subsidy. However, in a life-cycle context the total subsidy
varies across children to the extent that cﬁildren of the same age were

exposed to the subsidy for different lengths of time, a greater number of
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health inputs being subsidized for children within the same age gréup but
exposed earlier to the program. There are thus two sources of variations

in the total program subsidy: First, since the dissemination of 1nform;tion
about the Candelaria program to outlying areas and migration itself takes
time, children of migrants, while facing the same subsidy as the children

of residents when they arrive, will not be exposed to the program for the
same 1ength of time, given their ages, as resident children. This differ-
ential is evident in Table 1; mean months of program exposure for migrant
children is 1éss than 60 percent that of resident children. Since our
resu;ts indicated that migrant children havé lower healtb (due to selection),
use of the cross-child variation in program‘exgosure ;6 assess the impact

of the ﬁrogram without attention to migfant selectivity vould appéar’to
resulf in an upward bias in the estimate of program effectiveness. However,
we aiso Showe& fhat low-u households may‘respond more positively to a human
qabitél subsidy; the direction of the selectivity bias in the pfogram exposure
esti@afe is thﬁsrambiguous.

Thévsecond source df variation in_prdgram‘exposure arises_from variation
in theubirth dates of resident children wﬁo were born prior to the program
(1968). For such children,.the‘sémple would appear to approximate an
experimental design as long as the program was unanticipated. However, since
children born at later dates on average are born later in their parents’'
life-cycle, the cross-sectional variation in program exposure among resident
children may also be correlated with their health endowments or with parentél
preference$ for health, if these characteristics also influence the timing
Ahd spacing of births.loA relationship between program exposure and health
might thus exist in the absence of any true program effect even among children

1
of residents.1
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To assess the consequences of migration selectivity for estimating the
effectiveness of the Candelaria program thus requires attention to both
sources of potential bias arising from the use of exposure information to
measure subsidy differentials. The longitudinal data on the health of
~individual children permits this separation. Consider the reduced form

estiﬁating equation for child-specific heelth:
(25) Hij = yij Eij + uj + eij,

where H 1] is the health of child j in family i, E 1] is the length of program
exposure Y J is a random coefficient on exposure, uj is a child-spec1f1c

i3

health endowment and €7 is a random time-varying health component. All

other family characterlst1cs are suppressed for simplicity. Population hetero-

geneity implies that Yy i3

differs across children if health endowments

differ, since, as we have shown, the effect of s on the demand for the human
capital input X depends upon fundamental parameters. Program exposure,
‘which depends on the child's date of birth and/or on the timing of migration,
may be correlated ﬁith the unobserved health endowment ‘as a result of timing

and spacing decisions and migration selectivity. With multiple observations

for each child, however, a random coefficients fixed effect estimator can

12

\

be used to purge out the family and child-specific health endowment.

Rewriting kZS) in differential form yields
(26) autd = (13 apid 4 pctd

GLS estimation of equation (24) provides a consistent estimate of the program
exposure effect for the sample of resident-household children. However,
if migrant-household children are included in the sample, the dlstrlbutIOD

of the y. 's will be truncated when migrant households are not randomly
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drawn. This leads to the standard sample selection problem, since
E[(Yij -v) AEij + Acij|m1grant] ¥ 0.

To obtain a consistent estimate of the program exposure effect, and
thus the effectiveness of the program, it is thus necessary to restrict
attention to resident children born prior to the program or to attempt to
correct for the sample (migration) selection. We refrain from émployinglone
of the standard sample selection correction procedures (Heckman, 1979; Olsen,
1980) since that would entaii imposing fﬁrther, and arbitrary, structure oh-
;he problem. The.resident subsampie should be large enough to permit precise
- estimation of the program exposure effect and thus an assessment of bias due
to se;ective ﬁigrationf |

Table 3‘reports estimates of the program exposure effects fof both the
full:sémple of children (inclusive of migrants) and the sample of resident
children. Estimates from two specifications are reported, a linear speci-
fication in which the exposure effect is assumed to be identicai across
education/income groups and an interactive specification, which allows
('exposﬁfe effepts to différ by parental characteristics, as is consistent with
our linear-qﬁadfatic example.13 Both specifications are estimated using |
ordinary least squares and the GLS random-coefficient fixed éffect estimator
FE-RC). For both samples and both estimation procedures, however, F-tests
reject the linear épecifications; Table 4 reports the per-month exposure
effects on standardized weight by income levels implied by the interactive
estimates. |

Comparisons across samples and across eétimates permit an assessment
of the separate roles of migrant selectivity and within-group heterogeneity.

Whatever the specification or estimation procedure, however, estimates




Table 3

Migrant Selectivity and Program Exposure Effects on Log of Child Weight-for-Age

Sample: - Migrants + Residents Residents

Estimation Procedure OoLS OLS F.E. . F.E. OoLs OLS F.E.-R.C, F.E.-R.C.
Exposure (months x 1072) 16 -1.59 408 -1.67 0736 <4.99 .00786 3.57
: » (10.58) (1.95) (37.63) (2.02) (5.56) (0.43) (0.11) (5.36)
Log of income, father .136 0977 - o ' .118 .104° - -
" at age 20 . (2.77) (3.72) (4.38) (2.45)
Income slope o 1.69 1.30 - - 2.21 1.58 - -
, ' (3.95)  (1.98) : (3.90)  (1.77)
Income curvature 337 . 419 - - 47.9 68.0 S -
- (4.54) - (3.67) (4.86) (4.30) _ i
s Schooling noﬁﬁet: ‘more - - .00227 .00509 - - ' ~.00184 “=,00593 - -
than one standard "(0.34) - (0.51) _ (0.20) (0.40)
" deviation beloi. : ) - s
the mean (1)
Schooling: within ome .00365 -.00711 - - . =-.0107 -.0110 - -
standard deviation (0.38) (0.50) . . © (0.80) (0.52)
below the mean (2) o : .
Schooling: (3 0285 -.0172 - - .00376 -.0290 - . -
- within one standard (0.21) (0.87) . - €0.20) (0.99) '
. deviation above the )
mean (2) ‘
Income X exposure - 00241 - .00296 - .000572 - -.00487
o , ) (2.13)_ ' (2.60) © (0.35) (5.24)
Slope X exposure - - L0216 - .0235 - 0296 - .0208
: (0.76) (0.83) : (0.87) (1.07)
" Curvature X exposure - -.549 - - -.915 - -.991 - 3.23
(1.15) (1.96) (1.61) (13.0)
Schooling (1) X exposure - -.103 - -.377 - .150 - -1.55
(x1073) (0.25) (0.90) (0.27) (4.27)
Schooling (2) x exposure - .682 - .485 - 1.02 - -2.42
(x10-3) (1.14) (0.80) (1.29) (4.86)
Schooling (3) x exposure - .124 - .230 - 1.55 - -2.57
(x10-3) (1.48) (0.27) < (1.42) (4.10)
Intercept T =1.02 -.657 - - -804 @ ~.669 - -
(8.00) (3.48) (4.16) (2.20)
Rz +036 .033 .188 .193 ) .021 .023 .0001 .031
n 7583 7583 6126 6126 4540 4540 1877 - 1877

a Absolute values of t-ratios beneath regression coefficients.
b Absolute values of asymptotic t-ratios beneath regression coefficients.




Table 4

Exposure Effects by Income level: Percent Change in
Standardized Weight per Month®

Exposures Migrants + Residents Residents
Estimation Procedures OLS Fixed Effect OLS Fixed Effect
Two 0 above the mean .0081 .376 | .015 - L,015
~One 0 above the mean ‘ .0056 .337 .0071 .080
Mean ' -.057 .298 .0005 .145
One 0 below the mean -.089 .258 -.008 .211

Two O below the mean  -.121 .218 -.016 .276

a Evaluated at mean mother's education.
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from the sample including bo;h migrants and residents greatly overstate
on average the health consequences of program exposure net of migration
selection effects, with the greatest differential displayed by the fixed
effect estimates.lauoreover, the patterns of exposure effects by income
revealed by the fixed effect estimates taken from the resident and full
samples'are.quite different (Table 4) -~ the per-month exposure effects
decline by income group in the full sample but increase with income in the
resident saimple.15 |
The fixed effect random coefficients model estimafed in the residents-

only sample, which is presumably ffee of selection and hetérbgeneity biases,
indicates that a child exposed for 1.5 yeafs to the Candelaria program

'(ﬁhe samplé mean for teéidents) and 'ﬁho-lives in a household with an
iﬁcomé level two standard deviations below the Candelaria mean would
experience‘a five percent gain in weight;for-age; a similarly-exposed

child from a ﬁbusehold with income at the mean would experience a 2.6
percent increase in weight—fof—age, while children from households with
_ihcomes more than two étand#rd deviations above the mean would benefit
little from thé program.16The comparable full sample estimates imply

that migrant selectivity leads to an overestimate of the program exposure
effectby 2400 percent among households with incomes at least two standard
deviations above the mean, and a 106 percent overestimate at the mean,
" while the exposure effect is understated by 21 percent among households
with incomes less than two standard deviations below the mean. ‘The program
thﬁs appears to have benefited most the children of poor residents and wealthy
migrants, and to have attracted, among wealthy potential migrants, those
who benefit most from the program aﬁd, among poor potential migrants,

those who benefit least.
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3. Conclusion

When agents are heterogeneous, a change in relative prices within a
discrete geographical area or activity has two distinct effects. It alters
the allocation of resources by each agent facing the price change and changes
tﬁe composition of agents within the location or activity. While most
empirical studies have been concerned with testing the allocative responses
of avrepresentative agent to changes in incentives, the change in the
epatial distribution of differentiated'agents in response to erea-specific
conditione, the central implication of the Tiebout hypothesis, has received
little theoretical'development or empirical verification, Im this paper we
have explored the eonsequences of a site;specific progrem smbsidiziﬁg
human capital investments in childrem for Soth the spatial distribution of
heterogenous households and for the level of human capital investment ty
a teptesentative household. We show that with plausible :estrietions on -
the optimizing behavior of each household, such a program precipitates in-
migration by high-income and low-fertility homseholds, whether the principal
form of heterogeneity is in tastes or in human capital endowments. FWitﬁ
endowment heterogemeity dominant, however, househmlds also charaeterized
by low levels of human eapital and/or with smaller returns to investments
in human capital are attracted to a program subsidizing human cepital

investment.

Data from a village in Colombia that implemented a subsidized health
program confirm these implications of selective mlgration--in-mlgrants were
evidently drawn from the low-tail of the family size distribution, were

of relatively high income and, within income groups, had children whose
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nptritional status was lower than that of observationally identical members
of fhe resident population. As a consequence, evaluations of the program
inattentive to migration selectivity based on differences in program ex-
posure acrosé children born prior to the program were shown to significantly
‘overestimate the impact of the program for any randomly-drawn household.
Program evaluatioms based oncomparisons of the mean nutritional status
of‘children born after the program with that of children born prior to
thevprogrgm andbnever ekposed to it, however, would seriously understate
the efféctiveness 6f the program due to the selective migration of low-
endovmenﬁ hOuseholds. Indeed, tbe empirical reéults sgggést that it is
ébssiblé tﬁat thé'équilibrium mean health of children in the village, due
ﬁo migration; will bé 1ower.after thén befofe the healtﬁ program, with mean
heaith levels-increasedvin areas external -to the program site.

Our eﬁpiricél resulfs Suggest that in a coﬁntry such as Colombia or
the United States whéré the populétion is higﬁly mobile, tests of theories .
of the béhavior of individﬁal agents based oﬁ ctosé-sectional data or
stﬁdies of the determiﬂanté orbconsequences of laws based on the exogenous
spaﬁial distribution of population charécteristics may be seriously flawed.
The existence of migration selectivity has implications beyond those relevant
to the estimation of behavioral models from cross-sectional data or to
‘the evaluation of iocation-specific brograms, however. Consider a national
immigration policy, for example, that does not discriminate by an immigrant's
ﬁéuntry of origin. Due to differences in migration gosts (distance) and
in relative prices across potential sending countries,‘immigration will be
differentially self-selective across countr}-of—origin groups. Such aif—

ferential selectivity will result in the observed behavior of immigrants
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being correlated with their country-of-origin (Chiswick (1978)) even if the
diétributioné of population characteristics in sending countries are identical.
Moreover, our framework implies that an overall increase in barriers to
immigration makes immigration more selective. How immigrants differ by
country-of-origin or whether the laissez-faire selectivity arising from
the decision-rules of optimizing potential immigrants are superior or in-
fe:ior to selectioh imposed by law depend on the sources of heterogeneity
and the nature of the relative pricé differentiais across the sending and
receiving countries. If immigrants are principally attracted by a country's
superior opportunities for human capital_investment, for example, our results
imply.that'iﬁmigrants may be drawn from the lower tails of the human capital
~endowment distribution; howevér, tﬁe less so the smaller -the direct costs
6f immigrating.

Finally, selective migration is a component of a broader class of
problems. For example, as for migratioﬁ, relative price changes as weil
as income growth may selectively alter fertility decisions, resulting in a
change in the distribution of children across households of differing endow-
ments and pref erences for humén capital inveétment, and thus in the endow-
ments of the representative child. The long-term consequences of nationai
programs may thus differ significantly from their immediate effects due
to selectivity in fertility decisions. The further study of selection rules

would appear warranted.
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Footnotes
Gramlich and Rubinfeld (1982) test and confirm an implication of selective
migration, that the variance in voter preferences for local public goods
expenditures are smaller within fhan among urban localities, but do
not test whether and/or how the local electoral outcomes affect residen-
tial mobility. Schultz.(1983) tests for and confirms differences in
behavior between migrants and residents in Colombia by origin and
destination but does not incorporate migration decisions within his
behavioral ﬁodel or derive predictions for how interarea price differ-
ences generate selectivity rules. |
While heterogeneity and selection, combined'with information asymmetries,
form the basis fer menyvmodels dfbbeheviotal phenomena (e.g., Spence
(1973) ; Guasch and Weiss (1981)), that literature has seen little empirical .
application. ﬁeterogeneity-and selectien are also explicitly recognized
iﬁ most econometric sfudies of labor supply behavior;'however, selectivity
is essentially treated as a nuisance rather than as a testable implication
of the theory (an exception is Heekman (1974)).
The budget censtraint ignores the‘iﬁteraction between fhe,human capital
of childreﬁ and the number of children, as in Becker and Lewis (1973).
Use of the non-linear budget constraint does not alter any of the
testable impiications of the model (Rosenzweig and Wolpin (1980}).
It is easy to demonstrate that households with higher returns to the

human eapital input X will always have higher levels of human capital.

" However, the higher return indutces both an income effect, lowering the

demand for X so as to allocate'the higher wealth to the increased con-

sumption of other goods, and a price effect, which raises the demand for
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X. Note that the additive endowment only carries with it an income
effect; higher u households are wealthier and have healther children
but do not obtain more human capital per unit of the input.
The subsidy effect on health, from (12), is

dnl/ds = B{th(ai -l 0,) ay0cP B a - (6 - BuW) (@0, - 20,0.Y +

-1
0,0, P01 [2(Ba, b + )17,
from which subsidy-effect differentials can be computed when 0 and u differ.
' 2
th/ds = (da3M/ds) (th/da3M) = BC/s".
The program was funded by the U.S. Agency for International Development;
Candelaria residents and in-migrants thus did not incur any direct pro-
. ! . /
gram costs.
Vérious health programs had been in operation in Candelaria before, but not

after, the implementation of the "prbmotora" program. As a consequence,

rates of malnourishment and fertility in Candelaria were lower than in

ithe overall population in Colomb1a prlor to 1968 (Heller and Drake (1979)

Since in our sample only post-1968 mlgrants can be ident1f1ed recent

.but-pre—1968 migrants attracted to the prior health programs will be

counted as residents; differehces between residents and post-1968
ﬁigrants will thus'underestimate the selectivity induced by a health
subsidy program.

As noted above, the existence of pre-1968 programs minimizes the esti-
ﬁate@?ﬁehlth differential between the post-1968 migrants and the pre-1968

residents in Candelaria since some proportion of the latter were attracted

~ by the prior health programs. However, while the estimates in Table 2

are thus lower bound estimates of the migrant-resident health differential,

it is possible that migrants are not drawn from the lower tail of the
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health endowment distribution characterizing the non-Candelaria origin
populations, since these populations exhibit lower mean health than do
the residents in Candelaria. The Colombian Census data indicate that
post-1968 migrants to Candelaria do exhibit lower fertility than in the
rural population as a whole as well as in the Candelaria resident
population.
That spacing patterns are related to household health endowments in
Candelaria households is shown in Rosenzweig and Wolpin (1984).
Heller and bfake (19795 exploit differences in program exposure among
children to evaluate the effectiveness of the Candelaria program. They;
iéﬁore the séiectivi;y'ésspciatedfwith both migration and paréntal
spécing'decisions.' Their_spgcifiéafions estimate program exposure
effects conditional on such endogenoﬁs variables és parentalvbreast-
feeding, use of medical séfvices, and food expenditures; their findipgs
thué cannot be comparéd with our reduced-form éstimates.
A withinéfamily (cross~child) fixed effect estimator would not provide
consistent estimates if eﬁdowments differ among children and the'spécing
of_childréh résponds :to realizationsof child;specific endowments. In
that casé, a child's health outcome will affect the interval to fhe nexf
child so that the difference in program exposure between children within
the same family_will be related to their relative health as part.of the
family's optimization process and regardless of the program. Evidence
on these dynamic spacing patterns is presented in Rosenzweign and Wolpin

(1984).

The subsidy effect, given in footnote 5, depends on fundamental parameters

as well as on income.
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Similar results are obtained when the fraction of the child's life during
which he or she is exposed to the program is used to measure exposure.
With either measure, identification of the program effect arises from
the nonlinear relationships among age, exposure and weight induced by
the age/sex standardization.
Thesé differential program effects by income level are not due to program
design but reflect the nonlinearity in income of the input demand
equation.
Part of the impact of thé program appears to work via encouraging greater
and/or more rapid investﬁents'in children. Fixed effect (logit) estimates
indicate that children of the same age but exposed longer to‘the program
were more likely to be receiving breastmilk and to have received innocu-

lations against diptheria, polio or tetanus.
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