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. THE ECONOWMICS OF UNDOCUMENTED IMMIGRATION:
MEXICAN PARTICIPATION IN THE U.S. LABOR MARKET
by

Heéctor A. Olea
Rice University

ABSTRACT

This study addresses the impact of Mexican illegal immigration on the U.S. labor market. It
constitutes a first step towards developing rigorous structural ecenometric models that em-
pirically analyze undocumented labor force dynamics. Structural estimation of the labor
supply and the participation decision of illegal Mexican immigration requires the solution of
intricate theoretical problems that have not been addressed in previous literature. The
analysis developed here identifies those problems and proposes innovative solutions. In
particular, undocumented participation in the U.S. labor market is studied in the context of
life cycle theory and stochastic behavior. The empirical part of the analysis reviews the
problems of sample selection and missing observations that characterize the available data
on Mexican migration. The proposed empirical specification is evaluated employing limited
dependent variables procedures, where a Tobit simultaneous equation model is solved us-
ing maximum likelihood methods.

According tc the empirical results, Mexican undocumented immigration may be
viewed as a transitory phenomenon. Individuals switch back and forth between Mexico and
the U.S. reacting not only to income differentials, but also to social, family and economic
attachments in their home-communities. Mexican workers seem to have little incentives to
invest in human capital specific to the U.S., such as the ability to speak English. This be-
havior may be result of the partial transferability of Mexican skills, i.e. formal education, to
the secondary market in the United States. Finally, contrary to conventional wisdom, the
empirical evidence suggests that exogenous increases in U.S. wages, i.e. a non-expected
hike in the legal minimum wage, may actually discourage Mexican undocumented partici-
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CHAPTER 1

INTRODUCTION

The 1,952 mile Mexican-U.S. border is unique. No other border in the world separates
two countries that differ so sharply in social, cuitural and particularly economic circum-
stances. Yet these nations are linked by a symbiotic labor relationship. Mexico provides a
source of mobile labor force, and the U.S. benefits by balancing excess labor demand dis-
equilibriums, notably in its secondary market.

Since the beginning of modern Mexican labor pasticipation in the U.S., when 2
network of railways linked both countries in the 1880s, Mexico-U.S. immigration
relationships have not been easy. Characterized by periods of tolerance and marginal coop-
eration, labor dependency between these countries has persisted for more than a century.
However, recent vnilateral legislation by the 1.S. and the lack of coordination between
Mexican-U.S. authorities may threaten the mutual benefits derived from undocumented
immigration.

Mexican migration to the U.S. is essentially an economic phenomeron. Nonethe-
less, current immigration policy, or the lack thereof, fails to address Mexican illegal
participation in the context of rational economic behavior. Uniortunately, political inter-
ests rather than efficiency issues and special groups concerns rather than distributional
gains have had substantial influence on recent legislation of intemational immigration.

Furthermore, Mexican migration is also a regional phenomenon observed solely in
certain specific areas of the U.S. such as California, Texas and Ilincis. This nrecludes na-
tionwide involvement in economic and strategic consequences of this participation in the



low-skill labor market. Lastly, the lack of coordination and the apparent indifference of
both the Mexican and the U.S. governments have inhibited negotiations that certainly could
benefit both economies.

An extensive number of studies on demograpnic characteristics, regional distribu-
tion and social attachments of Mexican undocumented workers are generally available.
Demographers, anthropologists and sociologists have accumulated a prolific literature on
this topic. However, little is known about the economics of their migration decision and the
labor markets in which they operate.

In this context, the foremost objective of this study is to assess the economic impact
of Mexican immigration in the U.S. labor market. Consequently, the author expects, that
by doing so a more accurate understanding of the mechanisms driving both the participation
and the labor supply decisions will be attained. This will help policy makers to avoid irre-
versible mistakes in the design and instrumentation of further immigration policy.

The contribution of this research is twofold. First, it establishes the theoretical
framework in which immigration decisions take place. It proposes a consistent dynamic
model based on contro} theory and stochastic behavior, where international migraticn is
addressed in a context of life cycle considerations. Here, the behavior of Mexican undocu-
mented workers switching back and forth across countries is consistent with optimal life-
time behavicr. This approach explores, in a rational econorric framework, the elements af-
fecting the participation decision beyond the conventional argument of net wage differen-
tials between countries. Second, this study constitutes the first attempt in the literature to
provide an efficient empirical methodology for the estimation of the labor supply and the
participation rule of undocumented workers. In particular, the participation decision and the
1abor supply of Mexican undocumented workers are empirically estimated in the context of
Limited dependent variables methods. The econometric framework provides asymptotically
unbiased estimates not only for earnings elasticities but also for other variables suck as
financial weaith, socio-demographic characteristics and hurnan-capital investment.

The purpose of this introduction is to relate this study to the existing literature and
the available information on undocumented immigration so that the reader is better able to
understand the motivation for the following chapters, the problems , and the departure from
conventional methods of analysis. The first section describes the background of Mexican
migration to the United States. Here, particular attention is dedicated to recent legislation on
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this subject. Section 2 describes the profile of undocumented workers. Here, some impor-
tant questions are discussed: How large is the Mexican undocumented population?, In
which sorts of markets do they operate?, Where do they come from? and Where do they
locate in the U.S.? In order to introduce the working hypothesis of this research, Section 3
outlines some of the major controversies which highlight the undocumented immigration
debate. Finally, section 4 presents a summary of the remaining chapters.

1.1 Background

Undocumented settiers are, by definition, immigrants with the desire to work in a foreign
nation without the explicit consent of its authorities. In particular, undocumented migration
to the U.S. commenced in the late 19th century with the introduction of a number of immi-
gration laws that established quantitative and qualitative restrictions. From 1875 to 1929
Congress passed legislation containing exclusionist principles that would restrict Chinese
immigrants, the first undocumented workess.

Ironically, none of these restrictions were aimed specifically at trans-border
immigration. In the first decade of this century, immigration authorities in the U.S. mani-
fested no serious concern about contracting unskilled labor from Mexico. Although the
Mexican Revolution in 1910 drove a large number of refugees over the border, there was
little evidence of modification in the toleration of U.S. immigration authorities. On the con-
trary, in 1912 a “border asylum policy” was implemented under the impression that refugee
migration was temporary {Corwin, 1978]. Indeed, the end of the Mexican conflict along
with the Great Depression stopped and sometimes reversed international migration to the
United States.

The contract-labor era of the Mexican Labor Program in 1942-64, commonly
known as the bracero program, characterized a rare period of coordination between the
Mexican and the U.S. governments. This agreement defined a number of safeguards, such
as food, transportation and housing, for Mexican nationals who were employed as tempo-
rary agricultural workers in the United States.! World War II and the Korean War provided
the appropriate economic incentives that iead to the creation of the &racero program. In this

1 The agreement expired in 1947, but continued on an informal basis until 1951, when it was reinstituted.
[Greenwood and McDowell, 1986]



period, the U.S. government viewed the Mexican labor force as 2 welcome wartime emer-
gency help.

However, incredible administrative exceptions, red-tape and bureaucratic controls
led to major inefficiencies within the program. Employers tried to avoid government reg-
ulation by contracting free-lance Mexican workers [Corwin, 1978]. Furthermore, braceros
were sabject to backward conditions in their jobs. The rather novel contract-iabor program
soon became notorious for mismanagement and exploitation of Mexican workers. In 1964
the bracero program was unilaterally terminated by the U.S. government.

After this experience the U.S. authorities followed a policy of toleration of undoc-
umented immigration. Labor requirements of agro-industries were met without disrupting
institutionai constraints. However, under the political proclamation “we need to restore
control over our borders”, in 1986 U.S. Congress passed the Immigration Reform and
Control Act, also known as the “Simpson-Rodino” bill. Provisions of the new immigration
law grant amnesty to undocumented immigrants that could prove permanent uninterrupted
residence in the U.S. since January 1982. Under a separate program (Seasonal Agricultural
Worker), international immigrants could also qualify for amnesty if they worked in the
agriculture sector for at least 90 days ending in 1986. In addition, a guest-worker program
(Replacement Agricultural Workers) may be implemented in 1990 under which undocu-
mented workers with three years in the fieics are eligible for permanent-resident status.
This will allow international contract-labor if there is a shortage of woikers in perishable
crop agriculture.

The Simpson-Rodino law includes a series of enforcement provisions that seem
unlikely to reduce undocumented immigration. Employer sanctions, the heart and soul of
the new immigration law, establishes that employers are liable for “knowingly” hiring
workers without legal rights to work in the United States. They are intended to reduce the
demand for undocumented workers by raising hiring costs.

According to Chiswick [1988], however, “employmert sanctions are not likely to
have a major impact.” [p.113] This perception is also shared by long time obseivers of in-
ternational migration in the United States. Bustamante asserts that “[t]here is no sign the
legisiation has had any impact on the [immigration] flows.”? Likewise, Cornelius admits

2 The New York Times, June 24, 1988: p. 1.




that “[t]hose who delayed migration to the U.S. during 1987 are now coming, having ob-
served that work is still available even for new arrivals lacking papers.” Two sorts of ele-
ments appear to justify these arguments: The lack of enforcement resources and the eco-
romic incentives that encourage permanent, rather than transitory, settlements.

First, scarce enforcement resources imply infrequent inspections. Chiswick [1988]

recognized that

“[a]s result of minimal change in effective enforcement re-
sources, the prcbability that employers will be detected in
violation is very low...cxcept perhaps for certain target or
showcase establishments.” [p. 113]}

In addition, Hill and Pearce [1987] evaluated the impact of employer sanction on the U.S.
economy. They found that important re-allocation effects may be observed because en-
forcement is unlikely to eliminate undocumented workers from the U.S. labor force. A
more likely outcome is that immigration authorities will concentrate their enforcement ef-
forts in traditional industries and regions where international migration is common, e.g.
landscaping in Texas. Consequently, industries and regions likely to face weak enforce-
ment will absorb displaced immigrants, e.g. construction in North Carolina. “The incidence
of employer sanctions will be uneven across factor groups as well as industries.” [Ibid, p.
25]

Second, employer sanctions as well as tighter border controls significantly increase
the costs of frequent border crosses. In order to obtain positive returns from migration ac-
tivities, undocumented workers may lengthen the amount of work time in the U.S. per trip.
Indeed, in a 1976 study conducted by North and Houstoun, respondents have made an
average of 4.5 trips to the U.S. in a period of five years. In z more recent surveys Huddle
et. al. [1985] found that the typical illegal worker made 1.1 trips in the same amount of
time. Furthermore, rising immigration costs may promote family immigration to the United
States.4 In fact, the Simpson-Rodino law is designed to reverse transiiory immigration pat-
terns traditionally observed in Mexican undocumented workers to a permanent immigra-
don.

3 Ihid.

4 “As a result [of the new immigration law], men who in the past came up norih alone in the spring and
returmed to Méxice for Christmas and New Year holidays now appear to be sending for their wives and
children™ {The New York Times, June 24, 1988: p. 1]



Surprisingly, the new immigration law was passed without addressing any eco-
nomic issues, in particular those of efficiency and equity in the distribution of national in-
come.5 Political rathcs dhian economic reasons motivated this legislation. Mexican un-
documented migration is stimulated by economic incentives, where barriers between Mexi-
can and U.S. markets introduce serious efficiency and distribution distortions in both
economies.

“While the United States ciearly needs to have voice in who
enters to the country, this should not preclude an orderly and
mutually beneficial approach to the particular complementar-
ities that exist between the Unites States and Mexico...”
[Reynolds and McCleery, p. 128]

Strong labor market interdependence iinks the economic policy of these countries. Future
coordination between Mexican-11.S. anthorities will be required to access potential benefits
of immigration flows in a true partnership relation.

1.2 Profile of Undocumented Workers

Contrary to conventional wisdom, international immigration to the U.S. is not an homoge-
neous phenomenon. In pariicular, undocumented immigration from Mexico possesses dis-
tinctive characteristics not found in other sorts of international settiements in the United
States. During the last twenty years illegal immigration to this country has been character-
ized by three distinctive groups: Political refugees, high-level manpower (brain drain) and
Mexican low-skill workers. Each of these groups affects the U.S. economy in entirely dif-
ferent ways.

Immigration for political reasons and by high level manpower tend to be permanent.
On one hand, political refugees are likely to break any possible family and economic at-
tachmenis with their home-country. Family migration and the forfeiture of non-transferable
capital characterizes politica immigration. On the other hand, brain drain immigration is ob-
served among high-skill individuals coming from low-income communities. Here, interna-
tional migration has had the adverse effect of widening the inequalities between receiving

5 In contrast, legislation aimed at deregulation of the banking system and the airline industry were subject
to Intense eCONOMIC review.
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and home countries. Similar to political refugees, this group wiil iend to settle in the U.S.
along with their immediate relatives.

In contrast, Mexican undocumented low-skill workers are deeply attached to their
language and culture, and songly rooted in their home-communities. Typically, they are
individuals with few skills and little education, switching back and forth between Mexico
and the United States. Transitory immigration is thus characterized by family, social and
economic attachments with Mexico. “Their migration is not a sign of special attraction to
the United States, but paradoxically of 2 commitment to their home community.” [Piore,

1986: p. 271

Given the distinctive characteristics of international immigration flows, this study
focuses solely on the impact of low-skill undocumented Mexican workers. However, a
major probiem confronting analyses of this sort is the reliability of available empirical data.
No single source of information is likely to provide an unbiased assessment of the charac-
teristics of Mexican immigrants. Traditionally, the Immigration and Naturalization Service
(INS) has provided a basic set of statistics on deported individuals. Nonetheless, the seri-
ous methodological problems of this data is well documented, since a single immigrant may
be apprehended several times in a short period of time.5

Another source of information is found in independent surveys that attempt ic char-
acterize undocumented workers and their labor behavior. North and Houstoun [1976] made
the first important effort in this field. More recently, Diez-Canedo [19801 nsed Mexican
personal checks remittances to track undocumented workers sending money 10 their home-
communities. De Maria [1983] analyzed the impact of Mexican workers in the Houston
construction industry by direct interviews; likewise, Huddle conducted field surveys on
non-union highway construction workers in 1985, and on immigrants applying for
amnesty under provisions of the new immigration law in 1987 and 1988.

Lastly, recent studies have explored the potentisl of using data from the 1980 Cen-
sus to acquire a fuller understanding of Mexicar migration. Pearce and Gunther [1985]
used 1980 Census data to describe the effects of undocumented workers in the Texas
economy. Passei and Woodrow [1985] employed this statistical source to report the geo-

6 Chiswick [1988] calls this distortion the “revolving doo:™ effect.




graphic distribution of undocumented immigration in the United States. Based on these
sources some general conclusions are outlined below.

The number of undocumented Mexicans living in the U.S. have been traditionally
overestimated. Johnsen [1980] suggested that immigrants without permission are
probably in the 4 to 7 million range, with 2 to 5 million participating in the labor force.
Similarly, Huddle er.al. [1985] established that the size of the undocumented population
was close to 9 million in 1982, of which 5.5 million were working.” However, studies
based on more relievable methodologies seem to agree on a lesser number. Warren and
Passel [1984] estimated that about 2 million undccumented aliens were counted in the 1980
census and that about 55 percent of this figure were Mexican settlers. In addition, Diez-
Canedo [1980] found that around (.8 million Mexican undocumented aliens were em-
ployed in the United States.

" Urban Immigrants have Longer Ecucation
9

1987 1988

Amnesty Applicants

Saurca: Amnesty Sunveys
Figure 1.1—Formal Education and Regional Bwkgmund

Demographic statistics suggest that Mexican illegal workers tend to be relatively
young with a substantial concentration in the ages of 20 to 40, and a high proportion of
immigrants are likely to be male and single. In addition, Mexican migrants to the U.S. do
not come from the poorest regions of the country. According to Diez-Canedo [1980] and
De Maria [1983], traditional sznding states are located in the central part of the country,
mainly Guanajuato, Zacatecas, Mexico City and Jalisco. Undocumented workers, in fact,

7 At the beginning of the Amnesty program cr May 1987, the INS estimated that 4 million undocumented
immigrants will come forward to apply for permanent-resident status. However, after the deadline, one year
later, the INS received only 1.7 million applications for legal residence and 0.7 miilion through the
Seasonal Agricultural Worker (SAW) program.



are not likely to migrate from the relatively poor southeast region, e.g. Oaxaca and Chia-
pas. Richer agro-industrial northern states like Soncrz, Sinaloa and Chihuahua are also not
an important source of undocumented workers.

Although wraditionally, illegal immigration originated in rural areas, recently an in-
creasing number of undocumented workers are coming from urban centers. The level of
education is likely to be affected by this distinction. Urban immigrants are more likely to
have longer periods of education than rural immigrants (Figure 1.1). Independent of their
background, however, formal education is substantially low, ranging from five to ten years
of school.®

Finally, Mexican participation in the U.S. is a regional phenomenon. According to
Census information processed by the author, only three states account for almost 90 per-
cent of the total population of undocumented settlements from Mexico: California (57 per-
cent), Texas (23 percent) and Illinois (8 percent). Therefore, the direct impact of Mexican
nationals on the domestic labor market is highly concentrated in a few distinct areas.

1.3 Controversies on Mexican
Participation in the U.S.

This secticn presents some of the major controversies that highlight the undocumented im-
migration debate. Several hypotheses discussed and tested in further chapters are in-
troduced here. This section does not constitute, however, a comprehensive analysis of in-
ternational iramigration but rather focuses on particular issues relevant to the overaii objec-
tive of this study.?

1.3.1 The Assimilation Hypothesis

A dominant theme in studies on international immigration to the U.S. is the social adapta-
tion and the economic integration of a foreign born population. Traditionally, thecrists as-
sume, either explicitly or implicitly, that immigrants confront similar socio-economic
structures as domestic residents. The foreign born would eventually attain parity with their

8 Note thai this argument does net implies that better educated residents have higher likelihccod to become
illegal workers.
9 See Greenwood and McDowell [1986] for a more comprehensive review.
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native born counterparts [Tienda and Neidert, 1980]. Accordingly, much of the research on
this subject has concentrated on documenting the adjustment experience or assimilation
process of international flows in the Unites States.

Advocates of the assimilationist perspective, e.g. Chiswick [1977 and 1978], and
Hirschman [1978], sustained that because knowledge and skills are not perfectly mobile
across countries, immigrants initially would have earnings significantly lower than domes-
tic residents (see Figure 1.2). However, as time passes foreigners gain expertise on the
characteristics of the economy. This is achieved through investment in U.S.-specific hu-
man capital.

Earnings

B
Mexico t U.s. t

Figure 1.2—Eamings in the Assimationist Hypothesis

The assimilation process and thus the foreign-native earnings gap are limited by the
degree to which home-country skiils may be transferred to the U.S. labor market. Adjust-
ment time would be shorter for immigrants from Canada than immigrants from Mexico.
Moreover, it is suggested that given long periods of immigration, earnings of the foreign
born would approach, and even equal, those of local residents. In sum, the direct conse-
quence of the assimilationist perspective is that eventually international migration will dis-
place domestic workers from the labor market.

A number of criticisms may be levelled upon this representation. Perhaps the most
important one is the failure to address the assimilation argument in an explicit framework of
economic theory. This leads to ad-4oc empirical hypotheses, lacking consistency with re-
spect to theoretical rationale. This deficiency is even more evident when trying to address
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the dynamics of the assimilation process in the absence of control theory and stochastic be-
havior.

In addition, this view implicitly assumes that international migration is a permz.:ent
phenomenon. In the context of legal settlements or political refugees, this representation
may be accurate. However, Mexican undocumented immigration is more likely to have
transitory characteristics. The empirical applicability of the assimilation hypothesis In the
context of Mexican illegal workers is less nbvious than it is for other sorts of immigration
movements. The transitory elements of Mexican migration is essential to assess the impact
of undocumented workers in the U.S. labor market.

Indeed, the composition of U.S.-specific human capital investment and thus the in-
tegration process is affected by the time horizon of illegal settlement. Transitory undocu-
mented workers may have little incentives to invest in these activities. Three elements are
likely to measure human czpital formation of undocumented workers: Formal education,
ability to speak English and length of time since immigration (on-the-job training). Notice
that the latter two represent investments in U.S.-specific abilities, while the former embod-
ies hurnan capital acquired in Mexico. Contrary to the perception of assimilationists, Mexi-
can- ific skills may be transferred to the secondary U.S. labor market. Cornelius [1978]
indicated that Mexican immigrants “...require littic or no technical skills, and only a rudi-
mentary comreand of English, if any at all.” [p. 5] The degree in which formal education
acquired in Mexico impacts eamnings of undocumented workers in the U.S. provide evi-
dence in favor of the transferability of skills across regimes.

México The United States

1.00%

A 2.00%

41.00%

Source: De Maria Survey Source: 1580 US. Census
Figure 1.3—Occupational Distribution in Mexico and inthe Unied States
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Moreover, undocumented workers are likely to seek empioyment where further
U.S.-specific human capital investment is not required. In this context, the occupational
distribution of illegal immigrants is oriented to low-skill activities in both countries. De
Maria [1983] suggested that over 60 percent of her sample included respondents working
in agriculture related jobs in their home-communities. In contrast, according to Cer s in-
formation, the distribution of undocumented workers in U.S. industries tends to be
broader, but is still somewhat concentrated in low-skill occupations: Manufacturing
(automobile mechanics, brickmasons, carpenters, painters, etc.), agriculture (landscaping,
farm and forestry workers, etc) and services (maids, waiters/waitresses, janitors and oth-
ers). [See Figure 1.3]

The present study proposes the hypothesis that Mexican illegai workers are likely to
be characterized by individuals with transitory migration patterns. Accordingly, they have
little economic incentives to invest in human capital specific to the U.S., such as the ability
to speak English and on-the-job training. This behavior is the result of partal transferability
of home skills (e.g. formal education) to the secordary labor market of the United States.

1.3.2 Market Segmentation: An Alternative Hypothesis

An alternative proposition to the assimilationist view suggests that Mexican undocumented
workers do not compete with native born workers. The domestic labor market, especially
the low-skilled, is sufficiently segmented that native workers are insulated from the direct
employment effects of immigrants. Segmented market analysts argue that the economy is
characterized by maior “market segments” which associate different reward systems and
paths for mobility [Portes and Bach, 1978]. In the field of undocumented immigration, the

segmentation hypotlicsis has been addressed in Cornelius [1578], Piore [1979 and 1986]
and Tienda and Neidert [1980], among others.

The existing demand of a secondary market and the failure of the native labor force
to supply its labor services contributes to the development of an undocumented labor mar-
ket. According to Piore [1986], the immigration process tends to be governed by jobs
which are relatively low paying, insecure and lacking of any career advancement opportu-
nities, such jobs are not attractive to domestic residents. Undocumented workers undertake
these jobs because they view it as a temporary situation. “They do not think of themselves
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as staying long enough to take advantage of career opportunities and they obtain their self-
definition from the work they perform at home.” [Ibid, p. 28]

Average Duration of U.S. Jobs

De Maria

Huddle

Amnesty'87

Amnesty'83

Yaars of Immigration/Job

Figure 1.4—Job Mobiity Among Undocumented Workers

Figure 1.4 appears to support this hypothesis. It is show that foreign workers may
have a lesser degree of job mobility if they pursue permanent residence, e.g. respondents
applying for amnesty under provisions of the new immigration law. Indeed, transitory
Mexican workers are likely to be more mobile than permanent migrants; the former may
work in a particular job an average of one to two years, while the latter may last from three
to almost five years in an specific job,

In addition, the temporary characteristics of Mexican undocumented workers may
be evident in the amount of money sent back home. Gamio asserts that “permanent resi-
dents who have their families and interests with them rarely remit money” [in Diez-Canedo,
1980: p. 33] According to De Maria [1983], undocumented workers in the construction in-
dusiry send an average of 195 dollars/month. Similarly, North and Houstoun [1976] and
Diez-Canedo [1980] reported average monthly payments of 189 and 129 dollars for Mexi-
can illegal workers, respectively. In contrast, non-Mexican undocumented groups may
have lower remiitance levels: Western hemisphere (excluding Mexico) and Eastern hemi-
sphere settlements send 76 and 37 dollars/month to their :ome countries, respectively
[Diez-Canedo, 1980: p. 49].

1.3.3 Job Displacement
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The current debate on Mexican illegal immigration bears direct relation to the issue of job
competition between domestic residence and foreign workers. Do undocumented workers
displace domestic workers from jobs? Notwithstanding international migration resuits in
efficiency gains for the national economy,!0 the displacement controversy has absorbed
most of the research efforts in the literature. Conventional arguments assert that undoc-
umented workers are close substitutes for native workers. This diminishes the employment
opportunities for domestic residents either directly, by reducing empleyment prospects, or
indirectly, by reducing wage levels. Bernard [1953], however, contested the displacement
misrepresentation of undocumented workers:

“One of the most persistent and recurrent fallacies in popular
thought is the notion that [undocumented] immigrants take
away the jobs of native Americans. This rest on the miscon-
ception that only a fixed number of jobs exist in any econ-
omy and that any newcomer threatens the job of any old
resident.” [p.57]

An implicit assump-ion in the displacement argument is the homogeneity of the la-
bor force, in particular the substitutability between undocumented and native Workers.
Proponents of the assimilation hypothesis clai.n that foreign born workers acquire suffi-
cient skills specific to the U.S. labor market so that any distinction with the native born will
eventually vanish. Thus, complete displacement and depression of wage rates may be ex-
pected. In contrast, defenders of market segmentatior:. argue that because undocumented
and local workers operate in disparate labor markets, they do not compete for employment
opportunities and therefore displacement is rejected. Whether these propositions provide an
accurate Tepresentation of job competition in the low-skill labor market is an empirical
question. Yet, this has not been systematically addressed in previous literature.

Under what set of conditions will the infiux of Mexican undocumented workers
leave domestic employment and wages unaffected? The number of native labor force dis-
placed by immigrant workers depends on the conditions cf the labor market, specificaily
upon their demand and supply functions.!! In particular, it is evident that an accurate mea-

10 See Grossman [1984] and Hill {1985].

11 According to Greenwood and McDowell {1986], domestic employment and wage levels are unaffected by
immigrants if their market demand is perfectly elastic. Nonetheless, Hamermesh [1976] estimated that the
labor demand of the U.S. economy is rather inejastic (in the short run —0.32). Furthermore, Johnson [1980]
used a demand elasticity of —1.5 for the low-skill market in a study of displacement effects. Since the scope
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sure of the labor supply elasticity of undocumented workers is essential in accessing their
impact on the U.S. lzbor market.

Eus
Y Eus>Emy
€us = Emyx
Eus<€mx
B
€myx

Figure 1.5—Rekstive LaborSupply Elesticities

In fact, the relative sensitivity of labor-leisure decisions among domestic and
undocumented workers determinate the level of marginal displacement in the secondary
market. Figure 1.5 describes this argument. If the labor supply elasticity of U.S. residents
(eus) is equal to the supply elasticity of illegal Mexican workers (€mx), the rate of marginal
job displacement is one-to-one. Thus, marginal displacement rates are low as long as €mx 15
significantly low relative to £ys.Unfortunately, no serious empirical analysis has addressed

the magnitude of these parameters.
1.3.4 Taxes and Weliare Transfers

Another central issue commonly raised about Mexican immigration focuses on the question
of whether they are a sccial welfare burden for the national economy. To what extent do
they use public services? Do their tax contributions cover the cost of providing these ser-
vices? The hard evidence that exists suggests that illegal workers contribute more in taxes
than they receive in social benefits.

Some analysts argue that undecumented flows do not pay taxes. Huddle er.al.
[1985] asserted that “...about half of employers, contractors and subcontractors who em-

of this study focuses in the immigration decision process instead of production issues, the labor demand is
not further discused.
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ploy illegals in the State of Texas do not deduct taxes from the worker’s gross pay.” [p-
16] However, North and Boustoun [1976] found that 73 percent of illegal workers had
federal taxes withheld and 77 percent paid social security taxes but did not collect them. In
addition, De Maria [1983] admitted that 81 percent of respondents in her sample paid taxes.

Furthermore, immigrants with permanent status show a similar behavior. Indeed,
75 percent of respondents applying for amnesty under the Simpson-Rodino law in 1987
have paid withholding taxes and 80 percent made social security contributions. However,
only three percent of this sample received any sort of social berefits from the government
(e.g. food stamps, medicare, housing, unemployment insurance). Ironically, almost 90
percent of respondents that filled tax returns to the IRS in the previous year (nearly half of
the sample) had positive balances. Accordingly, Blau [1986] admitted that “...the evidence
on transfer payments suggests that immigrants do not appear to overburden the transfer
system. There is not evidence that they have done so in the past and no indication that there
is any reason to be concerned about the future.” [p.107]

In sum, survey data consistently indicates a high incidence of tax withholding by
employers of undocumented workers. It is evident that illegal immigrants either transitory
or permanent do not represent a burden for society in the United States. Moreover, it may
be shown that income flows to the U.S. fiscal system outstrip possible welfare transfers.
Accordingly, undocumented workers are net weifare contributors. Following Hill [1985],
there is little economic difference between admitting fewer low-skill immigrants and taxing
imporied goods that require in their produciion large amounts of low-skill labor. Then,
immigration restricticas are similar to trade restrictions.

1.4 An Overview

The core of this study is distributed in three chapters. The first two chapters layout the
theoretical elements of this research, while the last chapier reports the estimation anaiysis
anid the empirical results. The major conclusions and some policy recommendations are
discussed in the last chapter. A summary of this study is presented below.

Chapter Z proposes a theoretical model of life cycle information in an environment
of perfect certainty and continuous time. The objective of this analysis is to describe the
underlying elements determining the immigration process in a context of consumer maxi-
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mization behavior. Principles of control theory and dynamic optimization are employed to
achieve this goal.

This analysis compares favorably with traditional static models which reiy exclu-
sively on wage differentiais between countries in order to explain international migration.
Under these models, transitory participation in the U.S. labor market is inconsistent with

such conditions it is difficult to explain why the entire Mexican population does not immi-
grate to the United States or why undocumented workers return to their home-communi-
ties. The analysis presentzd here makes clear that theoretical limitations of conventional
static models shapes the policy implications of many previous studies or Mexican undocu-
mented workers.

A major contribution of the framework develcped in this chapter is found in the
identification of elements controlling the duration of Mexican participation in the U.S. la-
bor force. Transitory migration is characterized by strong family, social and economic at-
tachments to home-communities. This representation introduces the concept of household
production as an important component of the immigration decision. First propesed by
Mincer [1962] and then followed by Becker [1965], the “new” thecry of allocation of time
has became a major element of modem labor economics. Here undocumented workers par-
ticipating in the U.S. are productive only in the labor market; however, in Mexico they are
productive in both household or/and market activities. This dichotomy between household
productior. across countries is an essential assumption reflecting the inability of the U.S.
labor market to reproduce the social, cultural and economic environment of home-commu-
nities.

The theory underlying undocumented participation represents a natural extension of
Friedman’s [1957] permanent income theory and Heckman’s [1976] life cycle model of
female Iabor supply. At any point in time, consumers evaluate their potential benefits of
being in the two possible states of the world. Mexican residents report pecuniary and non-
pecuniary benefits as a result of their market and household activities. Illegal workers, on
the contrary, earn higher relative wages than aiternative activities in their home labor market
(net of switching costs). Although market earnings are higher in the U.S., undocumented
workers may have incentives to return to Mexico, even with large wages differentials. In
this case, household productivity in Mexico becomes high enough to offset large net wage
differentials across regimes. Household productivity induces the dynamic characteristics of
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the model. Household marginal payouts decrease during residence in Mexico, but soars
when immigration to the U.S. take place. This behavior leads to a cyclical pattern reflected
along the entire lifetime of the individual.

Although the previous analysis represents a thorough theoretical examination, the
lack of uncertainty and the inability to derive closed form solutions motivates the study of
stochastic discrete-time version of the original model. Indeed, Chapter 3 develops a life cy-
cle analysis of undocumented participation and labor supply in which future events are un-
certain. The objective of this analysis is to develop a tractable siochastic model that may be
tested in a cross-section empirical estimation.

The study of a lifetime model under uncertainty is important because it identifies
the way in which random comporents enter into the empirical specification. Stochastic be-
havior cannot be introduced simply by adding an error term, but rather it is the result of an
optimal rational behavior. Here, individuals make efficient use of all available information
at each period of time.

Although dynamic models are used extensively in recent economic literature, much
of the empirical studies dealing with undocumented immigration does not recognize life cy-
cle theory, and practically none of them formally introduce the possibility of uncertain be-
havior. Breaking with this tradition, the third chapter relies on important contributions in
the fields of dynamic programming and stochastic behavior.

In addition, immigration costs constitute a major element in Mexican labor force
participation. This chapter addresses the impact of fixed and job-searching costs on the
participation decision. An important impiication which emerged from this analysis is the
existence of a link between domestic (U.S.) labor market disequilibrium conditions and
searching costs. A very important consequence of this relationship is that exogenous in-
creases in the domestic wage rate will actually discourage Mexican participation ir: the U.S.
labor market. This hypothesis is tested empiricaliy in the estimation chapter. Lastly, it is
concluded that although the presence of stochastic behavior in the immigration process in-
troduces new elements to the former life cycle model, this chapter shows that most of the
results obtained in the deterministic model are carried over into the uncertainty framework.

Chapter 4 reports efficient estimates of the immigration decision and the labor sup-
ply functions of Mexican undocumented workers. Using the preceding economic theory as
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a guide, this chapter addresses the specification and estimation of an empirical model in the
context of limited dependent variables . The econometric model developed here provides a
natural framework for interpreting life cycle estimates associated with cross-section analy-
sis.

The objective of the fourth chapter is to test empirically the determinants of the
Mexican immigration decision and its effects over the U.S. labor market. In particular, the
empirical analysis focuses on the effects of U.S. earnings over the undocumented
participation rule and their labor supply. Following the economic model outlined in former
chapters, it is possible to decompose estimates of wage elasticities inio their intertemporal
and current multipiiers. Lastly, the econometric framework provides estimates for analyz-
ing the impact of other variables such as financial wealth and socio-demmographic character-
istics.

A major problem confronting the study of undocumented immigration is the relia-
bility of empirical data. Two characteristics identify sample information in this field: Self-
selection and missing information in the Mexican regime. First, the illegal population is not
a random sample, since variables may only be observed in a limited range, i.e. when
Mexican residents actually participate in the U.S. labor market. This yields a truncated
sample, where standard estimation procedures are asymptotically biased. Second, observa-
tions of the Mexican regime are missing, because it is not feasible to identify potential un-
documented workers, i.e. under certain conditions all of the Mexican population could be-
come illegal immigrants. These characteristics provide an empirical estimation challenge not
found in many other branches of econometrics.



CHAPTER 2

A LiIFE CYCLE APPROACH TO
MeXICAN UNDOCUMENTED MIGRATION
IN THE UNITED STATES

“The unwillingness to quit home, and to leave old associations,
including perhaps some loved cottage and burial-ground, will of-
ten turn the scale against a proposal to seek better wages in a
new place.”

Alfred Marshall [1952, p. 471]

This chapter presents a theoretical model of life cycle participation decisions for undocu-
mented immigrants in an environment of perfect certainty and continuous time. Structural
economic relationships between lifetime household production and market wages are ex-
amined. A cost-benefit analysis and switching regimes characteristics are integrated in a
coherent continuous intertemporal framework. The identification and characteristics of un-
documented immigration is considered in both a tramsitory and a permanent context.
The objective of this model is to layout the underlying theory employed in following chap-
ters.

The analysis focuses on the application of recent economic literature that allows for
life cycle behavior in the individual's labor choice. The implementation of this approach to
the field of undocumented immigration provides a richer analytical framework than tradi-
tional static models. The theory underlying undocumented participation represents a natural
extension of Friedman's [1957] permanent income theory and Heckman's [1976] life cycle
model of female labor supply. This theory is applied to a situation in which relative benefits
of immigration varies over the individual’s lifetime. The intertemporal fluctuations in the
participation rule leads to a model of switching regimes where consumers migrate from

20
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Mexico to the U.S. depending on their relative net benefits.

The organization of Chapter 2 is as follows. The first section reviews the literature
on the dynamics of the labor force participation. Section 2 develops a general life cycle
model of undocumented participation. Here, transitory and permanent characteristics of the
immigration decision are analyzed. Moreover, this section introduces the basic components
of the Mexican and U.S. characteristics including their integration into a fully coherent
model of switching regimes. The third section describes the elements of an immigration
cycle and the decision rule; in addition, the theoretical procedure to obtain endogenous
switching points is outlined here. Finally, some conclusions are discussed. There is a
mathematical appendix supporting the results of section 3.

2.1 Previous Literature on the Dynamics
of Labor Force Participation

The theoretical structure of labor-leisure choice models have been traditionally addressed in
a static framework.] Labor supply decisions are based upon the relation beiween the con-
sumer's reservation wage (marginal rate of substitution) and the market wage rate. In these
models consumers consider the decisions on market participation and labor supply simulta-
neously. No further analytical burden is required since total available time may only be al-
located to leisure and market activities.

In the last three decades, however, economisis have made major contributions to-
wards understanding Iabor supply decisions. A richer approach to lzbor economics has its
origins in two significant articles: Mincer [1962] and Becker [1965].

Mincer argued that an individual's labor force participation decisions are made ina
family context. Labor choice is not only a function of market wages and fixed costs but
also of variables ifizi affest other household members. “An increase in one individual's in-
come may not result in a decrease in his hours of work but in those of other family mem-
bers.” [1965, p. 66} In this context, a woman will work during periods when WGiK is fi-
nancially more profitable relative to other periods in her life cycle (e.g. spouse’s un-
employment or fertility pericds). Mincer introduces the concept of temporal distribution of

1 See Killingsworth [1983] for complete references on versions of these models.
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work where “the timing of market activities during the working life may differ from one
individual to another.” [Ibid, p. 68] Life cycle variations in family incomes and asseis may
affect the timing of labor force participation. According to Heckman [1977], Mincer's ap-
proach implies a “state dependence” behavior in labor choice. In this sense, current work
decisions are not independent of an agent's life cycle.2

Moreover, Mincer stress the importance of household production. Labor supply
functions cannot be derived in a residual fashion from hours of leisure, “...but also the de-
mand of hours of work at home must be taken into account.” [Ibid, p. 65] Household work
represents a productive activity independent of leisure time which in turn affects labor force
participation.

“The total amount of work performed at home is, even more
clearly, an outcome of family demand for home goods and
leisure, given the production function at home....[T]he dis-
tribution of leisure, market work and home work for each
family member as well as among family members is deter-
minate not only by tastes and biological and culturai special-
ization nf functions, but by relative prices which are specific
to indivacdual members of the family.” [Ibid, p. 66)

In the “Theory of the Allocation of Time” Becker [1965] formalizes concepts stated
by Mincer three years before. Following major contributions from Lancaster [1971] and
Pollak and Wachter [1975] the “new” theory of household production become an important
element of modern labor economics. However, it is not until Ghez and Becker [1975] and
Heckman [1976] that Becker's original one period model was extended to an intertemporal
framework.

Most of the research featuring these elements can be found in the female labor sup-
ply literature, where women are more likely to participate in household production as well
as market activities.3 Likewise, labor force participation of undocumented workers
features similar characteristics to those of the female labor market. In this context, potential
immigrants are productive in Mexico (either at the market or the hounsehold) and in the U.S.
labor market. Tn terms of Mincer [1962], the immigration choice is not only determined by
tastes and cultural specialization, but aiso by relative prices across home and host countries.

2 This line of argumentation has its roots in the definitions of "permanent” and "transitory” components of
income, stated by Friedman's Consumption Theory. See Friedman [1957].
3 Female labor force participation is 2lso affected by fertility, spouse unemployment, child care and so on.
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To summarize, this chapter integrates recent developments in dynamic labor eco-
nomics to the concept of undocumented labor force participation. Household production
function, family ties and fixed costs are particular characteristics that govern illegal immi-
gration. These elements may be addressed in a integral labor choice model where life cycle
components are taken into account. The next section develops the basic elements of a dy-
namic model of this sort.

2.2 General Life Cycle Model of
Undocumented Immigration

A major element driving immigration decisions in traditional static models rely solely in
wage rates differentials. According to this approach, Mexican residents will participate in
the U.S. labor force whenever earnings in the latter regime outstrip the former.4 Although
positive wage differentials favoring the U.S. are continuously observed, transitory migra-
tion, i.e. switching back and forth across regimes, represents a typical behavior of undoc-
umented workers. Consequentiy, continzous wage differentials and temporary immigration
may not coexist in 2 traditional static framework.

Heckman and MaCurdy [1980] among others have emphasized that the relationship
between current labor participation and current wage rates are difficult to interpret in a static
model. In addition, these models cannot address issues that involve the response of market
participation and labor supply to fluctuations over time in wage rates and property income.
These issues involve intertemporal effects linking life cycle responses and current behavior.
In order to address permanent as well as transitory undocumented migration, the participa-
tion decision may be modeled in a dynamic framework. A life cycle model cf illegal labor
force participation allows to explain the coexistence of permanent and transitory immigra-
tion flows in an coherent optimal control setting.

2.2.1 The Basic Framework
The representative individual faces two states of the world or regimes: Mexico (m) and the

U.S. (u). Residents in the Mexican state may or may not choose to immigrate illegaily to
the receiving country, either temporarily or permanently. Mexican residents allocate their

4 The word “regime” defines a feasible state of the world, and it is used in the same context as the world
l(wunuy”.
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time in leisure activities [Ly(t)], household production [I(t)] and market work [Hpy(t)].
Following Mincer [1962] and Becker's “new” theory of allocation of time, home residents
are productive in their housebold as long as they invest scme of their time to non-market
activities [Ly(t)+ I(t) > 0]. It is assumed that individuals receive their marginal productivity
as payouts in each productive activity [1(t) and Hp(t)]. Therefore, residents get the home-

market wage rate (Wp,) for working in the labor market and the marginal rate of household
productivity [S(t)] for time invested in non-market activities.

The latter concept, S(t), contains important dynamic information that makes immi-
grants switch back and forth across regimes. Household productivity is cated similarly to
human capita! accumulation in Heckman [1976], Heckman and MaCurdy [1980] and oth-
ers. In these articles, human capital introduces life-cycle characteristics to female labor par-
ticipation. Likewise, in the case of undocumented migration househcld productivity fea-
tures these dynamic elements.

The effects of the marginal rate of household productivity [S(t)] on individuals is
twofold: Throughout the utility function, by augmenting their leisure time, and throughout
the budget set by affecting their household wealth. Firstly, similar to human capital accu-
mulation, non-market productivity is embodied in the individual. Ben-Porath [1567] indi-
cates that “human capital operates like Harrold neutral endogenous technical progress in
augmenting time.” [Heckman, 1976: p. 512] In this context, consumer’s utility function is
positively affected by augmenting home leisure time (L) A simple description of house-
hold preferences which captures the notion that household production has non-market ben-

efits is the instantaneous utility function at age  given by,

(2.1) U=TU[C®), SOLm(, Lu®)] with  U(@0,0,0) =G,
U, Uom, Uin >0,
Ucc: ULmLms ULuLu <0,
UcLi=0fori=m, u;
and fLp>(=)0 then Ly=(<)0.

C(t) is consumption of a Hick's composite commodity in period 7, while L (t) and Ly(t)
are instantanicous leisure time in the Mexican and the U.S. regimes, respectively. The con-
sumer's utility function is assumed to be strongly concave in its arguments with positive
first partials derivatives. Note that if Mexican leisure is zero [L;(t)=0], household produc-
tivity plays no role in the utility function. The magnification effect that non-market produc-
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tivity imposes over L (t) is described by family and social attachments that characterize the
domestic community. These cannot be transferred across regimes, making Lm(t) and Ly(t)
far substitutes. The notion that tastes and cultural elements affect consumer preferences has
been formerly addressed by Mincer [1962].

Secondly, household productivity also interacts with the consumer’s budget set.
Home residents are productive in household activities, thus investment in non-market time
will generate income at each point in time. A perfect credit market is assumed with a risk-
less interest rate r and a requirement that the terminal value of financial assets be non-
negative. Commodity prices are normalized to unity, and the total financial wealth at period
tis A(t). In the absence of taxes and revaluation of capital assets, total savings at age z (i.e.
total change in financial net worth) may be written as’

(2.2) A= 1 A®) + [WnHn® + WHu®] + S@®IE) - C®
where A(0)=Ag and A(T) >0,
and if [Hyp@) +I®]> =) 0thenHy(t) =) 0.

The wage rate and the amount of ticie allocated to market activities in each regime are given
by Wj and Hj(t) (i.e. i=m,r) where in general. Wy » W, I{t) is ime invested in non-mar-
ket activities that take place only in Mexico which is valued at price S(t).The first three
components of the RHS in (2.2) represents the individuai's sources of income: Revenues
(or debt) due to interest payments [rA(t)], market earnings [WmHm(t) or WH(t)] and
non-raarket income [S()I(9)]. Similar to the utility function, if time invested in non-market
activities is zero [i()=0], household productivity plays no role in the individual's brdget
constraint.

Anorer constraint affecting consumer behavior is the dynamic description of the
marginal rate of household produciivity, S(t). Household activities in the Mexican regime
are characterized by diminishing marginal returns in S(t). Thus, increasing the time al-
located to non-market activities, either home production [I(t)} or ieisure time{Lm(D)], affects
negatively consumers preferences and their net worth. In contrast, illegal workers in the
U.S. observe increasing household productivity since home production is not feasible in
this regime. A simple description consistent with this framework is the motion equation for

5 Capital letters with an overhead dot represents time derivatives, i.¢. ¢X/0t= X.
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the rate of growth of household productivity in the home-country, S:

(2.3) S=0S@O-8S[ K +Lnd] with S(0)=Sp and S(T) 20.

Household productivity depreciates exponentially at rate d when individuals invest in non-
market time [I(t) + Lu(t) > 0. Accordingly, the magnification effects observed in the utility

function and the budget constraint due to S(t), decrease over time, 1.e. $<0. Moreover, no-
tice that in the absence of household time [I(t) + Lin(t) = 0], marginal productivity appreci-
ates at rate o. This scenario is feasible in the case where individuals immigrate to United
States. In such a case, the marginal productivity of non-rarket time rises monotonically
over time.

Non-market productivity in the domestic community is the distinctive eiement that
induces life cycle behavior to the participation model. Home consumers are productive at
the market place and/or at the household. In contrast, undocumented participation in the
U.S. does not allow for productive household activities since transitory immigrants are able
to work oniy in the labor market. The dichotomy between household production across
regimes is an essential assumption. This is reflected, on one hand, in the lack of family,
social and cultural reproduction of the domestic environment and, on the other hand, in the
economic attachments of the immigrant with the community of origin such as ownership
and other non-tradable goods, e.g. real estate and cattle.

When consumers participate in the U.S. labor market as transitory workers, they
leave behind family, social and economic attachments that anchor immigrants to their home-
country. In this framework, transitory migration is Gistinguished by family, social and
economic ties with Mexico, which is reflected through the consumer's household produc-
tivity. In contrast, permanent migration is characterized by mobility of family and economic
environments, at least partially, to the host labor market. Under these circumstances,
household production plays no role in the benefit function of illegal workers.

At any point in time consumers evaluate their potential benefits of being in the two
possible states of the world, either permanently or temporarily. Mexican residences report
pecuniary and non-pecuniary benefits as a result of their market and household activities.
Hlegal workers, on the contrary, earn higher relative wages than alternative activities in
their home labor market (net of switching costs). Although market earnings are higher in
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the U.S., undocumented workers may have incentives to return to Mexico, even in the
presence of large wages differentials. This is the case where household productivity in
Mexico becomes high enough to offset large wage differentials (net of fixed cost) across
regimes. Such an argument has important implications since it denies the role of net wage
differentials as the unique factor driving illegal immigration.

To illustrate the elements of this model, consider a representative peasant living in a
rural community of Mexico. Given the socio-demographic characteristics of shis environ-
ment, he shows strong attachments to his community. Furthermore, the peasant belongs to
a cohesive family network who owns a small farm. At age 7, he immigrates illegally to the
U.5. so no Zurther invesament is made in household activities, i.e. It) + Ly(t) = 0. The
migration decision causes a monotonic increase in the marginal productivity of non-market

time in his home community at an exponential rate & so that $>0.

This behavior is observed because undocumented workers in the U.S. cannot re-
produce the family and social environment of their rural communities. In terms of Sjaastad
[1962], for every additional period in the host-country, psychic costs are weighed more
heavily in the decision rule. Moreover, the family farm faces a decaying process since
fewer family members are available to support it which in turn deteriorates the household
wealth. At one point in time, the illegal worker confronts enough psychic and economic in-
centives in terms of household production that it is worth returning to Mexico.6 In this set-
ting, immigrants will return to their home community when the marginal productivity of
household production completely offsets wage differentials and switching costs.

When the peasant is back in Mexico, time is invested in household activities, i.e.
[1(©) + Liy()] > 0. This depreciates the non-market productivity at an exponeniial rate &( S
< 0). The relative importance of S(t) inside the immigration decision detericrates over time.

Household productivity decreases monotonically, and other economic factors, such wage
differentials, will weight heavier in the participation decision.

This cycling pattern of migration is described in figure 2.1. For a given level of
wage rate differentials and switching costs, home residents observe deceasing household

6 Cne important element of immigrants switching back to their home-communities is given by the
magnitudes of ¢ and & which measure the degree of social and cultural attachment as well as the family
distribution of household duties, e.g. parents will have higher values of 6 and 8 than children.
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productivity, i.e. portion totj; at point s non-market activities report low productivity so that
individuals are better off switching tc the U.S. labor market. The immigration decision in-
duces the appreciation of household production due to family ties and economic attach-
ments. S(t) rises up to period 72, where undocumented workers switch back to their home
communities, initiating a new cycle. Notice that the amplitude of the each cycle depends of
the rate of depreciation & and the rate of appreciation ©.

It should be noted that figure 2.1 is related to an (s, S) inventory policy. The
(s, S) policy is one of reordering at times when the inventory level falls below a certain
critical level 5, where S is the maximum level of inventory. Intriligator and Sheshinski
[1986] employ this inventory policy as an example of “event planning”. Here the planning
period may be influenced by the state of the system, where particular events trigger a revi-
sion plan.

Household Productivity
S(t)

to 14
Figure 2.1—Event Planning in Househoks Productivity

Permanent residence in either country is a special case of equations (2.1)-(2.3). In-
dividuals living in Mexico never immigrate if household productivity depreciates suffi-
ciently slow (i.e. small values of &) and/or their stock of wealth [A(0)] is sufficiently iarge,
so as to offset positive wage differentials in the receiving country. In contrast, residents
will immigrate permanently if they can break family and economic anchors to their home
communities. Two consequences resuit from such a decision. Residenis will migrate with
the entire family, and they will sell all non-transferrable property (e.g. farm, cattle, etc.). In
terms of equations (2.1)-(2.3), permanent migration will make Ly (t) and L(t) closed sub-
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stitutes at any point in time; moreover, non-market income will be integrated into the U.S.
budget set.

Finally, an important feature of this framework represents the existence of state
dependency across regimes. Former applications in the field of switching regimes do not
recognize any feedback mechanisms between states.” Here, the consumer's decision to
participate in one regime affects the opportunity costs of an alternative decision. This pro-
cess is transmitted to the participation chcice through the dynamic characteristics of non-
market productivity in the home-country, S{t). Residents in Mexico observe a progressive
deterioration of their household wealth, since S(t) depreciaies at rate § which constitutes an
incentive for undocumented participation in the U.S. labor market. Conversely, household
productivity increases monotonically at rate & as result of the immigration decision, which
endorses switching back to the home-community. Therefore, permanence in one regime

encourages mobility to the alternative state.

To summarize, the major contribution of this approach is that migration flows are
not soiely driven by wage rates and crossing fees as established in traditional static models,
but also by non-market productivity. Life-cycle considerations introduce the possibility of
transitory migration, a widely observed feature, and yet not modeled in undocumented im-
migration literature. Before analyzing the immigration behavior across regimes, the fol-
iowing two sections introduce an independent description of the dynamic elements of both
the sending and receiving countries.

2.2.2 The Mexican Regime

Consider the life cycle profile of a typical permanent resident in Mexico. Individuals are
assumed to operate in an environment of perfect certainty. Life is finite with horizon 7.
Utility at age # is sirongly concave and separable over time, where C(t) and Ly(t) are in-
stantaneous consumption goods and leisure, respectively.® Individuals face a wage market
rate (Wp,) assumed io be fixed over time and independent of their choices.? The individual

7 See Intriligator and Sheshinski [1987] for a particular example addressing the technological changes
between oil-fueled and nuclear-fueled electricity generation plants.

& Recall from conditions in (2.1) that consumption and leisure are gross substitutes, i.e. Uc1=0. This
assumption is not required in the theoreiical specification; however, it significantly simplifies the
exposition.

9 This assumption introduces the intentions of this model to focus on the determinants of immigration
factors rather than leisure-work decisions in each regime. Life cycle consideraiions of market wages are
present in both countries, thus they cancel each other. In contrast, non-market productivity is observed only
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starts life with an initial wealth Ag and dies leaving no bequest [A(T)=0]. Credit markets
are perfect at rate r, and the rate of time preferences is given by p. Permanent residents are
assumed to maximize the time-preference-discounted stock of total utility over horizon 7.
These eiements are presented in the following optimal control problem,

T

(2.4) V_ = Max e Pt UICE), SOL M1 4t
™ {CLLyl g
Subject to:
A =1A(t) + WpHm() + SOIE) - C®)
with A(0)=Ag and A(T)=0,
S = 65(t) - S[Lm(®) +1(1)]
with S(0)=Sg and S(T)>0,
1 =Hp®) + Lyt + 1.

The necessary conditions for an optimum are satisfied by®

(@) State Equations:  (2.5) A—-1A=WgHp +SI-C

(2.6) §-0S=—(I+Lp)
(ii) Costate Equations: (2.7) L+A=0
(2.8) it +0p=—(Al+Uslm);
(iii) Optimality Conditions:
(2.9) Ui=4
(2.10) SUz=v+§
I(AS~-y—-p)=20
.11 AS =y +p iff I>0
Hp(AWnp-¥)20
(2.12) AWn=v iff Hm>0.

And the Hamiltonian function #0(t,C.Lm,LA*,S*A,,1t) is maximized by U=U*.11

in the home-coustry which makes S(t) time variant. The non-homogeneity across regimes of this latter
variable is particularly capture in the present model.

10 1t is assumed p=0 and 8=1. This simplifies the algebraic manipulation without altering any major
conclusions.

11 Arrow and Kurz [1970] describe the conditions upon that necessary conditions (2.5)-(2.12) also
constitute suificient conditions for an optimum {see Proposition 6, p.45).
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From the Kuhn~Tucker Theorem, conditions (2.11) and (2.12) represent a full
range of possible cases or corner solutions.12 Both expressions have interior solutions if
consnmers participate in labor market and household production, simultaneously; other-
wise, individuals will specialize in one activity.

Without further assumptions, the dynamic characteristics of S(t) and its interaction
with the market wage rate do not allow for a simultaneous coexistence between market time
[Hm(t)] and household production [I()]. Conditions (2.11) and (2.12) imply that con-
sumers will specialize in one of the above activities. Suppose that an individual commences
his productive life working at the household, i.e. Hp(t)=0 and 1(t)>0. Successive invest-
ment in non-market time depreciates the consumer’s productivity in this activity due to
equation (2.3). Given compaciness in the preference and the budget set, there exists a point
where the consumer chooses to switch from household production to market activities, Le.
Hmn(t) > 0 and I(t) = 0. Home productivity appreciates at rate & up to the point where mar-
ket activities are no longer profitable. This will make the consumer switch back to house-
hold production (see Figure 2.2). The process continues indefinitely since the agent will ry
to arbitrate any possible gains from switching activities.

Productivity
A
Hm
{varket)
/\\ /’\ 7\ e
(VAR VAR S *
!
{Housshold)
Y

Figure 2.2—Chattering Controlin the Mexican Regene

In the absence of fixed costs, specialization across productive activities (market and

12 gee Killingsworth [1983) for a complete descripiion of leisure-work decision models. Recall that model
(2.4) does not addresses directly this issue, but rather focuses on the immigration decision.
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non-market time) results in infinitesimal zigzags along the ¢ axis of the [t, Productive Time]
plane or chattering control.13 Charttering is observed because it is optimal for the con-
sumer to switch regimes for every infinitesimal difference between the market wage (Wp)
and the marginal househoid productivity {S(1)]. In the limit, an optimal path will imply an
infinite number of switchings.

To avoid chattering control, economists introduce transaction costs or other type of
fixed costs that restrict the number of switchings across regimes. These are feasible solu-
tions when switching regimes take place between nations. However, in this section only
the Mexican regime is analyzed, and fixed costs are not an important issue. Instead, let the
home regime be characterized by two states: (i) A steady state equilibrium, where
market ané household activides coexist at the same time [Hp{t), I(t) > €], assuming a
simultaneous interior solution for conditions (2.11) and (2.12); (ii) a non-siationary
state where only non-market time is assigned by the consumer, letting condition (2.11)
have an interior solution [Hpn(t)=0 and I(t) >0].

The previous approach guarantees that as long as the consumer remains in Mexico,
household prodaction is positive. Labor market time, in contrast, may or may not coexist
with non-market activities which depending on the characteristics of the stationary state in
each period. It is worth noting that the underlying force driving the simultaneous coexis-
tence of market and household activities is found in the relationship between the wage rate
(Wm) and the marginal rate of non-market productivity [S{t)]. A detailed characterization of
this relationship is reviewed next.

2.2.2a Steady State Equilibrium

Here optimality conditions (2.11) and (2.12) are simultaneously satisfied. Therefore, it
must hold

2.13) S = Wy + 8

A

Differentiating (2.13) with respect to time and using costate equation (2.7) yields the dy-

13 See Young [1969] for 2 detailed description of chattering problems in an optimal control framework. The
author gives a very intuitive explanation of "chattering” by comparing it with the probiem faced by a
sailing boat and the optimal number of tacks (pp. 155-57).
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namic behavior of household productivity as a function of “shadow prices” A(t) and (),

52 L+ p(e)r _

2.14
2.14) )

Some algebraic manipulation of the functioss (2.8), (2.10) and (2.11) result in an expres-
sion for the motion equation of the costate variable for non-market productivity

B+ ou® =—-AM[IE) + L& 1;

according to state condition (2.6), the above equation may be writien as

L+ ou® =Am[S—oS)].

In order to obtain an equilibrium condition for the costate variable asscciated with

household productivity ("), the values of S(t) and S in equations (2.13) and (2.14) may
be plugged into the previous condition. Solving for i, the equilibrium marginal utility of

non-marke: production is given by

(2.15) H*=—M .
206 -1

Substituting (2.15) in equation (2.13) and solving for S(t) leads to the equilibrium relation
between nion-market productivity and wage rates given by

lvﬁ"l, where R= 20—t >1for 6>1.
g -1

(2.16) S@* =

Inspection of the steady state equilibriur condition (2.16) reveals that the optimal rate of
household productivity is a monotonic increasing function of the market wage rate. This
condition must hold whenever market and non-market time are simultanecusly positive at
each point of time. Moreover, notice that S(t)* is time invariant; thus, nc external forces
within the Mexican regime may deviate consumers from a steady-state equilibrium.

Solving the first order homogeneous equation in (2.7) and assuming no bequest
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function [A(T)=0], then the costate variable associated with the budget constraint has an
equilibrium solution,

2.17) AD* =rpe Tt with A(0) = Ag -

Under special circumsiances, Ag may be interpreted as the marginal utility of wealth.14 In
the absence of unforeseen circumstances, g stays fixed over the consumer's lifetime.
Furthermore, notice that its value is a function of all the parameters of the model including
the vector of lifetime wage rates and the household initial stock of wealth. In fact, 29 sum-
marizes the individual's life cycle information.

Given the assumptions of strong concavity and twice differentiability of prefer-
ences, a straightforward application of the Implicit Function Theorem over conditions (2.9)
and (2.10) yield the “Ag—demand” functions for consumption and leisure time that satisfy
optimal paths in (2.16) and (2.17):15

(2.13) C* =Cl[rpe™],
* - R
(2.19) L(®” =Lm[ 2o e 15— -

As a consequence of strict concavity in the utility function, these demand functions satisfy
C <0 and L' <0. The equilibrium household supply can be obtained by plugging the
ieisure function into the state condition (2.6),

. oW
100" = g2 ~ Ll hoe ™ g -

Note that $*=0, since S(t)* represents a steady state path. The equilibrium labor supply at
time ? is
6Wn

Bn®*=1 -}k -

14 See Heckman and MaCurdy [1980] for a discussion of these conditions (p. 50).
13 Heckman [1976] and MaCurdy [1981] refer to these equations as "Constant-A(" Demand Functions. This
terminology may be misleading, and it is avoided througthout the exposition.
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Lastly, given that condition (2.16) holds for every ¢, the consumer's total labor supply,
market and non-market, is obtained by adding the previous two equations

@200 [0 +Hn®l=1-Loldoe 5 -

The Ag-demand functions (2.19)-(2.21) decompose market and household deci-
sions into two different elements: (i) An indirect life cycle component, Ay, that contains all
past and future informaticn relevant to the consumer's current choices, and (ii) a direct ele-
ment, W, that represents the variables actually observed in the decision period.

The “Ag-demand” for leisure shows negative direct and indirect effects. Increases in
the marginal utility of wealth or in the market wage rate generate reductions in current
leisure time

oLm()" o ILm(t)"
—Eﬂ-—- <0 and W <.

In contrast, the equilibrium supply for market and non-market time has positive direct and
indirect effects. Larger marginal utilities of wealth, as well as increases in wage rates, ex-
pand the time dedicated to productive activities

() +Hm(H)™] I *+Hm(t)"]
Blom >0 and aw,;" > 0.

Following MaCurdy [1981], the “Ag-demand” functions represent an extension of
the permanent income hypothesis in Friedman [1657] to a situation in which consumption
and productive time varies over the individual's life cycle. According to these functions,
current consumption and labor supply decisions depend on a permanent component and a
current wage rate. The value Ag acts as permanent income in the theory of the consumption
function. Equations (2.18) and (2.20) fully characterize the consumer's dynamic behavior
in a world of perfect certainty.

The expected lifetime wage rate (Wp) and the initial household wealth (Ag) are two
factors underlying the life cycle component (Ag). In order to access the indirect life cycle
considerations of W, and Ag on the “Ag-demand” furctions, a comparative dynamic exer-

cise is presented. This can be addressed by solving the state condition (2.5) associated with



36

the budget constraint. Given the equilibrium values in system (2.18)-(2.20) and under
boundary conditions A(0)=Ag and A(T)=0, the first order differential equation (2.5) hasa
solution
T
W [ GZW
m

2.21) A== 1- m &™) + je’“[L(Xoe'"HC(koe"‘)] dt.
T{ R@o-1 3

Proposition 2.1: A concave and twice differential utility function implies

Proof: (i) Differentiate equation (2.21) with respect to A,
axo
1= -aTA— (L +Chdt.

Concavity of preferences implies (L' + C') < 0. Hence, 0Ag/0Ap must be negative
in order to hold the equality.

(ii) Likewise, differentiation of (2.21) with respect to Wp yields

lr 232‘}1' 3’ R
0=Y1. 2 m|eT )+ 2 | @+ Oyt
1 R@o-D Woo

Given a concave utility function, neccssary and sufficient conditions for dA/0Wm
<0 is that R(26-1) > 262Wp,.
{Q.ED.]

Under proposition 2.1, it is easy to verify that the “Ag-demand” for consumption is
an increasing function of the household stock of initial wealth (Ag) and the market wage

rate (Wp),

acm BC(t)

c“?'_— and C'“-g-—
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Furthermore, the demand for leisure time is a positive function of the initial wealth. How-
ever, it declines monotonicaily with market wages, if the direct (substitution) effect is
greater than the indirect (income) effect:

oLm® _ R .,0A0 . oLm® R ,,9A0 R <
SAe ~WaldAg >0 @ W, TWnlow, Gz O >0.
m

Inspection of the above expressions indicates that consumption and labor supply
decisions in period ¢ are related to the initial household wealth solely through changes in the
marginal utility of wealth, A9. The market wage rate, in contrast, influences the leisure de-
mand in two ways: A direct effect that accounts for current changes in the wage rate and an
indirect effect which induces changes in the marginal utility of income. These two elements
have opposite signs, and the net effect on the demand for leisure is ambiguous.

2.2.2b Non-Stationary State

The non-stationary equilibrium is described by the consumer's specialization in househoid
production where only condition (2.11) yields an interior solution. Individuals allocate the
entire available time to household activities, either lzisure or productive work [I(t) +Lm(t) =
1], while labor market time is assumed to be zero [Hm(1)=0].

Accordingly, under the initial condition S(0)=Sp, the expression associated with
non-market productivity (2.6) has a straightforward solution:

2.22) S@)* = Soem+-:;(1 _eoY)

Inspection of the equilibrium condition (2.22) reveals that non-market productivity is a de-
creasing function of time (§*< 0), if 6Sp < 1; this result contrasts with the stationary case

where $*= 0. Furthermore, under the non-stationary state, household productivity and
wage rate maintain no relation. The dynamics of this variable is described in figure 2.3.

Notice that $*< 0 is required for stability purposes, since non-stationary processes con-
verge to steady-state equilibriums.
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Household Productivity
S(t)*
A
S(0)
Non-Stationary Eq.

R Steady-State Eq.

0 t

Figure 2.3—Dynamic Behaviorof Home-Production Payotis

Similar to the stationary case, concavity and twice differential preference imply that
“Ag-demand” functions can be obtained by means of the Implicit Function Theorem. Thus,

optimality conditions (2.9) and (2.10) may be written as

(2.23) C* =Clroe™],

1

(2.24) Lm()* =Lm[Aoe™] SO

where S(t)* is given by (2.22). Notice that C'< 0 and L'< 0 continues to apply in this case.

A comparative dynamics exercise can be obtained by substituting the equilibrium
demand functions (2.23) and (2.24) into the state condition associated with the budget
constraint (2.5),

A —1tAQ®) =SW)* - Lm®* + CO*].

Under boundary condiiions A{0)=Ag and A{T)=0, iliis differcnce equation has the follow-
ing solution:
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oS
{2.25) Ao=-1-{e'“-1] ——[ ©0_1] + _f[C(x e">+L(x eMie™ar
or o(o-1)

It is easy to show from (2.25), that the marginal utility of wealth, 4, is a deceasing func-
tion of the initial household wealth (Ag) and the initial level of non-market productivity
(S0),

—g%’%<0 and %A§%< 0.

A non-stationary state requires no further restrictions in order to obtair well behaved re-
sults. In this context, Proposition 1.2 also applies to this case. A formal proof follows the
same procedure outlined in section 2.2.2a.

2.2.3 The U.S. Regime

The life cycle model that describes the host labor market is a special case of the framework
presented in the previous section. Here, home production is not feasible [I()=0] and Lm(t)
is not substituted for leisure time in this regime, Ly(t). Furthermore, the market wage rate
is, in general, larger than the corresponding wage rate in the home labor market. Con-
sumption, however, is homogeneous across regimes as well as financial assets and interest
rates. It is assumed that the typical consumer maximizes the discounted value of his lifetime
utility flows,16

(2.26) V= Max jU[C(t),L ®) ™ d
{cu g u

Subject to:
A= A1)+ WuHu(t)-C(1); with A(0)=A0 and A(T)=0,

§ =sS(t); with S(0)=S0 and S(T)=0,
1=Hu{)+Lu).

16 For exposmon purpose. it has been assumed that the immigration process takes place in period 0, and
it will last unti! Sme 7. The determination of the immigration limits is an imporiant feature of the model,
and it will be addressed at the end of this chapter.
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Notice that household productivity, S(1), is independent of the optimization problem faced
by the undocumented resident. Here, home production payoffs appreciate monotonically at
Tate o over time.

Without ioss of generality let p=0. The system (2.26) is maximized by the follow-
ing conditions:
() State Equations: ~ (2.27) A—1A() = WHy(®) - CO
(2.28) S—oS®)=0;
() Costaze Equations: (2.29) A+A=0
(2.30) L+ou=0;
(iii) Optimality Conditions:
(2.31) Ui =X
(2.32) Ua=7%
Hy(AWy—7v)20
(2.33) AW, =v if Hy;>0;

and he Hamiltonian function H(t,C,Ly,A*,S¥A v ) is maximized by U=sU*.

Solving the costate condition using a similar procedure as in (2.17) and assuming
an interior solution for (2.33), the optimality conditions (2.31) and (2.32) may be written
as

Ui=XgeTt and Uz=Wy®Aige™

Under concave preferences, twice differential utility function and gross substitutes, the
“Ag-demand” equations can be obtained by inverting the previous functions,

(2.34) C)* = Clhge™] with C< 0;
2.35) Ly(t)* = Ly[Wyho e 1] with L' < 0.

The comparative dynamics of this model can be evaluated by (i) substituting the
previous equilibrium values into the budget constraint (2.27) and (ii) solving for the entire
life cycle period. Consequently, under the boundary conditions A(0)=Ag and A(T)=0 and
equilibrium values (2.34) and (2.35), the first order differential equation (2.27) has a solu-
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tion given by
W T
(2.36) Ay= -r—u(e'rT- L+ J[WuLu(t)* + C(t)‘}e.ndt .
G

Assuming a well behaved utility function and by means of Proposition 2.1, it is
easy to show that the life cycle component of the U.S., Ag, preserves the same dynamic
characteristics outlined in the previous section where dA¢/0A<0 and dAy/OW<0. It is
hardly surprising that concavity implies a diminishing marginal utility of wealth. From the
assumption that consumption goods and leisure time are normal goods, increments in the
initial stock of household wealth increase the level of consumption expenditure as well as
leisure at all ages:

oLy _ JA0
-m=e—nca—‘35>0 and m—-eﬁWuL%>0.

Note that initial wealth induces its current effects only through the marginal utility of in-
come (Ag) for every period z. The consumption and leisure decisions, in this case, are re-
lated to the immigrant's stock of wealth solely by lifetime considerations.

Similar to the Mexican case, the functional relation between Wy, and the demand for
leisure is ambiguous. The main element that characterizes this functional form is the rela-
tionship between lifetime considerations and current events,

9CH" i m9R0 OLu(®® _ OA0 <
oW, =€ “Cm >0 and —BWT—C‘n[WuLm‘!- Lzlo] > 0.

If the current (direct) effect of Wy dominates its life cycle (indirect) element, then leisure
time observes a negative relationship with the wage rate at age ¢. Recall that in traditional
static models where only current events affect the demand for leisure, this relation is un-
ambiguously negative. The introduction of life cycle considerations, theiefore, does not
only reduce the actual leisure demand as a result of expansions in the wage rate, but also
may vield a positive function. Accordingly, the possibility of highly inelastic labor supplies
or even negative functions are more likely to occur in a dynamic framework relative to con-
ventional static models.
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2.2.4 Integrated Model of Switching Regimes

In previous sections the analysis of the Mexican and the U.S. regimes has been addressed
as separate states without any interaction. This section, however, integraies the results pre-
sented above to the case where individuals may choosc aiiemnative states of the world at any
point in time. In this framework, there exists a choice of altemative migration status at each
instant, but fixed costs are imposed in switching from one state to another. Immigrants
have the option of (i) permaneni residence in Mexico, (if) temporary immigration switching
back and forth across countries or (iii} permanent migration to the United States.

The model is an extension of a cost-benefit analysis. Specifically, it focus on
monetary and psychic costs, as well as the respective benefits of one regime versus an-
other, treating the possibility of switching processes at each instant. The framework allows
for internal optimization along the path, where each regime is characterized by a different
set of preferences and equations of motion.

Following the methodology presented in Intriligator and Sheshinski [1987], the
immigrant's life cycle plan is stated in two different stages. In the first stage, the planner
selects an optimal path over a given period of time for a set of control variables. Here, the
period of a given immigration plan is simply defined as the time interval between succes-
sive niigrations,

Pr=tr41 — 11 where T=0..T-1.

The second stage is characterized by the aggregation of different immigration peri-
ods into an overall life cycle plan. Under this methodology, the planner determines the op-
timal paths for controi variables, i.e. consumption, leisure and productive time, over 2
given period of time. Then a sequence of decision times (switching points) are calculated
within the maximization problem, i.e. tg, ti,..., t, tr+1,-... In terms of Inwiligator and
Sheshinski, this procedure treats the maximization problem through a “complexity-reduc-
tion” process, which breaks the overall problem into a sequence of subproblems. This ap-
proach arises as a result of the complexity of formulating an optimal trajectory over the en-
tire lifetime interval [tg, T3-

Let regime m (Mexico) occur when period Pr is even, ie. tst<t), ©SI<t3,...,
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while regime u (U.S.) happens when P is odd, i.e. tjSt<tp, 135t<ts,.... Accordingly, even
numbered periods Pg, P2, P4,... are those which consumers have chosen the former
regime, and odd numbered periods Py, P3, Ps,... are ones in which they prefer immigra-
tion to the U.S.

There are, however, implicit and explicit costs of switching regimes. The former
are psychic costs that reflect the lack of substitution between Mexican and U.S. leisure
time; while the latter reflects direct monetary costs, which are treated as fixed, and they are
incurred at the beginning of the immigration (F,) or emigration (Fy) period.17

In the first stage, agents face the problem of maximizing the net discounted value of

their utlity flows in each feasible state:

t1+1

(i) Home-country: V_= Max jU[C(t), SWL_®]e 'dt -~ F
P Even t‘:
T
Subject to:
A =1A®) + WpHmn(D) + SOOI — C(1),
S = 6S(®) — [Lm() + IM)],
1 =Hm(t) + Lp(t) +I(0);
t‘:-1—1
(ii) Host-country: V = Max j U[Cm,L ®le’d - F,
{c,L} G
P Odd t‘:
T
Subject to:

A=rA() + WyHy(0 - C(),
S = GS(t),
1=Hy(t) + Lo(t);

where A(t) and S(t) are state variables, subject to the following boundary conditions,

( Ag 1if tr=tp ( So if tr=tp
|

A(t;;):i 0 if t=T-1 and S{tp =iS(T)20 if t=T-1
Free elsewhere Free elsewhere.

17 See the next chapter for more on immigration costs.



Note that residents never immigrate if tz=tg and tr,1=tT. With such conditions, the
analysis replicates a standard life cycle model without switching regimes. In addition, the
general specification also handles the case of permanent migration, where only two periods
are required, i.e. Pg and Pj, as well as F=0.

In cunizast, elements of transitory illegal immigration are replicated by the in-
dividual if at least three different periods are observed: (i) Home residents described by a
steady-state equilibrium, (i) U.S. labor market participation and (iii) home residents char-
acterized by a non-stationary equilibrium. These basic composents constitute an immi-
gration cycle which, in general, can be reproduced any siumber of times during the con-
sumer's lifetime. Furthermore, an immigration cycle requires three independent maximiza-
tion problems, given by systems (2.4) with its stationary and non-stationary versions and
system (2.26) which are inked together by their transversality conditions.

The second stage of the optimization problem is characterized by the aggregation of
different migration periods into an overall lifetime immigration plan, V1,

T-1 T-1
V= Max {érv;'tg] * glf":(‘z)]};

- - - - * - - - -
where {t;]} is the sequerce of switching times and Vi is the optimal value-function in each

regime with i=m, u. For an optimal sequence of immigration periods, the solution involves
a set of switching times which take into account differences in benefit functions and immi-
gration costs. In the case of perfect certainty, differential equations of the Mexican system
can be integrated forward from the initial time tg, starting with the initial m process and
continuing to the next switching time 7. Then, the U.S. regime is integrated using the u
process, from the new initial time #7 to the upper limit given by tp; this procedure continues
up to time 7.

Finally, under a certzinty model, the optimal path results in switching regimes at
known dates. In terms of Intriligator and Sheshinski, this result is characterized by time
planning where “{tJhe nature of the optimal path and, in particular, the switches between
processes is predictable at the initial time t.” [p. 14] Furthermore, the authors argued that
by integrating the systems forward and optirsizing the correspondent process at each point
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of time, the entire past and future immigration behavior can be determined at the beginning
of the life cycle, including all switching points.18

2.3 Structura! Meodse! i ine
Participation Decision Rule

The general specification of the model presented in the previous section does not allow for
a full descriptior: of the participation decision and its interaction with life cycle effects. This
limitation is alleviated in this section by introducing further structure to the original model.
Assuming a specific uiility function that inay be solved for a closed form solution, it is
possible to obtain a tractable mathematical specification. In this context, assume that utility
function (2.1) follows a log-linear monotonic transformation of the form,

aflogC(t)}+[logS M)} {logLm(D)] if Mexico

2.19) Ult, C, SLm, L} ={ .

a[logC(1)] + bflogLly{n)] if U.S.;
where coefficients a and b are positive productivity parameters which are set to one, with-
out loss of generality.19

2.3.1 The Immigration Cycle

Formally the consumer’s problem is to choose the control variables so as to maximize the
migration lifetime value function

2.37) Yi=Vg+Vi+Va-F.

Vg and V5 are the stationary and non-stationary benefit functions in the Mexican regime,
respectively. Vi is the corresponding value function in the U.S., while F represents the
aggregate fixed monetary costs derived from the immigration decision. Expression (2.37)
defines an entire immigration cycle where consumers switch back and forth across
regimes. This cycle can be reproduced any number of periods during the individual's life-

18 The assumption of perfect certainty is relaxed in the following chapter. With uncertainty the qualitative
nature of the solution is completely different. In such a case, optimal switching decisions depend on the
current state of the system for every period of time.

19 Although contemporaneous strong separability is not required in the general framework, this assumption
is maintained here becauss it will be used in the empirical specification of the next chaptez.
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time. Assuming that agents engage in only one immigration cycle over their entire life, the
maximization problem (2.37) can be rewritten as20

L T

b
V= ?/Ci?f ) !{bgC(t) +1ogSOL () +£{IogC(t) +logL. ()} +£{log0(t) +logS(HL (M} |d-F.

subject to:
A =1 A® + [WrHn) + SOIOV + WeHy®)[1 - 3] - C),

S =oS() - §[ X(t) + L) 17,
1 = [Hp(t) + Ln(®) + IO + Hy(t) + Ly(@O1(1-J)-

Consumers immigrate to the U.S. at age 7; and retumn to their home-country at time
12.21 A (1), Ji(t) and y are costate variables associated with the budget, the household pro-
Y g P

ductivity and time constraints, respectively. The boundary conditions are given by

A=A ¢ S(0)=S 1 i

Al = A(ty) Free S _JS(II) Fr%e P 1 if Vopor Vs
®=1A(tz) Free » SO= S Fee T gy

A(M=0 S(T=20 1.

Following the methodology proposed in Section 2.2.4, Vi is solved by integrating
forward the optimization problems Vg, V1 and V2 . The detailed derivation of the equilib-
rium conditions for each of these regimes is developed in the Appendix A.

Y - y S
In summary, tic

uilibrium values for the maximization problems in (2.37) are
given by

(A.15) V, = (T - )r(T - 12) - 2loghn(t2)],
(A.28) V; = (t2— tn)[r{t2 ~ 11) + logWy + 2loghu ()],
(A.43) Vo =—t1[rt1 + 2loghm(t)] -

20 Recall that it has been assumed that the rate of time preference p is zero.
21 Here the switching points are assumed to be known. This assumption is relaxed in the following
section.
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The vector of marginal utlity of wealth is obtained by equations:

(A.14) Alp) = [e(T-1)_ 1] _[Gsﬁi][e@a_‘z)_ e Tty
e o(c-1) Am(12)
(A.27) A = Altp)erbt) + Tl [l t) — 1] + 2021 x|
g Aut2)
(A.42) A = Ae + Yol _ ¥n ][ernl- 1]+ e, |
T'L RQ@o) m(t1

It has been showi: that components of the immigration cycle may be expressed in
terms of their boundary points. Under an optimal control framework, current time 7 has
been integrated in the boundary condiions. Equilibrium equations are expressed as a func-
tion of end-point conditions. These conditions are given in terms of known parameters in
different periods: 0, tj, tz and T.22 Time 0 and time T represent the outset and end of the
immigration cycle, respectively, while z; and #; are switching points within regimes.

2.3.1a Transversality Conditions

Although the system of equilibrium equations are expressed in terms of boundary condi-
tions, only those in periods 0 and T are assumed to be known by consumers at the outset.
Boundary conditions in periods #; and 72 have to be determined inside the optimization
model. Accordingly, two transversality conditions may be incorporated into the frame-
work. In fact, transversality is required in order to link the three independent problems de-
veloped in the last section.

Under the special case of known switching points, z7 and 12, the transversality con-
ditions are given by
*
BV

2.38 _
@3%) BA(I) Aty

22 This set of conditions is given by the following vectors: Endowment A={Ag, A(t1), A(12), A(T)},
household productivity S={S(0), S(t1), S(t2).°3(T)j and marginal utility of wealth A={Am(t1).Au(t2).
Am(2)}-
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(2.39) av‘
. FIVR) 2) =2 (tz)

The partial differentials required by the (2.38) and (2.39) are obtained from equations
(A.15) and (A.28). For instance, the partial derivative of (A.15) with respect to the stock of
wealthin 2z is
3V2 _ 2(’1‘—:2) alu(tz)
AG) a0y OAG)

axu(tz) _ A (t2)
aA(tz) - Z(T—t,_)

where, from (A.14).

Likewise, equation (A.28) follows a similar procedure using (A.27). Some algebraic ma-
nipulation on both conditions leads to

av* av" (1)

aA(tz)-;" (t) and aA(tl)—'h(z)e

The relation within the vector of marginal utilities of income across regimes (A’s) is
found by the substitution of these expressions into the transversality conditions (2.38) and
(2.39),

(2.40) lm(tz) = lu(tz)

—t)
(2.41) A ) =2 _@)e tztl

Not surprisingly condition (2.40) states that undocumented workers will switch
back to their home-country, if “shadow prices” of monetary assets in both regimes are
equal at any point of time.23 Furthermore, under condition (2.41) the marginal utility of in-
come at age #2 is the discounted value of the marginal utility of wealth in the beginning of
the immigration period ;. It is clear that Ay(t2) observes a depreciation process during the
time of migration, to—t;. This result and Proposition A.1 imply that undocumented workers

23 Net of immigration costs.
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are net savers during their residence in the receiving country.2# Under their undocumented
status, immigrants will accumulate assets to the point where A, (t2) depreciates enough to

offset monetary gains in the U.S. labor market.

Non-market productivity, on the contrary, does not require the imposition of further
restrictions since equations (A.24) and (A.38) fully characterize vector S. Direct substitu-
tion of these conditions leads to

Wm o) .
(2.43) S(i:2 =—-R—e : with S(O)=SO=S(t1) .

Introducing the transversality conditions (2.40) to (2.42) into the equilibrium equa-
tions in section 2.2 permits to summarize the major results obtained by the model:

(i) The equilibrium value functions:

(A15)  Vo=(T-1)HT - 1) +2r(tz-t1) -2loghm(t1)].
(A28)  Vi=(2-w)rz-tr) - logWy - 2loghm(tp)]
(A43) Vo =ti[-t; - 2loghm(t)];

(i) End point conditions of the net worth vector A:

A0)=Ag and A(T) =0,

(A.14) Alt) =Lge 1) _1] [GIWm/R]e-GS‘g—il) _1}[9,( OT-0)_1] +
0 o(c-1)
2_(1'_—_1_2_)_ -r(tz—t )
Am)
(A2) AW = ARty B ety - 1)+ 2020,
T Am(t1)
A.42 AO:A +_m.1_ -r[_l _____n.
(A.42) ©O)=A(t)e™ T [ R(Zo—r)][e 1 ]+7tm(tl)e 4

24 Recall from Proposition A.1 thet ihe marginel wtility of income and the stock of wealth in the receiving
country are negatively comrelated.
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Finally, notice that equations (A.14), (A.27") and (A.42) constitute a recursive fully
identifiable simultaneous system with three endogenous variables, L.e. A(t;), A(tp) and

Am(t1).
2.3.1b Comparative Dynamics

The immigration model presented in equation (3.28) has an optimal solution given by the
aggregation of equilibrium value functions in (A.15"), (A.28") and (A.43). This ag-
gregation yields

(2.38) V} =rT(T - 2t1) - (12— t)logWy — 2Tfloghm()] - F 3

where Am(t]) is obtaired by the simultaneous system of end-point conditions, i.e. equa-
tions (A.14"), (A.27') and (A.42) . Inspection of (2.38") reveals that only the wage rate in
the receiving labor market (Wy) directly affects the equilibrium benefit functon of the im-
migration process, V; . The other two exogenoas values, Ag and W, are related to the

migrant's value function solely through Am(t1)-

Accordingly, there are two sorts of elements affecting benefits obtained from
undocumented participation: (i) Current events, such as the wage rate in the U.S., the im-
migration period (t2 — t1) and the interest raie, and (ii) lifetime effects. The initial endow-
ment of consumers [A(0)] and the Mexican wage (Wp,) influence the benefit function
through the marginal utility of income at age z7, which in wrm relates life cycle con-
siderations to migration decisions. '

In order to address a comparative dynamics exercise, one has to characterize the
behavior of the life cycle component , Am(t1), with respect to changes in the vector of in-

dependent variables X.25 A generalization of the results described in Appendix A leads to:

Remark 2.1:  Under certain regularity conditions, the lifetime component of the
immigration cycle is a decreasing function of the initial wealth and
the market wage rates in each country,

25 Where vector X={Ag, Wm, Wy).
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JAm(t1) <0.

Proof.
(i) Initial endowment (Ag):

Recursive differentiation of the end point conditions yields

dA(Y) _ 2(T-1) 4 ) 9Pm(t)
B TV oAy

dA(t]) _ 9A(1) \ 2(12=tp) 9Am(t1)
dAp ~ oAg e-r(tz-t‘)_lm(tx)2 oAy

OAM) .q 21 OAm(t1)

Then
2 dAm(ty)

1=-
Am(t)2 9A0

, with K =[(T-t2)e= 21+ (t-t)e ™ +111 > 0.

Hence, oAm(t;)/0Ag must be negative in order to hold the equality.

(ii) Domestic wage rate (Wpn):
1 [ 2o2wm] 2K JAm(ty)
=] - ~-1t, _ 1) — :
" R@o) (e -1) Am(t)2 9Wu

under the regularity condition R(20-1)>262Wy,, the first term is negative. There-
fore, ohm(t])/OW,. must be negative.

(iii) U.S. wage rate (Wy):

2K  9Am(ty)

1
O==leT,-t,) — 11—
T [ert4) - 1] D2 OWa




tn
88

where the term in brackets is negative, s0 9hm(t;)/OW, <0.
[O.ED.]

Under Remark 2.1, it is easy to verify that the present value of the life cycle utility
streams in expression (2.38), V;, is a positive function of the initial endowment (Ap) and

the domestic wage rate (Wm):

* *

aVI aVI
m> 0 and m >0.

However, the relation of (2.38) with respect to the host wage rate (Wy,) is ambiguous. In
particular,

vy
Wa

== Pl [y 1] -G So.

Current and life cycle effects offset each other. In this expression current events
show a negative relationship with respect to the net benefit function, but suck 2 rejation is
positive when lifetime components are considered. Consequently, an increase in Wy will
lead to a temporary contraction in migrants’ benefits since household activities (leisure and
non-market production) are valued by consumers.26 Over the long run, the immigration
process matures and accurnulation of wealth increases their net benefits. Lastly, notice that
distinctions of transitory and permanent effects intrcduce the possibility of immigrants be-
coming worse off due to U.S. labor participation, even in the presence of large wage dif-
ferentials, Wyp»Wn.

2.3.2 The Non-Immigration Model
Economic behavior of non-immigrant residents is a particular case of the dynamic frame-

work described in former sections given that t;=to=T. Analysis of the non-immigrant case
is important because consumers will compare their net discounted benefits of migration,

26 Family ties and economic attachments in the home-community are important elements considered in this
argument.



53

* . . . . . . *
V;, against the alternative gains of the non-immigration process, V-

Permanent residents in the home-country are assumed to maximize their time-pref-
erence-discounted siock of total utility over horizon T:

T
(2.43) Vg = Max flogC() + logSMLm(®le " dt
{Cr 1’ Lm} 0
Subject to:

A =1A(t) + WnHn(® + SOI®) - CO
A(0)=Ag and A(T)=0

§ = 6S(®) - S[IO-Lm(®)]
S(0)=Sg and S(T)=0

1 =H() + L) + I(Y) .

Under the simplifying assumptions p=0 and 8=1, the Hamiltonian function resulting from
system (2.43) is

#H.(t,C,LL,A,S,AniKniY) = logC + logSLm + Ani(TA+WRH+SI-C) +
Uni(6S—I-Lpy) + Y(1-H-I-L).

Sufficient and necessary conditions are given by (A.29) to (A.36); notice that these condi-
tions characterize a stationary process.

Although model (2.43) has a similar structure as the one described in the steady-
state equilibrium (Appendix A.3), the solution differs in terms of boundary conditions in
2ach case. The non-immigration problem is integrated under the terminal condition A(T)=0,
which implies that the marginal utility of income at age T is positive [Api(T)>0]. In con-
trast, the stationary process, Vg, is identified by a terminal condition where the stock of

wealth is positive [A(t1)>0] and the "shadow price" of income equals zero at age 7;
Am(t1)=0].

The solution of the first order homogeneous difference equation (A.30) over the
end points 0, T yields

(2.44) A O=Ani(0)e
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Ani(0) represents the marginal utility of income at the outset for a non-immigrant consumer;
in contrast, Ap(ty) in (A.37) is the marginal utility of income at the beginning of the immi-
gration period. 1t is evident that these values bear no direct relation.

Assuming an interior solution, the steady-state equilibrium implies S*(©)=Wm/R and

$=0 . Accordingly, the “Ani(0)-demand” functions are given by

.45 c* M= ert,
)= }.p-(O)
* R
(2.46) L*(t) = ———clt;
WmAni(0)

using equation (2.46) and condition $=0, the supply for productive non-market time is

Gwm R
2.47 I* - .
(2.47) O=—7 ) e

In order to access the lifetime effect of Ap;i(0), equilibrium conditions (2.45) to (2.47) may
be substituted into the state condition associated with the budget constraint,

. 2
A—rA(t)=Wm[1 - "W’“] _2

et
R26-01  #0i(0)

Under the boundary conditions A{0)=Ag and A(T)=0, the equation above has a so-
Intion given by

IWr -l{o—rT 11+ 2T
R2o-1] Ani(0)

(2.48) A0 = [1 -

It is easy to show under Proposition A.1 that dA;i(0)/0A0<0; in addition, IAni(0)/OW <0
holds if RQ26-1)>62W,.

The equilibrium benefit function for the non-immigrant case,V;I, may be derived
by substituting “Ani(0)-demand” functions (2.45) and (2.46) into (2.43), and integrating



over the lifetime interval [0, T]

(2.43) Vi = TGT - 2loghni(O] ;

with Ap;(0) given by expression (2.48). Inspecticn of {2.43") reveals that BV;IBAO is un-

ambiguously negative; in contrast, BVIIEWm is negative only if the lifctime effects domi-

nate current events.
2.3.3 The Decision Rule

Undocumented participation in the U.S. labor market is an economic decision. A cost-ben-
efit analysis of immigration addresses the elements driving the participation decision. Con-
sumers evaluate benefits and migration costs against permanent residence in their home-
community. In this context, undocumented participation is chosen upon the realization of
the lifetime trajectory that reports higher net utility.

Transitory immigration represents a straightforward application of model (2.38),
where undocumented workers switch back and forth across regimes. Permanent residents
in Mexico, in contrast, is addressed in system (2.43). The immigration decision is driven
by the comparison of these two processes. The difference between the equilibrium values
of lifetime utilities in each state of the world, GAP, is defined as

_ * *
GAP=V| - Vy:

plugging the equilibrium values derived in expressions (2.28") and (2.43), the GAP equa-
tion may be written as

(2.49) GAP =— 21Tt; — (t2-t1)logWy, + 2T[loghsi(0) — loghm(t)] - F .

Ani(0) is given by expression (2.48), and An(t1) is obtained by the simultaneous equations
(A.14"), (A.27") and (A.42). Note that the term in brackets represents the life-cycle ele-
ments of the immigration decision. Furthermore, lifetime components are induced by dif-
ferentials in the marginal utility of wealth in each process. If the value of GAP is positive,
then home residents will participate in the U.S. labor market as transitory workers, while a
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negative value of GAP implies no Mexican undocumented participaton.

Permanent immigration to the U.S. constitutes a special case of the model (2.38)
where t=T. In this case, the GAP equation may be written as

(2.49") GAP =— 2rTt; — (T-t)logWy + 2T[loghni(0) — logAm(t1)] - F,
and Ap(t;) given only by expressions {A.27") and (A.42); An;(0) is still Gbiained by
(2.48).

2.3.4 Endogenous Switching Points

It has been assumed in the previous analysis that the migration periods in which undocu-
mented workers switch regimes are known at the outset. This assumption constitutes 2
complexity-reduction procedure. However, switching points may be determined within the
optimization model. This section presents an outline of the methodology required in order
to obtain endogenous switching points.

Recall that the simultaneous equations (A.14"), (A.27') and (A.42) are a recussive
system with three endogenous variables, i.e. A(t2), A(t;) and Am(ty). If the assumption of
predetermined switching points is relaxed (t1 and tp are set free), two new equations are re-
quired in order to obtzin an identifiable system. This new set of equations is provided by
the transversality conditions of the free points. Following Kamien and Schwartz [1983], if
t1 and t) are free, then it must hold that

-
=

v
(2'50) - Ez- = ﬁu'\’tz,CJ‘lI,AaSs?"U:uu) =
logC + logly+ AgltA+Wy(1-Ly)-Ci+ ol S,
av,
(2.5 1) bt E‘ = ﬂm(tl,C,I,IJm,A,S,lm,p.m) =

logC + log(SLm) + AmrA+WpHm(1-Ly—D+SI-C] + im(65—I-Lm).

Notice that the Hamiltonian functions, £, and #£,, are evaluated at the free points 72 and
t7, respectively. In this context, the entire set of variables in conditions (2.50) and (2.51)
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can be determined by the previous results presented throughout the model. Proper sub-
stitution of the variables required for such conditions yields two transcendental equatiosis
that may be solved in terms of the free points. The resultant expressions, in terms of 7z and
17, are incorporated into the original set of end point conditions, i.e. A(t2), A(t;) and
Am(ty). The simultaneous interaction of these five conditions will provide the life cycle in-
formation required by the GAP equations in (2.49) and (2.49").

Concluding Remarks

This chapter develops a life cycle model of Mexican undocumented labor force participa-
tion. Unlike traditional static models, illegal immigration is analyzed in a dynamic frame-
work where transitory migration is an optimal solution. It is shown that household produc-
tivity in the Mexican regime, but not in the U.S. labor market, constitutes a major
consideration to explain the coexistence of temporary migration and large positive wage
differentals across countries.

The objective of this analysis is to obtain a decision rule that describes undocu-
mented participation, either transitory or permanent, in an environment of perfect certainty.
Accordingly, life cycle components of the migration process are integrated into a maxi-
mization process and solved for their boundary conditions. Assuming a specific set of con-
sumer preferences, close forms solutions are obtained in terms of values known at the out-
set. In this framework, a cost-benefit analysis is developed in the context of switching
regimes. Domestic residents will participate in the U.S. labor market if the discount value
of their net lifetime benefits is greater than the discount value of their Mexican opportuni-
tes.

A major contribution of this model is found in the identification of the elements
controlling the duration of Mexican undocumented migration. Transitory immigration is
characterized by strong family, social and economic attachments with the home-commu-
nity. In this context, home residents are productive in household activities and in the labor
market, while undocemented workers in the U.S. are productive only in the labor force.
Moreover, leisure in Mexico is far substitute of leisure in the United States. Permanent mi-
gration, in contrast, is characterized by the imperfect transferability of household environ-
ment. Permanent residence in the U.S. required breaking family, social and economic an-
chors with the home-regime which in turn results in family rather than individual immigra-
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ton.

The analysis of undocumented participation is addressed in an optimal control
framework, where residents switch back and forth across regimes. The consumer’s benefit
function, as well as the dichotomy between home-production possibilities in each county,
are the factors underlying the behavior of switching regimes. Furthermore, household pro-
duction introduces the dynamic characteristics of the model. The marginal productivity of
household activities decreases during residence in Mexico, but soars when immigration to
the U.S. takes place. This behavior leads to a cyclical pattern over the individual’s lifetime.

Not surprisingly, the life cycle specification resulting from this chapter predicts that
consumers are willing to migrate to the U.S. because of a deterioration in their stock of
wealih. A standard result found in traditional models somewhere else. However, the theo-
retical contribution of the present analysis is that depreciation of wealth is originated by di-
minishing marginal returns of household production, rather than a direct comparison of
market wage rates across regimes. Participation in the U.S. labor market induces a mono-
tonic increase in the marginal rate of household production, since no time is allocated to
non-market activities in Mexico. Eventually, consumers switch back to their home-
communities because productivity have grown enough to offset net monetary gains of their
undocumented status. This initiates 2 new immigration cycle which reproduces the lifetime
behavior of undocumented immigrants.



CHAPTER 3

STOCHASTIC MODEL OF
MEXICAN PARTICIPATION AND
UNDOCUMENTED LABOR SUPPLY

*Life can only be understood going backwards, but it must be
lived going forwards.”
Kierkegaard

This chapter presents a discrete life cycle model of undocumented participation and labor
supply in which future events are uncertain. The objective of this analysis is to develop a
tractable stochastic model that can be tested in cross-section empirical estimation. This
model relies on the basic set of results discused in the deterministic framework presented in
the previous chapter.

A major modification in this chapter is the introduction of stochastic behavior within
undocumented migration. Here, uncertainty about the future and the discrepancy between
anticipated future values of random variables and their realization are imporiant elements
that determine Mexican undocumented participation. An important consequence of admit-
ting uncertainty into the analysis concerns the way in which randomness enters the empiri-
cal mode. Three sources of uncertainty are introduced: Incomplete information, household
productivity and wage rates in both countries.

Although dynamic models are used extensively in recent economic literature, much
of the empirical studies dealing with undocumented immigration does not recognize life cy-
cle theory, and practically none of them formally introduce the possibility of uncertain be-
havior. Breaking with this tradition, the preseat chapter relies on important contributions in
the fields of dynamic programming and stochastic behavior. Here, the interaction between
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lifetime effects and state variables is studied in a context of rational expectation models.

Contrary to traditional static rnodels, Mexican intertemporal immigration is the re-
sult of two independent factors: The participation decision and the acrual allocation of mar-
ket time. Labor supply choices in the U.S. are observed only if undocumented participation
takes place at any point in time. In this context, immigration costs and the process of
forming future expectations are two major elements in determining these decisions.

The chapter proceeds as follows. Section 1 provides a brief review of the economic
literature on life cycle models under uncertainty and immigration costs. Sections 2 and 3
develop the core elements of the participation rule. First, a general stochastic model is de-
rived under dynamic programming techniques, and second a search model is introduced in
the context of variable immigration costs. Section 4 proposes an empirical specification for
Mexican undocumented particig.Zon; while section 5 discusses the labor supply and the
determination of wage rates in an integrated simultaneous eguation model. The chapter
concludes discussing some final remarks.

3.1 Literature Review

The study of undocumented population flows has long been of interest to social scientists.
Demographers, sociologists and anthropologists focus on illegal migration as the dominant
factor in shifts in the composition of domestic population and the effects of those changes
in the social environment. In contrast, the economics of illegal immigration, is viewed by
some authors as an efficient reallocation of resources. Thus, the existence of Mexican par-
ticipation in the U.S. is conceived as an indication of the proper functioning of market
structure within the economy.

The treatment of undocumented population flows as a consequence of market effi-
ciency is not new in the literature. In a seminal paper Sjaastad [1962] inroduced a model of
spatial separation markets and lifetime approach to regional migration. Sjaastad argued,ina
dynamic framework, that individuals choose locations at each point of their life cycle so as
to maximize the present value of their lifetime utility. The treatment of “...migration as an
investment increasing the productivity of human resources” is viewed as an optimal re-
source allocation [Ibid, p. 82]. An efficient allocation is obtained since individuals will not
migrate until their productivity elsewhere is sufficiently high to compensate for rent differ-
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entals.

MaCurdy [1985] provides a study that formulates a tractable empirical model of la-
bor supply that addresses decision making in 2 multiperind setting where the future is un-
certain. The author not only develops the underlying theory required for the specification of
a stochastic model but also introduces conditions upon which life cycle components may be
interpreted in an empirical cross-section model.

In addition, the process of forming future expectations is discussed in Hall [1978]
and Altonji [1986]. Although Hall’s paper addresses the life cycle permanent hypothesis in
a consumption model, the implication for undocumented immigration are rather relevant to
the understanding of rational expectation bekavior. The author argues that if deviations of
consumption from its trend are unexpected and permanent, then the best forecast of future
consamption is the current level adjusted for its trend. “Forecasts of future changes in in-
come are irrelevant, since the information used in preparing them is already incorporated in
today’s consumption.” {Ibid, p. 973] Furthermore, Altonji explores in a life cycle model
with uncertainty the sensitivity o the labor supply function to intertemporal variations in
the wage rate. Following MaCurdy, th= author introduces a model of rational expectation in
order to predict lifetime behavior of consumers. He concludes that temporary changes have
litile effect over the lifetime component of labor supply.

A major element in Mexican labor force participation constitutes immigration costs.
Fixed costs in the context of leisure-labor decision models have been widely studied in re-
cent literature.! In particular, Cogan [1980] introduces fixed costs as externalities in a
Neoclassical sense. These distortions impose non-convexities in the budget and time con-
straints, which result in discontinuous labor supply functions. The contribution of Cogan,
however, is found in the distinction between time and monetary costs, e.g. migration
experience and crossing fees, respectively. These concepts are inversely related, since im-
migrants will irade-off time and monetary resources in order to minimize their total invest-
ment. 2

Hill [1985] proposed a model on undocumented migration where the sole distortion

1 See Hanoch [1980], Heckman [1980] and Killingswoth [1983].

2 For instance, an experimented illegal worker will eventually offset crossing fees, relative to recent
immigrants. The “known-how” may be acquired by self-experimentation or by allocating monetary
TEeSOUrces.
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in the system is due to border enforcement and employer interdiction. The author argued
that restrictions on immigration are similar to restriction on trade.® There is little of eco-
nomic differences between admitting fewer low-skill immigrants and taxing imported
goods that required large amounts of lew-skill labor. Each policy tend to reduce the do-
mestic national product. Hill concludes that a policy of more vigorous border enforzement
wili trade-off economic efficiency for an income redistribution to a relatively small sector,
i.e. from high-skilled workers and farmland, to the low-skilled sector.

Finally, Ethier [1986] and a follow up paper by Bond and Chen [1987], present a
stochastic model of undocumented participation where border enforcement and employer
sanctions are feasible. Although the model is restricted to the analysis of labor demand, the
interaction between immigration costs and employment decisions is relevant for the present
analysis. The authors concluded that individuals who bear the burden of immigration con-
trols (e.g. tax payers) are not, in general, the ones who collect the benefits of the enforce-
ment policy (e.g. low-skilled workers).

3.2 Intertemporal Preferences
Under Uncertainty

This section presents a modified version of the theoretical framework developed in the pre-
vious chapter. Twe new elements are introduced in the present discussion. First, this
study considers time ¢ as the individual’s age. This variable is required to be an integer so
that the theoretical model reflects the discrete characterization of time. Second, stochas-
tic behavior introduces a framework that underlies the empirical specification of the immi-
grants’ decision rule and their labor supply.

This section introduces the basic ideas and methods of dynamic programming. The
analysis displays the objective furction and restrictions in a life cycle model with uncer-
tainty which is applicable to empirical estimation. Here, undocumented Mexican workers
confront future labor participation decisions which are a realization of stochastic processes
partially controlled by their own strategies. According to Burdett and Mortensen [1978] the
appropriate technique for deriving and characterizing optimal strategies under uncertainty is
dynamic programming. In general, this approach permits breaking a single large dimen-

3 Net of welfare losses since domestic low-skill workers may be displaced. Nonetheless, efficiency gains
obtained as result of undocumented migration are more likely to offset negative redistribution effects.
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sional problem into a collection of smaller optimization probiems that can be solved se-
quentially. A formal derivation of the stochastic maximization model is presented below.

3.2.1 A Dynamic Programming Model

The study of the undocumented labor force participation requires the specification of con-
sumer preferences and constraints governing asset accumulation and household production.
Similar to the continuous time model, the consumer’s lifetime utility function is assumed to
be strongly separable over time and within its arguments.# Formally, at each age z the con-
sumer’s problem is to choose policies C(t), Lm(*t), Lu(T) and I(7) for 72t, to maximize the
expected uiility of the time-preference-discounted sum of lifetime utility

T
1
_ —1 _ yl[cm).S@L (D.L.(7)
M h?g.}f..l} E‘{Zt (1+p)T'T [ " B ]}

where E, is the mathematical expectation operator that indicates the information set available
at time 7. Recall that according to the utility specification in equation (2.1), Lm(t) and Ly(®)
coustitute exclusive elements in the utility function, i.e. L;p>(=)0 if Ly=(>)0 for every . By
virtue of Bellman’s principle of dynamic optimality [Bellman, 1957] the value function V(1)
may be rewritten as a function of recursive substitutions for the closed interval [t, T}

i T
V()= Max {U[C(t),s(t)Lm(t),Lu(t)] +E, Y -—I—T—T-U[C(t),S(t)Lm(t),Ld(t)] }
(ICLI) =t+1 (1+p)

The first term of the RH.S. is the present value of utility flows realized in period [t, t+A).
The second term is the expected value of the maximum end point utility (t+1,T] at date ¢
given that an optimal strategy is pursued subsequent to t+A. The previous two expressions
may be combined in a simpler representation of the Befiman funciional form,

(3.1) V() = ?gam?[ C(D), S(OL (), L (O] + VD).

Expression (3.1) indicates that the maximization problem in period [t, t+A)

4 See Altonji [1586] for a discussion on these assumptions and the impiicaiion on labor supply estimation.
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summarizes all past and present information available at age t. This implies that optimal be-
havior in each period guaranties an optimal path during the consumer’s life cycle. Dynamic
programing decoraposes the overall optimal problem in sequences cf independent maxi-
mization problems that are carried over the set of control variables. Each one of these
problems is far more simple than the original. In terms of Bertsekas [1987], “dynamic pro-
gramming is the only general approach for sequential optimization under uncertainty.”

(p.15)

The first element of the Bellman equation in (3.1) is maximized subject to three
constraints: Asset accumulation, household production and allocation of time.> The discrete
time versions of these conditions are the following:

Asset accumulation,
(2.2) A(t+1) = (140)A®) + [WpHm(® + SOOI + WyH®[1 -] - CO,
with A(t)=A; and A(T)=0; O<r<1.

Household prodaction,
(3.3) S@+1) = 6S(t) — O I(t+1) + Ly (t+1) I + €(t+1),
with $(0)=Sp and S(T)20; 0< & <1, &(t+1) ~ (0, 7).

Time allocation,
(3.4) 1 =[Hn(?) + Lm(t) + I + [Hu(?) + Lu(DI(- ),
forallt=0...T.

The dichotomy (0, 1) variable J indicates two mutually exclusive regimes. The Mexican
market (u) is represented by J=0.

So far, uncertainty is introduced to the model throughout two distinctive mecha-
nisms: Preferences and home productivity$. First, concavity in the utility function is equiv-

alent to risk aversion. If the utility function is strictly concave in income and leisure in both
regimes, the optimal choice of control variables [C(t), Lm(t), Lu(t), K1)l is unique and con-

5 The rationalization of these set of constraints and the way in which affect the immigration process is
discussed in detail in section 2.1.

S Wage rates in both countries constizute a third source of stochastic behavior which is developed in the
next section.
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tinuous with respect to the vector of state variables, i.e. wage rates [Wp(t) and Wy(D], fi-
nancial wealth [A(t)] and marginal procucdvity of household work [S(t)]. Following Bur-
dett and Mortensen [1978], “concavity of the utility function [and thus of the value function
V(2)] is a cardinal property of preferences and as such has no meaning in the standard the-
ory of household demand under conditions of certainty.” (p.127) However, under uncer-
tainty, this property may be interpreted in the sense of Arrow-Pratt’s risk aversion.”

Second, the marginal productivity of household activities S(t) foilows a stochastic
process described by condition (3.3). A basic hypothesis is that the serially uncorrelated
random term {1 satisfies

E[e(1)}=0, E[€?}= 67 and E[gsgr-J=0, for all t and s=0.

The assumption of £(t) following a white-noise process implies that only non-expected
change will affect home productivity payouts in the future. However, alternative specifica-
tion may describe more accurate undocumented immigration. For instance, farmer workers
may follow a Markov process of the type e(t)=be(t-1)+7(t), where Ibl<1 and 1(t) 1s white
noise. In this case, consumers are highly productive in their home communities during
particular seasons [e.g. harvesting], while during periods of low Mexican productivity they
will engage in temporary migration to the U.S.

3.2.2 The Optimal “A-Demand” Functions

Given that consumers participate in the Mexican labor force, i.e. J=1, optimization of the
benefit function (3.1) subject to motion equations (3.2)-(3.4) implies the following first-
order conditions:

@) For t=

(3.5) UclC®), SHLm(®] = Am(®),

(3.6) SOULIC®), SOLm®] 2 Ym(t) - Sm(®)
equal if L (®>0,

3G.D AmOS(®) 2 Ym(®) — Spm(®
equal if I(t)>0,

7 See Variar, {1984] for a formal treatment for the Arrow-Pratt measure of risk aversion
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(3.8) An(OWm(t) 2 Ym0
equal if Hm(f))ﬁ.
(ii) For t=t+1,
(357 By~ UclCa+D), S+ Dim(t+1)] = Tz A0
ivp
Qe 1)
(3.6 E ”;+ ~~ ULIC(i+1), SE+1)Ln{t+1)] 2 Ym(t) - Sopm(t)
equal if Ly (t+1)>0,
3.7) Am(®S(t+1) 2 [Ym(t) — dopm(®I(1+1)
equal if I(t+1)>0,
(3.839 Am(Wmit+l) 2 ym(D)[1+41]
equal if Hp(t+1)>0.

Where, in particuiar, Am(t) represents the Lagrange multiplier associated with the budget
constraint or the marginal utility of income at age 7. Moreover, note that the previous set of
Kuhn-Tucker conditions may or may not hold with an equality; this introduces the possi-
bility of corner solutions within the Mexican regime. Accordingly, condition (3.6) and
(3.6") determines the choice of leisure across time. Consumers choose not to work when
this relationship becomes a strict inequality. However, it is assumed that they always allo-
cate a positive amount of productive time either in the market or/and the household, i.e.
Bn®)+I(t)>0. Consequently, the lack of time resources allocated to productive activities in
the Mexican regime will imply undocumented participation in the U.S. labor market.

Conversely, given that Mexican undocumented workers immigrate to the U.S., i.e.
=0, the first-order conditions of the maximization problem in (3.1) may be expressed as

(i) For 1=t,

(3.9) UclC®), Ly®)] = Ap(t),

(3.10) ULICD, Lu(®] 27
equal if Ly(t)>0,

(3.11) Au(®OWy(t) 2 YD)
equal if Hy(t)>0.

(ii) For 1=t+1,
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. 1 1
(3.9) B UlCE DL D] = Trrha)
(3.10) Eqi—puucam, Ly(t+1)] 2 Yu®)
equal if Ly(t+1)>0,
(3.119 AaOWat+1) 2 Y®1+1]
equal if Hy(t+1)>0.

Notice that in this case, household production becomes a non-binding constraint with
S(t+1) following a first order Markov process.

The equilibrium demand functions for both regimes may be cbtaiued given a
straightforward application of the implicit-function theorem over conditions (3.5)-(3.6) and
(3.9)-(3.10). Consequently, consumption and leisure demands in each regime are function
of their marginal utility of income [Am u(1)], the payoff rate for household production [S(1)]
an_ che market wage rate [Wy(D)]

Regime: Mexico U.S.

(3.12) C*® = ClA_ @] C'®=CA®]  withC<0;
. L0 . Lo

(3.13) Lm(t) = —S_*(t)_- Lu(t) =W with L'<0.

According to expressions in (3.13), wage rates in each country affect the demand for
leisure in different ways. Market wages in the U.S. regime appear as an explicit argument
in the functional form, while in the Mexican casc the wage rate and the marginal productiv-
ity of home production interact in the determination of its leisure demand. This argument
becomes more evident in the derivation of S*(t) that follows.

The optimal payoff value of household activities in the Mexican regime [S*(t)] may
be obtained from conditions (3.7)-(3.8) and their intertemporal equivalence (3.7)-(3.8")
where8

8 This arguinent assumes the existence of a staticnary equilibrium in the sense defined in section 22.In
such a case, consumers allocate time to both productive activities: household and market activities. The
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AW -SW1 = dum(t),
AmO[Wn{t+1) — S+1)] = (1+Ddpem(®)-

Some algebraic manipulation of both conditions yields a first order difference eguation of
the form

S(t+1) = (1+006S (1) + Wi(1+1) — (1+1)5Wn(D).

Notice that solution of this expression is stationacy if its characteristic roots fall outside of
the unitary circle of the complex plane. This condition is met when p= (1+1)C is less than
one. Let AW (ti= Wimn(t-pWm(t—1) and given the boundary condition S(0)=Sg, then S™(1)
may be solved backwards for the time horizon 1=0...t,

t
(3.14) S'® =p'S,+ D, pTAWL ().
7=1

The optimal condition (3.14) relates the current value of household production with
the evolution of the market wage in the Mexican economy. Indeed, any change in current
levels of wage rate in the domestic market (e.g. an economic recession) will affect the a-
priori composition between market and household activities. Furthermore, expression
(3.14) shows that temporary changes in the Mexican wage rate has little effect over the
labor-leisure decision obtained in (3.13). Conversely, permanent effects in the market
wage will not only influence the leisure demand through changes in S*(t), but also will af-
fect the marginal utility of income Am.

Lastly, the basic analysis is completed with the specification of the optimal amount
of time allocated to home production [I*(®)]. From constraint (3.3), I(t) may be expressed
as a function of current and past home-productivity payoffs, current leisure demand and a
stochastic term that characterizes non-expected family and economic events

1) =- % [S() - 6S(t-1) — £(®)] — Lun(t).

generalization for a non-stationary case with only houszhold production follows straightforward.
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Using the optimal values in equations (3.13) and (3.14), the previous expression may be

written as
1 K
(3.15) o= §_ég_ % [Pt'lso(P—G) + AW (1) + (1—6)12,_l pITAW,_(x } _LL).

Finally, recall from the discussion in Chapter 2 that the vector of control variables
[C, L, Ly, I] is formed by two major components: Current direct effects and life cycle in-
formation. “A-Demand” functions (3.12), (3.13) and (3.15) decompose decisions of con-
sumption and allocation of time into variables actually observed in period t, €.g. Wry(t) and
Wy(t). and a lifetime element A(t) that summarizes all past and future information relevant
o consumers. The marginal utility of income changes only when new informaticn becomes
available, therefore anticipated shifts in state variables like wage rates and asset ac-
cumulation held A(t) constant. In fact, temporary changes in the state of the world has little
effect on this variable.

To summarize, this section presents a general discrete model where future events
are uncertain. Using dynamic programming techniques, the maximization problem is
solved for the control variables, where current and lifetime elements interact in the determi-
nation of optimal consumption and labor supply functions. The basic consumption-leisure
choice model constitutes one element of the immigration decision, which characterizes the
individual’s benefit function in each country. However, switching regimes is costly and
immigration costs constitute a major element in the Mexican participation decision. This is-
sue is reviewed in the following section.

3.3 Immigration Costs

In previous theoretical and empirical work, immigration costs have been treated in much the
same way as a fixed license fee in traditional consumer theory [Chiswick, 1977; Reimers,
1982; Borjas, 1987]. Undocumented workers are assumed to incur fixed time and/or
money costs upon entry in the U.S. labor force. These components of the total cost are as-
sumed to be invariant to changes in the economic environment. Tthis section, in contrast,
studies two sources of immigration costs, firstly in the context of time and monetary fixed
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costs, and secondly in relation to variable or search costs. An important implication that
emerges from this analysis is the existence of a link between domestic (U.S.) labor market
disequilibrium conditions and search costs. A direct consequence of this relationship is that
exogenous increases in the demestic wage rate will actually discourage Mexican participa-
tion in the U.S. labor market.

3.3.1 Fixed Costs

In order to participate in the U.S. labor force undocumented workers engage in a series of
private costs of migration. They are, in particular, monetary cr fixed-entry costs and non-
monetary costs. The former include out-of-pocket expenses of switching regimes, while
the latter include forgone earnings and "psychic" costs of changing the individual's envi-

3.3.1a Monetary Costs

This category includes expenditures for transportation, food, lodging and crossing fees.
The magnitude of those <osts are by no means insignificant considering that, typically, un-
documenied workers come from rural or blue-collar urban regions. Browing and Ro-
driguez [1985] pointed out that "even the young unattached man who hitches rides to the
border, swims across the river on his own, and then walks several hundred miles to his
destination, needs a stake" (p. 287). However, the do-it-yourself approach has become rare
in recent times, even among the young men. Now, an efficient crossing technology has
developing a profitable industry. Virtually everyone use the services of a coyote (those
who guide illegal aliens across the border). This "agent" provides a full range of services,
from motorist delivery to the destination to finding housing and even an initial job.

In 1981 the rate for an adult to cross the border from Mexico and te be delivered in
a Texas destination (San Antonio or Houston) was about 300 dollars [Browing and Ro-
driguez,1985], while in 1985 the same service ranged from 500 dollars to 1000 dollars
[Huddle,1985]. For a family of four the tour would require more than 2500 dollars. Quite
sizable amounts considering that a Mexican urban blue-collar worker earns about three
dollars per day.

Aside from the fixed costs involved in reaching the labor market locaticn, undocu-
mented immigrants need some financial resources to defray costs while they settle and find
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jobs. Most of the time this is not a major consideration, since about everyone has some rel-
ative or friend already working in United States. In addition, a social network (charity as-
sociations, chapels and so on) will provided food and shelter to the newly arrived. They
will be critical contacts in finding the first job.

3.3.1b Non-Monetary Fixed Costs

The consideration of this sort of costs are, in terms of Sjaastad [1962], probability far
more significant then fixed-entry costs. The opportunity costs related with earnings forgone
while traveling and learning a new job are concepts included ir this category. However,
Browing and Rodriguez [1985] pointed out that most jobs available to undocumented im-
migrants rarely demand skills not acquired already on the job in their source country.
Hence, on-the-job training and learning costs are not 2 major obstacle.

Nonetheless, the most important learning process faced by the illegal workers is
their inability to speak English. Most Mexican immigrants do not learn the language in any
systematic fashion. They acquire, instead, a minimal basic vocabulary of words and
phrases enabling them to perform adequately on the job and routine shopping situations.
This provides the rudimentary communication skills needed to move around the U.S. labor
market.

A second form of non-monetary costs considered are the "psychic” costs reflected
in terms of the reluctance to leave familiar surroundings, family, friends and so on. These
sort of costs have special consideration in social environments that involve strong family
ties. Sjaastad recognized that “psychic" costs do not affect resource allocation, since they
do not involve real resources for the economy and should not be included as part of the
immigration process.

In order to analyze correctly undocumented mobility, two different categories need
to be distinguished: Individual and family immigration. Browing and Rodriguez [1985]
stress this point by arguing that individuals working in the U.S. for only a short time can
engage in all kinds cf "unnatural" behavior (e.g. working 70 hours per week, sharing a
room with two or more friends, saving and sending back home half or more of their in-
come), because their time horizo:: imply temporary permanence. Family migration, how-
ever, requires a settlement process with different strategy. In the latter case, a time horizon
set the basis for a pcrmanent residence.
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3.3.2 Search Costs®

Labor force participation literature has long recognized the importance of measures of labor
market conditions in its efforts to explain participation rates.10 In particular, undocumerited
labor force participation is affected by the so-called “discouraged worker” hypothesis. The
argument stresses that market participation is less likely to occur when jobs in the U.S. are
more difficult to find. Although this is a notable idea in the context of undocumented immi-
gration, it has not been formally documented in the economic literature. A simple model of
linear “search technology” is developed below.1!

The basic proposition suggests that search costs are negatively correlated with the
domestic excess-demand in the U.S. labor market. Potentai undocumented workers per-
ceive a-priori probabilities of finding jobs in the domestic low-skill market. The likelthood
of a successful immigration by Mexican workers, ceteris paribus, is mapped in a measure
of time and resources required in search for jobs. When the labor market shows large net
domestic demand, jobs are easy to locate since employment competition is relative low
among participants. Conversely, requirements of undocumented labor force are reduced
when local residents are able to clear the domestic labor market. In this context, illegal im-
migration acts as a “reservation army” that responds to contractions and expansions of do-
mestic labor supply and demand. Accordingly, search costs (Fs) will decrease as result of a
higher excess-demand in the domestic labor market

Fo=f(LP-13), with f£'<0.12

A simple description of this argument is presented in figure 3.1. Totai market sup-
ply (LS) is given by the horizontal sum of labor supplies in both sectors: Domestic resi-
dents (Lg ) and immigrant workers {Lﬁ) . The joint equilibrium in the low-skill labor mar-

9 This subsection was stimulated in part by Angel O’Dogherty. Of course, he is not responsible for any
errors in the argument.

10 See Burdett and Mortensen [1978] for an example of this literature.

11 A Iittle insight is introduced to the general analysis by using some notion of *“diminishing returns” to
searching costs.

12 Some readers will be tempted to characterize this argument as “pull” factors of undocumented
. immigration. Chiswick [1977 and 1978], among others, developed a series of hypotheses related to “push-
pull” elements of migration. However, the search model presented here does not depart from such an
approach, which is known by its lack of economic theory underlying its basic conclusions.
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ket is achieved at the wage rate W, with total employment HD and a excess-demand given
by the distance HDHg. Notice that, the amount of labor supplied by domestic workers is

Hcsl, while Mexican workers provide HD'HS

U.S. Wage
\ S

Hours

Figure 3.1—Excess-Demand in the Domestic Low-Skill Labor Market

Consider a non-expected contraction in the domestic excess-demand caused by an
exogenous event. Here, the new market disequilibrium shows a contraction in the domestic
excess-demand, which in turn increases the equilibrium wage rate and reduces the total la-
bor force. Consequently, search costs soar as results of higher competition in the low-skill
labor market.

Notice that the probability of undocumented labor force participation in the U.S. is
significantly small when the domestic labor market is in equilibrium at wage Wg , i.e. ex-
cess-demand is zero. In such a case, search costs become prohibitive for Mexican immi-
grants, and most of the entire labor demand will be supplied by resident workers.13 Ac-
cordingly, disequilibrium conditions in the domestic labor market is the compelling force
driving sectorial composition of the low-skill labor force: Illegal immigration is encourage
by large domestic excess-demand, while equilibrium conditions promote domestic partici-

13 Hill [1985] studied the welfare implications of such a policy. The author concludes that efficiency gains
and tax revenues overshadow the possible welfare loss due to domestic job displacement. This conclusion is
supported, in a partial equilibrium context, by the identification of “Harberger” triangles of consumer
surplus in figure 3.1.
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paton.

t is easy to show in a demand-supply framework the relation between excess-de-
mand and market wage rates. The effective wage rate is depressed with disequilibrium
conditions in the domestic low-skill market which are a result of externai shocks, =.g.
minimum wage legislation, enforcement of employer sanctions, etc.,

S . .
Wu=g(LD-Ld ), with  g'<0;

assuming that g(-) is concave and twice differentiable, this condition may be inverted as

LP-L; =g\ (Ww.

(3.16) Fs=flgi(Wpl=FW,)  with F>0.

(A) GAP (B)
Figure 3.2—Search Costs in the Determination of Mexican Participation

GAP

Although conventional wisdom has suggested that undocumented immigration 1s
motivated by large domestic wages, expression (3.16) indicates that Mexican participation
is actually dissuaded as 2 result of higher wage rates in the United States. Figure 3.2
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presents an integrated analysis that incorporates this result. Labor supply decisions (figure
A) are independent of undocumented participation decisions (figure B) . The north-west
quadrant on both figures represents equation (3.16), where domestic wage rates (Wy) and
search costs (Fs) observe a positive relation; in addition, a linear accounting function is
described in the south-west quadrant, where the probability of Mexican participation (GAP)
decreases with higher costs. Finally, the resulting function is presented in the south-east
quadrant, where the participation decision is positively correlated with market wages.

To summarize, it is shown that exogenous increases in the U.S. market wage,
given that leisure is a normal good, will raise the number of hours supplied by undocu-
mented workers already participating in the labor market (figure A). However, because the
domestic excess-demand falls as a result of a wage hike, ceteris-paribus, the likelihood of
further Mexican participation also falls (figure B). In this case, available jobs become
scarce and competition drives up search costs.

3.4 An Empirical Specification

The previous two sections have independently addressed two different components of the
Mexican participation rule: Benefit functions and immigration costs. This section formu-
lates an integrated empirical model of undocumented participation and labor supply based
on the concepts described above. In particular, the analysis focuses in the effects of wage
rates on immigration flows to the U.S. and the decision process in which Mexican partici-
pation take place. Furthermore, this section imposes a stronger structure than the initial
model in an attempt to derive testable implications.

Undocumented workers switch across regimes at each point in their life cycle so as
to maximize the present value their net lifetime utility. This concept summarizes the eco-
nomic content of the theory of migration proposed by Sjaastad [1962]. In this context,
“Migration is viewed as a rational investment process carried out at each stage of the life
cycle.” [Polachek and Horvath, 1977 p.103] llegal immigration is addressed as one of re-
source allocation. An efficient ailocation is achieved since undocumented workers will not
migrate until their productivity in the U.S. is sufficientiy high to compensate for net benefit
differentials with respect to Mexico.

Consider the optimal value function [V*(¥)] in which switching regimes is a feasible
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alternative. Then, the initial Bellman equation in (3.1) may be modified as

3.17) V*® = MAX{UIC,®.L (0], UIC, (0,8 (OL 0] -FO} + VD).

Where U(-) constitutes the indirect utility function of the U.S. and the Mexican regimes,
respectively; they are optimal solutions of the maximization probiems in (3.1). F(t) repre-
sents costs of migration that may be written as a convex combination of fixed (monetary
and non-monetary) costs (Fx) and search costs (Fs). Recall that, by virtue of expression
(3.16), the latter concept is an increasing function of the wage rate in the U.S.:

logF(t)= logFx + logFs() = logFx +flogWy(t), ~ with 0<f<L

The optimal benefit function in (3.17) reveals that Mexican workers will choose the
regime that provides higher degree of net utility in each period of their life cycle. By doing
this, consumers will optimize their behavior with respect to all available information at each
¢. The implications of this rational expectation behavior is that participation decisions may
be revised as a result of new information in the future.}¢ The dynamic characteristics of the
model provides the ability to incorporate unexpected changes in the economic environment
at any point in time.

In this framework, the undocumented participation rule (GAP) follows from a
strzightforward application of equation (3.17)

(3.18) GAP(®) = U[C,(0.L. ()] - {UIC,®.5" L, (0]+1ogF®} Z 0.15

Mexican immigration to the U.S. is determinate by the sign of condition (3.18). Illegal
participation will occur only when GAP(1) is positive.

In order to explicitly access the net effects of the state variables (Wy, W, S and A)
over the participation decision, additional structure may be imposed into condition (3.18).
Consider a specific separable and additive utility function of the type

14 See Hall [1978], MaCurdy [1985) and Altonji [1986] for further discussions on rational expectation
models and empirical analysis of labor supply behavior over the life cycle.
15 Note that condition (3.18) is invariant to monotonic transformations, ie. GAP()=Uy/UnF(®).
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Um(t) = alogCm(t) + blog[S(DLm(1)],
(3.19)
Uy(t) = alogCy(t) + blogLy(D), fort=0...T;

whera 2 and b are time invariant productivity parameters that are homogeneous across
regimes. Therefore, under the set of preferences (3.19), the GAP condition may be rewrit-
ten as

GAP() = allogC, (1) ~ logCly ()] + bllogL(t) - 108S* ()L, (1] — logF(®).

According to the stochastic model of life cycle behavior outlined in Section 2, the
optimal demand functions (3.12)-(3.13) are determined by lifetime indirect and current di-
rect elements. Assuming internal solutions in the first-order conditions (3.5)-(3.11), the
“\-demand” functions under the preferences specification (3.19) may be expressed as

Regime: Mexico U.S.
(3.12) C (== C. (==
A ® A®
(3.13) S*@Ly () = —— L) = ——.
A WA, 1)

Taking logarithms, and using condition (3.18) and the definition of immigration costs, the
Mexican participation rule may be obtained as a function of lifetime and current events,

(3.187) GAP() = (a+b)] logh. (1) — logh. (1) ] - b(1+DlogWy(t} — IogFx.
m u

The permanent component of the GAP condition [A()] is a function of every vari-
able relevant to the immigration process over time. In particular, it depends on wage rates
in each country, home productivity and asset accumulation. When undocumented workers
acquire new information in the form of non-expected shocks, they review their present and
future participation plans. The precise form of this revision process depends on the relation
between the marginal utility of income and the state variables. A stochastic specification for



A(t) follows.
3.4.1 Determination of the Marginal Utility of income

A(?) is the result of the optimization process which leads to an important behavioral inter-
pretation regarding to lifetime information. Contrary to the analysis in the previous chapter,
life cycle components of the immigration decision A;(t) [for i=m, u] are random variables
that are determined using the information set available at age 2.

It is easy to show, using first-order conditions (3.5) and (3.57), the intertemporal
characteristics of the marginal utility of income in the Mexican regime

(3.20) E, {Am(t+1)} = R Am(®),

where R=[(1+p)/(1+D)]<1 (i.e. r>p) is required for stationary purposes. According to
MaCurdy [1985] condition (3.20) represents the consumer’s decision rule in _rms of time
allocation of resources. Potential immigrants choose to allocate time to alternative activities
so that the marginal utility of income at age ¢ equals the discounted expected value of next
period margina! utility of income. The author argues that the marginal utility of income fol-
lows a martingale process, that is E; {Aq(t+1)} only depends on Am(t). “The consumer
controls the time path of A(t) through his accumulation of financial wealth.” [Ibid, p. 117]
Condition (3.20) dictates how immigrants allocate their financial and time resources to
stochastic shocks.

By definition, the mathematical expectation operator may be expressed in terms of a
stochastic term. In fact, let the left hand side of (3.20) obey the following transformation

Et (Am(t+D)}= An(+Dexplin@+Dl,  where Tim(+1)~ (0, 02).

The disturbance Tm(t+1) summarizes the impact of all new unexpected information that be-
comes available in period t+1. Substituting the stochastic definition of Ey {Am(t+1)} into
(3.20) and taking logarithms, it can be shown that the marginal utility of income may be
expressed as a first order Markov process of the form,16

16 Formaily & hiarkov process is sensitive to the specification of the stochastic term 7{t+1) which is
assumed 50 ve an iid random term. Empirically, this may or may not hold, in particular hemocedasticity
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(3.21) loghm(t+1) =10gR + logh(t) — na.(t+1).

Equation (3.21) represents a simple difference equation with a forward-looking
solution for the interval [t, T1. This lcads to the optimality condition for the marginal utility
of income in the Mexican regime:

T
(3.22) loghy () = (+-T)logR +logAm(T) + fm(®,  where fAim(®= X Nm(®).
7=t

Notice that this result requires the boundary condition A(T)=0, given that Am(T) is greater
than zero; recall that [0V (t)/0A(t)]= Am(t) represents the ransversality condition for the
state variable A(t).17 In addition, a similar procedure ensures that the derivation of the
marginal utility of income that characterizes the U.S. regime,

T
(3.22%) logh_(t) = (=T)logR + loghy(T) + flu(t),  where (D)= > M.

T=t

Expressions (3.22) and (3.22°) describe the stochastic properties of the life cycie
component regarding consumption and allocation of time decisions in each regime. These
processes are consequences of rational economic behavior which requires that undoc-
umented workers revise their participation decisions upon the realization of non-anticipated
events. Moreover, notice that these conditions are expressed in terms of the marginal utility
of income in the last period [A(T)], which is unknown at period 2. A simple procedure to
compute this value is presented below.

3.4.1a The Mexican Regime

To formulate an empirical model capable of predicting variations in undocumented labor
force participation, the life cycle component must be derived as a function of past and cur-
rent information. An explicit solution for expression (3.22), in the case of Mexico, requires
that the budget constraint (3.2) takes the form of recursive substitutions upon the boundary
conditions A(t)=A; and A(T)=0,

problems may arise. See MaCurdy [1985] for further discussion.
17 In general, optimal control techniques suggest that state variables are determined from past periods, e.g.
A and Ag, while costate variables are solved forward in time, e.g. Am(®-
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Il * * * *
A=Y 1 — [Cm(‘t) - W (OH(t)-S ()] (1;)]- .
1=t (1+1)

using cptimal values for consumption and household production functions given in (3.12°)
and (3.15), respectively, the asset accumulation constraint may be rewzitten as

ﬂ-l T . T 7
T HoaebW_(THR &(T-1)-AS (1) bR
=y —L- —e—e | w0 =[S -W_(z - - .
At < (1+r)1 2 l_ lm () ] m(T) [S - m\ ){ o lm(T)S (T)eﬁm(t)J

Recall that AS*(t)= S*(t)~6S*(t-1), where the optimal marginal produciivity of
household activities S*(t) is governed by equation (3.14). The objective of this derivation is
to obtain a closed form sclution of Am(T) in terms of the information set available to immi-
grants. Inspection of the previous expression, however, reveals that an explicit solution
only may be obtained by numerical analysis techniques. MaCurdy [1985] indicated that
“[olnly rarely it is possible to to obtain an analytical solution for Aj(t) in terms of these
variables.” (p. 121) Instead, the above equation may be expressed in reduced form,

1

T-1
A[= Am[xmm9 Soa z Wm(T), vm (t)J;

1=t

where v (t) is a vector of serially uncorrelated stochastic terms that incorporate prediction
errors generated through the marginal utility of income [Aq(t)] and non-expected fluctua-

tions in home productivity {S(t)]:

T-1 T-1
Vm(©) s{ 2 Tm(® Zs(r-l)].
T=t 1=t

Assuming that the inverse function Ar'nl exists, a straightforward appiication of the

implicit function theorem yields the reduced form for the end-point condition for Am

T-1
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from discussion in Chapter 2, it was clear that the partial derivatives of An(T) with respect

to Ay, Sg and W, are ail negative. Accordingly, consider a log-linear approximation of
function Am(T) given by

T-1
(3.23) 108Am(T) = Im0 + Im1A¢ + 1250 + Im3 2 logWm(D) + m (t).

T=t

The empirical use of equation (3.23) requires an assumption concerning the forma-
tion of expected wages in the future. In order to generate unbiased predictions of these ex-
pectations, two approaches are widely used in labor supply estimation. Firstly, MaCurdy
[1981 and 1986] employed quadratic approximations of dme as instruments for expected
wage rates

logW(t) = o + 1t + ®2t2 + e(t), for t=0...7.

Secondly, Heckman and MaCurdy [1980], Altonji [1986] and Borjas {1987] among oth-
ers, generate wage predictions using time invariant socio-demographic characteristics of
individuals, like education, marital status, sex and so on. This approach permits the use of
elements such as work experience and human capital investment in a convenient specifica-
tion.18

A modified version of these approaches are adopted in this model. Expected wages
in the Mexican regime are described with the following log-linear process

(3.24) logWn(t) = wm(?) + X¢0 + em(t);

where em(t) is 2 disturbance term representing the contribution of unobserved variables that
shows the usual stochastic properties. Intertemporal elements that characterized MaCurdy’s
specification are described by the average productivity of market activities [Wm(t)] in equa-
tion (3.24). This variable captures transitory changes in the wage rate through a first order
Markov process of the form

18 See Heckman [1976] for a study that formally explores the empirical implications of human capital
investment in a dynamic model of labor supply. The present study does not persuade this line of research.
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Wm) = o+ a1 waD + L@,  with @) ~ (0, cz).

Assuming an stationary process, i.e. lct1/<1, the transitory component of the Mexican wage
equation collzpses to W (t=a+ §(1), with a=ag/(1-a1).

In addition, expression (3.24) preserves time-invariant, permanent characteristics
that may describe job experience and human capital investment by means of a vector of so-
cio-demographic variables given by X@o. It is easy to show that the process generating

wage expectations is governed by
T-1 T-!
YlogWm() =a +Xop+én(®.  with  én(®= X lem@®+M].
=t T=t

Accordingly, equation (3.23) and (3.24) describe the life cycle component of the
participation decision Am(T) in terms of the information set available to immigrants at time

Z
(3.239) loghm(T) = Im + Im1A¢ + im2S0 + X0 + V(i)

note that the stochastic component of (3.23), i.e. vm(®)=Pm(®+1m3ém(t), aggregates three
different sources of prediction errors: Household productivity [€(t)], market wage [e(1)] and
intertemporal preferences introduced by variations in the marginal utility of income [1(D)].
Finally, according to the theoretical model developed here, parameters in (3.23°) are ex-
pected to have the following signs: lp=(mo+020, In1<0, Im2<0 and ¢= 1m3¢020.

3.4.1b The U.S. Regime

The reduced form of the end-point condition A{T) for the U.S. follows a similar procedure
than the one outlined in the Mexican case. In this context, equation (3.23) may be rewritten
in terms of the U.S. regime,

T-1

(3.25) Toghu(T) = Lyo + lutA¢ + Iy3 D1ogWu(1) + Sult).
7=t
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Notice, that household productivity is not included in (3.25), since S(t) is exclusive of the
Mexican regime. Furthermore, the disturbance term Qu(®) reflects only non-expected varia-
tions in the marginal utility of wealth [n(t)]. The stochastic characteristics in the US.area
result, mainly, of prediction errors in the market wage [Wy(t)]; while in the Mexican case,
these errors may originate either from changes in wage rates [Wry(t)] or home-productivity
payouts [S(D)].

The determination of the stochastic behavior that generate consistent U.S. wages
predictions is described by the following auto-regressive process:

logWy(t) = Wy + BlogWy(t-1) + en(®);

where IBl<1 and ey(t) is assumed to be white noise. Here, the average productivity of labor
market [w,] is time-invariant and describes permanent characteristics attached to undocu-
mented workers. Moreover, wy is a funiction of a vector of socic-economic variables that
refiect U.S. specific human capital investment and undocumented experience (Z), e.g.
ability to speak English and time since immigration, respectively. The solution of the earlier
first-order difference equation for the interval [t, T-1] yields

(3.26) logWy(t) =—=2 + 2(1— Yoleu(n)].
T=t

In addition, note that wages in expression (3.25) may be decompose in current and
future values,

T-1 T=1
> logWy(t) =logWy(®) + Y logWy(t);
1=t T=t+1

applying this definition in conjunction with equation (3.26) leads to the expression of ex-
nected wages as a function of current information

T-1
T 10gWy(n) = logWa(®) +-%- + &400).

T=t

This expression may be plugged in condition (3.25) in order to obtain a complete
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specification of A,(T) that can be use in empirical estimation procedures,
(3.259) loghy(T) = lyg + Iy1A¢ + Ly3logWy(t) + Z0g + Vy(t);

where Vy(t)=1,36,(1)+9,(t) incorporates non-expected variation in the A(T). Lastly, similar
to the Mexican case, the life cycle model presented in the former chapter guaranties the
11380

2—->0.

following parameter signs: 1,020, 151<0, 1;3<0 and Oy= "

3.4.2 The Estimation Model

A compiete empirical model of Mexican undocumented participation and labor supply is
proposed in this subsection. The various modifications of the basic model presented in
equations (3.13") and (3.18) may now be assembled into a system of simultaneous linear
equations defined for a cross-section sample of / individuals. Next, the major components
of the empirical model are discussed.

3.4.2a The Participation Rule (GAP)

The decision rule (GAP) establishes the circumstances in which undocumented workers are
encouraged to migrate. Equation (3.18°) summarizes the elements that determine the deci-
sion process

(3.18") GAP() = (a+b)|:10gx;(t)-logx:(t)] —b(1+H)logWy(t) — IogFx.

Notice that in contrast with traditional models of undocumented migration, wage differen-
tials across regimes do not appear as an explicit argument in the participation rule. Further-
more, expression (3.187) decomposes the immigration decision in current and life cycle
components. In order to access lifetime effects of undocumented participation in an usable
empirical context, the marginal utility of income in each regime is derived in termns of past
and current information available to individuals. The following four equations outline the
life cycle elements of the participation function:

(1) Mexico

T
(3.22) Iogh, (1) = (--T)IOgR + logAm(T) +fim(®),  Where Am(®= X Nm(®;

1=t
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(ii) The U.S.
T
(322)  logh,®=(-TogR +loghy(D) +flu(,  where ()= Yru(e)
T=t
(3.25’) logXu(r) = luo + IulAt + 1u310gWu(t) + Zew + ~Vu(t).

Some algebraic manipulation of these expressions in conjunction with condition (3.18),
yields the variable GAP(t) as a function of current variables and stochastic terms,19

GAP(t) = (a+b){ (lmr-Ino) + Um1-lu1)At + Im2S0— lu3log Wy (D) + X¢-Z6w) +
[V (H)-Vu(0)] + Mm@-Ru®]} - b(1+HlogWy(®) - logFx.

Grouping terms, it is easy to show that (3.187) leads to the following estimation function
(3.27) GAP(t) = Yo + 1At + Y2logWy(1) + [X-Z]y + &(t);

where Yo = (@+b)[Im—luo+HIm2S0] — logkx,
Y1 = (@+b)[Im1-lu1l,
Y2 =—[(a+b)ly3+b(1+D)],
[X-Z]y = (a+b)[X¢-Z6w],
E(t) = (a+b)[Vm (£)-Vu () +m®-Tu(®)].

Without further restrictions, coefficients in (3.27) are ambiguously determined. Their mag-
nitude and direction of change are empirical questions. Nonetheless, a theoretical interpre-
tation base on the previous discussion follows below.

The constant term (Yp) is composed of lifetime parametric elements given by home
production outlays, real interest and time-preference rates; in addition, the coefficient Y in-
cludes the fixed component of migration costs. There is not a conventional reason to predict

19 All the results presented in this section rest on the important assumption that immigrants confront
known, constant time-preferences and real interest rates, ie. R(ID=R(1+1). However, MaCurdy [1985]
introduces a dynamic interest rate as an additional source of stochastic bekavior. In the present framework,
deterministic variation in the real interest rate may be introduced with minor amendments through changes
in the marginal utility of income. Xali {1578] argues that “[i}he imporiance of Iksiown variations in interest
rates depends cn the elasticity of substitution between the present and future” (p. 976). Given low
elasticities the influences of stochastic interest rates are inconsequential.
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the dimension nor the sign of this parameter.

The financial net-worth coefficient (y;) is defined in terms of the life cycle differen-
tial effects of the asset accurnulation constraint. Note that 1n; ar:d iy captures lifetime re-
sponses to changes in the property income in Mexico and in the U.S., respectively. Not
surprisingly, a decline in Mexicans’ stock of wealth will encourage undocumented partici-
pation to the U.S. only if I1>1y1.2% This condition implies that residents are more sensi-
tive to changes in property income than migrant workers. Such a result has important pol-
icy implications, since substantial reductions in the net-worth of illegal settlements due to
strict enforcement policy may have small effect over the immigration decision. In contast,
improvements in Mexico’s economy may tend to be more effective in retaining domestic
residents from leaving their country.

Perhaps the more relevant coefficient in the participation rule (3.27) is the uncom-
pensated wage elasticity v2. This coefficient is composed of three elements: Life cycle
[1,3(a+b)], current [b] and search cost [bf] effects. Lifetime permanent characteristics are
positive since 1;3<0 and in general, tend to dominate the negative contribution of current
direct factors, i.e. Iy3(a+b)>b;2!

In the absence of search costs. ¥ is more likely to be positive which implies that
undocumented migration is motivated by expansions in the U.S. wage rate. This is the the-
oretical reason underlying the conventional wisdom in Mexican undocumented participa-
tion. As noted in section 3.2, however, search costs are a major factor in the determination
of the decision rule. In a more realistic setting, wage hikes may, in fact, discourage vndoc-
umented workers from participating in the U.S. iabor force.22 This scenario will apply to
the case where search costs and current effects dominate life cycle factors

[b(1+f)>ly3(a+b)].

The vector of socio-demographic characteristics represents a linear combination of
time-invariant attributes intrinsic to immigrants regardless their location (X) and features
that distinguish U.S. labor force participation (Z). In addition, the transformation vector Y
permits a direct comparison of these characteristics.

20 Recall that both 1 and 11 are negative.

21 See the discussion at the end of seciion 2.3.1b.

22 See figure 3.2 (B) for an direct relation between wage rate in the U.S. and the probability of
undocumented participation.
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Finally, the unobserved random vector &(t) denotes additive latent components of
the following three sources of uncertainty: Wage rate in the U.S. and Mexico [ey(1) and
em(T)], household productivity {(t)] and life cycle behavior [Ny(7) and Nm(T)] for T=t...T.
It is assumed that & has a nondegenerate distribution function where the two first moments
exist, i.e. E[£]=0 and E{{&& J=EGap. Furthermore, & is distributed independently of the
endogenous variable GAP(t) for every  as well as across individuals. Note that, in general,
ZGap i¢ not likely to be homoskedastic across time nor is this assumption required for esti-
mation purposes.

3.4.2b The U.S. Labor Supply

Most cross-section studies on labor supply in the literature ignore life cycle theory. Tradi-
tionally, current wages and property income appear as regressors for annual hours of
work. However, the empirical assessment of these estimates may lead to erroneous
conclusions if lifetime considerations are ot taken into account. Following MaCurdy
{1985] two questions may be addressed regarding labor supply estimation: (i) The behav-
ioral interpretation of cross-section labor supply estimates and (i) the possibility of modi-
fying cross-section models so that life cycle factors are taken into account.

To answer the latter question, consider a preferences specification for the U.S.
regime that obeys a monotonic transformation of the utility function (3.19)

Uy(®) = GIC(1)] + vlog[ 1-Hu(D];

where G{-) is an increasing function of current consumption and b is a positive productivity
parameter that sets hours of work [Hy(t)] as a decreasing function of preferences. Given
the set of constraints (3.2)-(3.4) applicable to the U.S., the first order condition (3.10) may
be rewritten in terms of the latter expression,

b

"I Aa(®OWy(1),
equal if GAP(1)>0 for all t.

Taking logarithms and solving for the amouni of hours worked yields
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log[1-Hy(1)] 2 logb — loghy(t) — Wy(1);

assume that individuals participate in the U.S. labor market (GAP>0). Using optimal con-
ditions for l:(t) in (3.22) and (2.25") the former expression may be written as

iog[ 15| =108+ (F-gloeR— (k0 *haAcHhsiog Wi+ ZBn +¥a (0]~ bWl + 1o

~

Collecting terms, the optimal U.S. labor supply obeys the following structural form,

(3.28) log[l—H:(t)] = hg + hyt + hpA, + h3logWy(t) — Z6h + V(1);

where hg=1logb + TlogR — 1,40,

hi =-logR,
h2 = "lul,
h3 = —(1+1u3),

V(1) = vp(t)+11u().

The question concerning the behavioral interpretation of the labor supply estimates
is addressed next. Assessment of coefficients in equation (3.28) suggests that the variable
age ¢ enters to the labor supply function as a result of life cycle consideration. Age is linked
in the labor supply only through the margiral utility of income Au(t). Typically, however,
cross-section specifications fail to include age as a regressor in the labor supply (h;=0)
which results in misspecification problems due to omitted variables. In the present model,
the exclusion of age would imply that the time-preference and the real interest rate are equal
(p=r).23 Nonetheless, hi is expected to be positive since, in general, R is less than one
(logR<0). This theoretical result indicates that older undocumented workers are more likely
to dedicate less hours to market activities than relatively younger immigrants.

Similar to the age regressor, property income Ay is introduced to the labor supply
function only by means of Ay(t). In general, 1y is expected to be negative, so that higher

stock of wealth will tend to discourage hours of work, i.e. h2>0.

Income and substitution effects are captured by coefficient hs. Uniike hj and hyp, the

23 Recall that R=(1+p)/(1+1) and, in general, r>p such that R<1.
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uncompensated wage elasticity (h3) integrates present and intertemporai effecis.2 The net
impact of wage rates over the amount of hours worked will depend on the relative sensitiv-
ity of these two components. In the absence of life cycle information (1,3=0), transitory
expansions of the domestic wage rate unambigucusly increase the amount of hours sup-
plied (h3<0); temporary changes in wages have a full impact on Hy(t). However, when life
cycle components are considered, permanent responses in expected earnings reduce the
initial wage elasticity (since, in general, 1,;3<0).25 Consequently, according to the labor
supply specification in (3.28), small absolute values of h3 will imply that lifetime elements
play an important role in the determination of wage elasticities. In contrast, estimated values
of th3l—1 will be evidence in favor to traditional static labor supply modeis where only
current effects are taken into account.

Furthermore, wage elasticity h3 responds to “anticipated” and “unexpected”
changes. This distinction is important because the former constitutes movements along the
labor supply function while the latter represents shifts of the labor supply profile. In this
context, the h3 estimator confuses between transitory and permanent effects. Temporal
changes have little effect on the unanticipaied component of h3 (1;3) and they will tend to
lead large absolute values of the wage elasticity. This result has important implications in
terms of identifying permanent and transitory migration. Illegal workers switching back
and forth across regimes may be described by relatively low (absolute) wage elasticities
relative to settlers with perraanent residence horizons.

The participation decision rule (GAP) and the U.S. labor supply functions pre-
sented in equations (3.27) and (3.28) assume estimation using simultaneous equation tech-
niques. An obvious source cf simultaneous bias is observed in the determination of the
U.S. wage rate, which is likely to be correlated with the endogenous variables GAP and
Hy.

Endogenous wages may be rationalized in terms of human capital investment. Un-
documented labor force participation represents a rational investment decision that enhance
market productivity and therefore wages. A simple specification of the U.S. wage rate has
been described before in expression (3.26):

24 Notice that substitution and intertemporal terms are not equivalents. The latter responds to permanent
changes in the wage rate but not to transitory eifects.

25 The magnitude of this adjustment will depend on the sensitivity of lifetime effects with respect to
transitory changes in the economic environment.
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(3.26) logWy(t) = Z8y + &4(D);
where OF&- ,
1-B

T-1
&0 = 2 (1-B)*leu(D)]-
1=t

Recall that vector Z represents a set of socio-economic characteristics intrinsic, but not ex-
clusive, to the U.S. labor market. For instance, the ability to speak English will solely en-
hance the market productivity of undocumented workers if they participate in the U.S. la-
bor force; in contrast, such a investment is useless in the Mexican regime.

Finally, the system of simultaneous equations given by expressions (3.26)-(3.28)
fully characterize the behavior of undocumented Mexican workers in the U.S. labor mar-
ket. The empirical model developed here provides a natural framework for interpreting es-
timates in cross-section specification. Moreover, it indicates how a cross-section model
may be modified so that empirical estimates are interpreted in a life cycle context. Although
lifetime planning has been incorporated in the underiying optimization process, these equa-
tions are described in terms of solely contemporaneous variables. Similar to traditional ra-
tional expectation models, migrant workers do not only use the relevant optimization
model, but also make efficient use of their incomplete information.

Concluding Remarks

The discussion in this chapter focuses on the theoretical interpretation of cross-section es-
timates derived from the optimization of a dynamic programming problem. In particular, it
is shown that wage differentials across countries are, by far, a crude simplification of the
underlying elements defining Mexican participation. Rather, according to the decision rule
GAP, illegal workers are sensitive to differences in marginal utilities of income [A()] be-
tween regimes, wage rates in the U.S. and fixed and search costs of migration.

The developed lifetime model under uncertainty is important because it relates the
way in which random components enter into the empirical specification of Mexican paztici-
pation and undocumented labor supply in the United States. Although the presence of
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stochastic behavior in the immigration process introduces new elements to the former life
cycle model, this chapter shows that much of the results obtained in the deterministic model
are carried over into the uncertainty framework.

Lastly, an important conclusion derive from the preceding analysis is that expan-
sions in U.S. wages may, in fact, dissuade participation of further Mexican settlers. Con-
trary to conventional wisdom, the undocumented labor force may be reduced as result of
expansions in local wages that contribute to close the domestic excess demand for low-skili
labor. This result is a direct consequence of the methodological differentiation beiween
participation and labor supply decisions. Domestic wage rate increases will effectively re-
duce the number of new Mexican immigrants, while undocumented workers already
participating in the U.S. will boost their amount of hours allocated to market activities.



CHAPTER 4

ESTIMATION OF A
TOBIT SIMULTANEOUS EQUATION MODEL
WiTH TRUNCATED DEPENDENT VARIABLES

«_.. it is not the figures themselves, it's what you do with them that
matters.”
K.A.C. Manderville

This chapter reports efficient estimates of the immigration decision and the labor supply
functions of Mexican undocumented workers. Using the preceding economic theory as a
guide, this chapter addresses the specification and estimation of an empirical model in a
context of limited dependent variables . The econometric model develops here provides a
naturai framework for interpreting life cycle estimates associated with cross-section analy-
sis.

A major problem confronting the study of undocumented immigration is the avail-
ability of empirical data. Two characteristics identify sample information in this filed: Self-
selection and unobservable Mexican regime. First, undocumented population is not a ran-
dom sample, since variables may only be observed in a limited range, i.e. when Mexican
residents actually participate in the U.S. labor market. This yields a truncated sample,
where standard estimation procedures are asymptotically biased. Second, observations of
the Mexican regime are missing, because it is unfeasible to identfy potential undocumented
workers, i.e. under certain conditions all the population could become illegal immigrants.
These characicristics provide an estimation challenge not found in many other branches of
€conometrics.

The objective of this chapter is to test empirically the determinants of the Mexican
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immigration decision and its effects over the U.S. labor market. In particular, the empirical

~

analysis focuses on the effects of U.S. wages over the undocumented participation rule and
their labor supply. Following the economic model outlined in former chapters is possible to
decompose estimates of wage ¢lasticities into their intertemporal and current effects. Fur-

thermore, the econometric framework provides estimares for analyzing the impact of other
variables such as financial wealth and socio-demographic characteristics.

Section 1 outlines the basic economic relations of the simultaneous system and dis-
cusses the limited characteristics of its dependent variables. Section 2 examines the mis-
specification probiems observed in standard procedures due to self-selection. Here, the
motivation for the use of alternative estimation methods is addressed. The proposed
econometric model is featured in Section 3, where the actual derivation of the maximum
likelihood function and its asymptetic properties are presented. The sample data and the
variables are described in section 4. Section 5 and € report the estimation technique and the
economic interpretation of empirical estimates for the U.S. wage equation, the undocu-
mented labor supply and the Mexican participation rule. Here, some immigration policies
are reviewed in light of the empirical resuits. '

4.1 Estimation Theory

This section introduce the theoretical estimation framework which provides the basis of the
empirical specification developed in subsequent sections. In addition, it indicates the modi-
fications required to the original model in order to adapt a cross-section analysis. The seli-
selected (nonrandom) sample and the exclusion of one regime transform a simple simulta-

- neous equation model into a Tobit specification with truncated dependent variables.

4.1.1 The Basic Model

The economic specifications developed in the previous chapter are solutions to an intertem-
poral optimization problem. Life cycle considerations are integrated to the participation rule
and the labor supply. lllegal workers are assumed to plan their lifetime behavior making
optimal use of the available information at age z. In this context, Mexican residents choose
an optimal pattern that may result in transitory immigration or permanent rzsidence either in
Mexico or in the United States.
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An empirical chaiienge of this analysis is to infer the life cycle behavior of immi-
grants using a set of exogenous contemporaneous variables. Let us sucumnarize the theo-
retical framework in the following system of equations:1

U.S. wage equation:
(4.1a) logWyi =Z8w + €y withi=1...Ny.

U.S. iabor supply:
(4.1b) log.[l-H:i] = hg + hyty+ hoA; + h3logWyi — Z6p +,

withi=1...Ny.

Participation rule:

4.1c) GAP; =Y + 71Ai + YwlogWyi + X-ZIy+E= YT + &,
withi=1...N.

‘Where

ol
~ 1 0\,! Gep Ty O
i\o]
A | Oer Opr 22
N is the total Mexican population, and Ny, is the number of actual undocumented workers
already participating in the U.S. labor market.2 Note that equations (4.1a) and (4.1D) are
specified only for the latter sample, while the participation rule (4.1c) is defined for the en-
tire population N. This system of equations constitutes a partially recursive model since the
hours worked (Hy;) and the participation variable (GAP;) do not appear as explanatory
variables in any other equation. However, system (4.1) maintains its simultaneous proper-
ties because the variance-covariance matrix may not be diagonal.

An alternative specification for system (4.1) involves the use of earnings (E) in-

1 In contrast with the equivalent simultaneous system given in (3.26)-(3.28), where dependent variables
were a function of time, here the assumption of cross-section estimation has been explicitly incorporated in
these expressions. Recall that beld capital and non-capital letters represent matrix and vectors, respectively.
2 This definition assumes that anyone living in México may be a potential immigrant. Although for some
Mexican residents the likelihood of working in the U.S. may be rather small, it does constitute a feasible
option.
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stead of wage rates. Such a model may provide a more accurate description of the economic
behavior in the Mexican undecumented population. Consider the following empirical
specification

U.S. earnings equation:
(4.12") 10gEy; = logWyi+logH.. = Z8y + ey

U.S. labor supply:
logH; = hg + hiti+ hoA; + hlogWos +(halogH; - hlogH ) — 28 + v,
(1+h3)logH; = ho + hiti+ hoA; + h3(logWai+logH. ;) ~Z6p + v,

(4.1b") logH:i = h(') + h;ti+ b;Ai + }élogEui -~ zel') + .

Participation rule:
(4.1¢) GAP; = 10 + 71Aj + YlogEu + [X~Zly+§= YT +&.

In particular, notice that in this model the labor supply elasticity (h3) requires a simpie
transformation given by

! h3
- —
h3 T+h; or h3 -.

Whether the original system of the equations (4.1) or the alternative specification
(4.1") represent a better description of the immigration process is an empirical question. In
the former model wage rates, a primitive variable, interact explicitly with labor and partici-
pation decisions. The latter specification, in contrast, combines not only the level of wages
but also the availability cf jobs in the U.S. for a given period of time.

4.1.2 Limited Dependent Variables
An obvious problem with the estimation of (4.1) is that the participation variable GAP is

not available. Moreover, the wage rate [Wy;] and the number of hours worked fHy;] are
observed only if Mexican residents actually participate in the U.S. (GAP;>0). The class of
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observed only if Mexican residents actually participate in the U.S. (GAP;>0). The class of
regression models where endogenous variables can only be observed in a limited range
have been documented in the econometric literature in the context of limited dependent
variables with truncated samples.

According to Judge, e. al. [1985] a truncated sample results when the knowledge
of independent variables is available solely when the dependent variable is also observed.
In contrast, censored samples apply to observations on the dependent variable correspond-
ing to known sets of exogenous variables which are not observed. Following Heckman
[1980], 2 truncated sample differs from a censored sample in that the probability of sample
selection cannot be estimated from observed data. Kendall and Stuart {1973] argues that
censoiing is 2 property of the samplie while truncaton is a property of the disibution (p.
541). As expected, dealing with truncation problems is more difficult than censoring prob-
lems since less information is available.

The statistical theory of limited dependent variables has its foundations in the notion
that discrete endogenous variables are generated by continuous latent variables crossing
thresholds. In a seminal paper Tobin [1958] estimates the demand for consumer durables
goods. The author proposed the analysis of limited dependent variables by stating:

“In Economic surveys of household, many variables have
the following characteristics: The variable has a lower, or
upper, limit and takes on the limiting valve of the substantial
number of respondents. ...As specific example, many—in-
deed, most— households weuld report zero expenditures in
automobiles or major household durable goods during any
given year. Among those households who made such ex-
penditure, there will be wide variability in amount.” {Ibid, p.
24}

In his model the intensity of demand for durable goods is limited. Although con-
sumers’ demands are continuous, actual purchases of goods are discrete. Consequently,
some consumers will show corner solutions at the time of the survey. Observations will be
missing if purchases are not made, so that the sample is censored at zero. This will result in
large variations among those households that make any expenditures, with many observa-
tions concentrated around zero.3

3 According to Maddala [1983], Tobin was the first to address this problem in a regression model. "Because
he related his study with the literature on probit analysis, his model was nicknamed Tobit model (Tobin's
probit) by Goldberger (1964).” [Ibid, p. 151]
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Censored and truncated regression models have also been developed in other scien-
tific fields. Biometrics and engineering, for instance, have directed particular efforts to the
study of survival analysis (survival time of a patient) and duration models (analysis of the
time to machinery failure), respectively. According to Amemiya [1985], these examples
belong to the same general class of Tobit models. The introduction of Tobit analysis into
econometric applications is due to the publication of Tobin’s paper 30 years ago. Nonethe-
less, it is not until the last decade when numerous researches focused on the applicability of
these models into a wide area of economics. This phenomenon is explained by the in-
creased availability of longitudinal sample data and by recent advances in computing tech-
nology that have made estimation of Tobit models less expensive.

Single equation models with limited dependent variables have received considerable
attention in the econometric literature 4 However, little is known about the specification and
estimation of simultaneous equation models. Amemiya [1974] discusses a system of si-
multaneous equations in which all of the dependent variables are tuncated at zero. Fol-
lowing this contribution, Sickles and Schmidt [1978] develop a similar procedure where
some, but not all, of the dependent variables are truncated. In particular, they analyzed the
estimation of a two-equation model with one truncated variable using maximum likelihood
procedures. Likewise, Nelson and Olson [1978] proposes an alternative specification
where some endogenous variables of the struciural equation are assumed to depend not on
the observed values of ttuncated variables, but on their unobserved latent indexes.

In a Tobit mode! dependent variables which are smaller than a certain threshold are
not observed.S The estimation model considered here, however, follows the characteristics
of a simultaneous Tobit model with a truncated sample. The wage rate and the hours
worked in the U.S. are observed only if GAP is positive. Furthermore, the decision rule
(GAP), which aggregates the individual’s labor behavior in both countries, is totally unob-
served. Accordingly, the system of simultaneous equations (4.1) may be defined in terms
of the following conditions,

logWyi if YT >-E
logW; =

Unobservable otherwise;

4 See Maddala [1383] for an extensive list of articles.
5 Tobit models are censored by construction.
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4.2)
log[l—H:i] if logWi=logWy;
log(1-Hp =

Unobservable otherwise.

Notice that the participation rule, i.e. YI>-£, is the condition driving the trunication char-
acteristics of both dependent variables (W; and H;).6 The wage equation and the labor sup-
ply are observed only if Mexican workers participate in the U.S. labor force. System (4.2)
represents a convenient representation because it integrates the unobservable variable GAP
into the equations (4.1a) and (4.1b).

Finally, the simultaneous characteristics of the model respond to two different
components: (i) The recursive characteristics of wage rates in the labor supply and the par-
ticipation rule, and (ii) the stcchastic dependency across equations. Although the former
source of autocorrelation is evident, the latter concept may require further explanation. Re-
call from section 3.4 that the latent (random) term in the participation rule § aggregates three
sources of stochastic behavior: Wage rates in each country, home production in Mexico and
limited information about future events. In this context, £ may be approximated as a linear
combination of the vector [ey1, €mi, Ei» Tlui> Timil- Thus, the participation rule (4.1c) is
contemporaneously correlated with the wage equation (4.1a) not only as a RHS regressor,
but also by means of its stochastic term, i.e. the variance-covariance matrix is not diagenal.
The implication of this correlation in terms of misspecification of the regression model are
studied in the next section.

4.2 Misspecification Bias in
Seif-Seclection Models

The basic model (4.1) and its modification (4.2) resulting from insufficient information
lead to important misspecification problems under standard estimation procedures. Direct
application of least squares (LS) may generate asymptotically bias estimators. Figure 4.1
shows the relation of wage rate in the U.S. and hours worked in both countries. Each dot
represents an observation of latent and actual undocumented workers. Indeed, an important
characteristic of the sample is that potential immigrants (those in the lower quadrant) are

6 Notice that similar specification applies for model (4.17)
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not observed.? This feature leads to 2 truncated sample, where the linearity assumption of
least squares methods is clearly inappropriate.

Hy

A’ True Line
OLS Line
Ll wu

Hny

Figure 4.1—Misspecification Emorin Truncated Modeis

Self-selection is a problem related specifically to the issue of how observations on a
given economic phenomenon are generated. In particular, how dependent variables may be
observed or not depending on another set of variables or decision rules. Dhrymes [1986]
suggests that observation of Wj in (4.2) is a function of the stochastic process that gener-
ates GAP;, as well as the stochastic structure that governs Wy; in expression (4.1a). Recall
that the participation rule (GAP) is assumed to be inherently unobservable, although the
RHS variables are known, at least in part.

The system of equations (4.1) and (4.2) have been extensively reviewed in the
literature, which takes two major approaches. Cn one hand, Heckman [1974], Hanoch
[1980], Lee [1981] and Heckman and MaCurdy [1986], among others exploit two-stage
estimation procedures. The first stage requires that the estimation of a Probit model be used
in the least squares regression model of the second stage.8 On the other hand, Tobin
[1958], Lee, Maddala and Trost [1980], Perloff and Sickles [1987] among others soived
self-selection misspecification using maximum likelihood Tobit procedures. The main
difference between both approaches is that the computational burden is reduced in the for-

7 The lack of data in this sector of the sample is due to the impossibility of defining the elements that
characterize latent immigrants. Mexican residents will reveal their migration preferences only by actual
icipation in the host country.
This procedure is also known as Heckit models. See Killingsworth [1983] p. 156-57.
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mer method, but it leads to a heteroskedastic covariance matrix. LS estimation is consistent
but not efficient.

Overlooking the statistical differences of these procedures, the important feature of
both methods is that the selection rule (GAP>0) generates a sample of observed data. Fol-
lowing Heckman [1980], this feature characterizes self-selection specifications, and it is not
a representation of a prototype of limited dependent variables models, as most economists
have interpreted it.

Yet another source of confusion in the literature is the difference between self-se-
lection and sample-selection. In the previous section, it was shown that undocumented
workers choose participate in the U.S. labor market depending on the state of the index
function GAP. From an initial random sample, self-selection implies that the sample of ac-
tual undocumented workers is not random since it implies GAP>0. In contrast, a general
concept is implizd in sampie-selection models, where self-selection is a particular case.
Here, the researcher imposes a selection rule to a random sample that generates a particular
sample employed in empirical analysis. This rule may or may not be the consequence ofa
choice made by each individual in the whole sample.

According to Heckman [1980], the underlying idea in selection problems is that
nonrandom self-selection arises due to missing data. Similar to standard omitted variables,
this is a problem of misspecification of the error term. "Thus, a sample selection bias, ini-
tially viewed as a missing dependent variable problem, may be reformulated as an ordi-
nary omitted explanatory variable problem.” [Ibid, p. 210]

It is easy to show the misspecification bias that arises from the use of least squares
estimators in self-selection models. Consider the wage equation in (4.1) and (4.2)

}.OgWui = Zew + €ui if Yr>—§
logW; =
Unobservable otherwise;

where tae error component for the wage equation {ey;) is assumed to follow conventional
stochastic properties, i.e. ey ~ {0, 6y). Similarly, € is an iid random term with known
distribution function and with its first two moments given by E[£]=0 and E[E]=Z. Re-
call, that £ is a vector of latent variables that aggregates, among other elements, the
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stochastic behavior of the wage rate, i.e. E[e\;§]=0¢r#0. Therefore, the conditional expec-
tation of the wage equation is

E[logW;| Z, YT>-£] = Z84 + El ey | Z, YI>-El.

Assuming orthogonal regressors, i.e. E[Ze,i]=0, and using resuits well known in the lit-
erature [see Killingsworth, 1983 and Maddala, 1983], the conditional expectation of ey;
may be written as

o oT/E)™ |
El ey Z, §I>—§ = - >

o

1
—
S
Y

-¢(M)} .
OV’

t
g

where ¢ and @ are the density and the distribution functions of the standardized normal
variable MEYI‘/Z%’Z, respectively. The conditional expectation for the wage equation is

4 Wi Z, _ w_%[m]_
(4.5) EflogWi Z, YI>£] = Z8 2%’2 o0,

Direct application of LS implies that the second term in the previous expression is omitted
from the RHS variables. Hence, least squares estimators are, in general, asymptotically bi-
ased.

However, note that LS estimation may be consistent if 0g=0. Here, the disturbance
term of the U.S. wage rate is orthogonal to the self-selection rule.? Consequently, the
omitted terms banish from the estimation procedure of the wage equation, and its expected
value is given by Z0g.

9 Such a situation may be observed if wage rates across regimes are identical. Then, the economic essence
of undocumented Mexican participation is neglected.
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Furthermore, LS bias over equation (4.5) may be monctonically reduced if the size
of the variable GAP increases. This argument is important since it identifies the conditions
in which least squares may be employed as a reasonable estimation procedure, although not
efficient. Following Maddzala {1982], the expected value of Wy; in the sample may be sys-
tematically understated with respect to the whole population. To show this, denote B the
biased term resulting from expression (4.5),

ST(GAP 172
_ o [eM] o [w\u —E)Z: "] . M___YI‘_GAP—@
=752 o) 21/2i o[GAPEEA [ SmeeM=ESIR T T iz
: g | /2 g %t
A comparative statics exercise shows that,
B-Ga%gagf%[% + gz-] <0 since ®'= —¢ and Gez>0.

Hence, a monotonic increase in the participation decision variable (GAP) will tend to re-
duce the bias introduced by LS procedures. In the limit (GAP—<), the self-selection bias
approaches to zero, and LS estimators become consistent. This exercise shows that under
special conditions, i.e. very high values of GAP and positive covariance Ge, LS may be
asymptotically unbiased even when Ggz#0. The case of undocumented immigration is par-
ticularly sensitive to this argument since large immigration costs and wage differentials may
lead to high values of the decision index GAP. In theory, asymptotic unbiased LS estima-
tors are more likely 1o be observed in the context of illegal migration than in a contexi of
traditional leisure-work choice models, where fixed costs are not a major concern.

Another source of least squares inefficiency is found in the failure to identify the
estimates in the participation rule, i.e. expression (4.1c). Because GAP is completely
unobservable the vector of parameters I is not estimable under standard regression proce-
dures. Accordingly, elements driving Mexican participation decisions are not empiricaily
estimable. 10 Failure to estimate such parameters will deny one of the most important objec-
tives of this study.

10 1n particular, the uncompensated wage elasticity of the GAP equation (¥2).
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To summarize, misspecification problems arise as a result of omitted variables.
Then, least squares procedures are not efficient and may yields asymptotic biased esti-
mates. The magnitude of this bias is a function of the correlation between the decision rule
and other limited dependent variables in the system. Moreover, traditional economerric
methods do not allow for empirical identification of parameters in the decision rule. In the
case of undocumented migration, these estimates provide fundamental information in the
analysis of Mexican population flows. In order to achieve asymptotic consistency and to be
able to identify the elements affecting the undocumented decision maximum likelihood
methods may be used. Such procedures represent an appropriate alternative to estimate the
specific characteristics addressed in Mexican undocumented immigration in United States.

4.3 Maximuin Likelihood Estimation
and Asymptotic Efficiency

In this section, a general estimation strategy for the regression model (4.1) and (4.2) is
proposed based on full-information maximum likelihood methcds. In the presence of lim-
ited endogenous variables and simultaneous regression models, maximum likelihcod pro-
cedures are conceptually possible but complicated in practice. Furthermore, they are more
expensive to compute than standard least squares procedures. However, potential sources
of misspecification bias and efficiency losses may be evaded when using these techniques.

Estimation models similar to the one presented here are not new in econometic lit-
erature. Roberts, Maddzala and Enholm [1978] develop a simultaneous equation Tobit
model to explain how utility rates are determined. In addition, Hauseman and Wise [1979]
use a version of these models to analyze the labor supply of participants in negative income
tax (NIT) experimenis. Thcir model is truncated because they use observations only for
those actually participating in the experiment. According to Amemiya [1985] these models
may be generalized under his Type 3 Tobit Model classification, where the likelihood
function is desciibed by P(Y1<0)-P(Y1,Y2).

4.2.1 The Likelihood Function

Maximum likelihood (ML) estimation implies of the maximization of the likelihood function
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of the following linear model!l
(4.3) YB +XI'=1;

where, in particular, Y is 1x3 vector of dependent variables and X is a 1XK vector of

independent variables; B and I are conformable matrices of coefficients with dimension
3x3 and Kx3, respectively. Moreover, it is required that B may be nonsingular in order
10 obtain a unique solution of the dependent variables with respect to predetermined and

random componeats. The stochastic term U is assumed to follow a normal distribution
with mean zero and constant variance-covariance ‘¥.12 Under usual completeness assump-

tions, the reduced form of (4.3) is given by
Y=XII1+V;

where I[T=I"B-! and V=UB-1. In particular, the random term V is characterized by a
trivariate normal distribution3

E'VHT r/O |
Vzil"‘ N[(O N Qj;
St

the variance-covariance matrix of the reduced-form residuals Q may be expressed with re-

spect to the following partitions

®;; ©p5:0;3
Q= o 1= 2y Oy
Sl @5 0903 3= .
............ eveened Q,,

©;3 Wp3;033

Accordingly, the vector of dependent variables Y conforms a distribution function given by

11 Recall that ML procedures requires the following assumptions: (i) The complete specification of all
uations is known, and (ii) the random variables of the structural equations are normally distributed.

12 Note that in contrast with the model in section 4.1, expression (4.3) requires the assumption of

normality.

13 For further references on trivariate normal distributions see Johnson and Kotz [1972].
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Now, suppose that the sample is drawn from distributions of Y1; and Y?2; truncated
at the point Y3;=0, e.g. GAP;=0, so that nic observations are recorded for Y3;<0. In fact,
all observations come from the shaded area in Figure 4.2. It is recognized that a continuous
density function may not be employed to explain the conditional distribution of Y3; and
Y.

GAP<0

Figure 4.2—Truncated Nommal Distribution

In this context, let Y3; be an unobservable index function upon which Yjj and Y5;
are limited (truncated) in their range. The latter variables are observed only if Y3;>0. In
particular, notice that the marginal distributior: of Y3; is given by N(XT13, £227). Therefore,
the conditional probability distribution function (pdf) for system (4.3) may be expressed
as

! pdf (YY), Y) dY

4.4 Y., Y. lv,>0]=2 :
@4 pdf (Y, Y, [ ¥,>0] =—— )

where CDFj(Y3=0) is the marginal cumulative distribution function of the decision rule
evaluated at zero. This represents the probability that the decision ruie is greater than zero.
In additicn, notice that the trivariate pdf; given by the numerator of (4.4) may be expressed
in terms of the foliowing probability and cumulative distribution functions
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pdfi(Y1, Y2, Y3) = hi(Y1Y2)-ha(Y3! ¥y, %¥2) dY3;,

where h; is a bivariate probability function and k; is the conditional curnulative distribution
function of the decision rule given that Y; and Y are observed. Expression (4.4) may be
combined with the former equation to yield the conditional pdf of the truncated system in
4.3),

J hi(Ylyz)'hz(Ysl YY) dYy

Iy, Y. |v.>0] =2 :
pdfY, 2| 50l 1-CDF(Y,=0)

niote that k7 as well as CDF; are independent of the participation rule Y3;. Then scme alge-
braic manipulation leads to

h.(Y,.Y,)
e ) [Y3|Y1’Y2} dYy;-

Inspection of (4.4") reveals that three elements characterize the behavior of the conditional
pdf for every observation. Each of these components are reviewed next.

1. ; follows a bivariate normal distribution of the type
I,
h (YY)~ N X o ) Q4

given that ve= Y<-XI1; for s=1, 2 the density function of /; may be expressed as

1 1 YI—XHI -1 Yl_an

exp —5 11 .
lllz 2\ Y,-X1I, Y,-XII,

(4.5) hy(Y1¥)=—F

en |y,

A version of the normal density function (4.5) may yield the likelihood function of model
(4.3) if Y15 and Yo; are treated as standard (non-truncated) dependent variables, and if Y3;
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is observable. Since this is not the case, the characterization of the appropriate likelthood
function requires a broader description.

2. The conditional density function k2 describes the statistic behavier of the index
functior Ys3; since this is completely missing. While actual data for Y3; is not avzilable, its
distribution function may be evaluated indirectly imposing the theoretical structure of the
model.14 The following definition and lemma are required to describe the conditional den-
sity h2,

Definition 4.1: et X~ N, 62)

a a1
J. f(x)dx = CDF(a) = IBE
then,

f [b—p
f(x)dx = 1 - CDF(b) =1-& 7= | -
b

temma: Let

[x1]~ (Pq) 211212\,
R ) 212222}

then, the conditional distribution for x; given X2 is

[x1ix2] ~ N[ul + 21225;(742—&2), Zn- 2'1222212].

Proof: [See Dhrymes, 1570 p. 16].

Consequently, k2 may be expressed as

14 y2: may not be observable, but its empirical effects over the estimation model are.
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Notice that the conditicnal density function of the decision rule is a function of the all avail-
able information in the system. According to expression (4.6) only observable variables (at
least partially due to truncation) may appear explicitly in the estiznation model

4.6) [ hz(Yg, Y, Y, ay, =1-
J 3i
0

3. Lastly, the denominator of (4.47) is the result of the truncated characteristics of
dependent variables Y13 and Y2;. Here, a direct application of definition 4.1 leads to the
function

4.7 CDFi(Y5=0) = Ql%ﬁ- )
Q5

The cumulative standard normai distribution function @ in (4.7) denotes the iimited range
of the observable dependent variables. Note that in contrast to censored models, this func-
tion depends on elements within the decision rule.

It is easy to verify that the appropriate log likelihood function resulting from (4.4) is
the summation of conditional probability functions over the entire observable sample
i=1...N,15

N
logL =Y logpdfi[Y,. Y, | Y >0].

1=1

Note that the likelihood function is a mixture of two normal CDF’s (discrete probabilities)
and a density function. Combining the components of the conditional pdf given by expres-
sions (4.5)-(4.7) and taking logarithms, the log lixelihcod function may be rewritten as

15 The assumption of an iid sample is required in this proposition.
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Not surprisingly, a feature of the log likelihood function in (4.8) is that assuming a diago-
nal covariance matrix, i.e. Q12=0, transforms a Tobit truncated model into a standard full
information maximum likelihood (FIML) estimation model.16 Under such a condition, the
last two rows of expression (4.8) vanished. Then, the likelikood function is solely given
by a bivariate normal density function of the type given in (4.5).

Expression {(4.8) shows that the log likelihood function is highly non-linear, and
thus a root must be obtained numerically. Therefore, consistent estimators may be obtained
using iterative search processes. Olsen [1978] shows that if standard iterative methods are
empioyed, <.g. Newten-Ramson or Scoring, global concavity of logL in terms of the pa-
rameters IT and Q always converge to a global maximum under a Tobit ML procedure.

4.3.2 Properties of Tobit ML Estimators

Under fairly general assumptions, the method of maximum likelihood yields estimators
which are consistent, asymptotically normal and/or asymptotically efficient in the sense
that their limiting distribution has the smaller variance-covariance matrix possible. This is
the case where the covariance of ML estimates is equal to the Cramer-Rao lower bound.1?

16 A diagonal variance-covariance matrix implies that the decision rule bears no relation to the limited
dependent variables within the system. In this case, the link between the unobservable index function and
the partially observable variables is broken. Consequently, Y3; is not estimable and the rest of the system
is unaffected by the index function.

17 For a complete specification of the Cramer-Rao inequality see Dhrymes [1970] and Chow {1983].
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However, ML procedures are particularly sensitive to various types of nonstandard
assumptions that may lead to important misspecification errors. This result contrasts with
the classical regression model where least square estimators are generally asymptotically
consistent under heteroscedasticity, serial correlation and nonnormality. Tobit ML ¢stima-
tors, on the contrary, remain consistent under serial correlation, but not under het-
eroscedasticity and nonnormality.

According to Amemiya [1985], there are two cases where heteroscedasticity is pre-
sent in simple truncated Tobit models: (i) The case of a regressor consisting only of a con-
stant term, and (ii) the case of a constant term plus one independent variable. Extremely
large asymptotic bias may be expected in these cases.18 In addition, heteroscedasticity
problems may be less likely to appear in cross-section analysis than times-series or panel
data. Lastly, under the present circumstances, i.e. cross-section estimation, serial correla-
tion does not constitute an important source of misspecification errors. The ML estimates
obtained from the maximization of the likelihood function in (4.8) are expected to be
asymptotically efficient.

44 The Data Set

Elaborate theoretical analysis on Mexican migration has its major limitation in the availabil-
ity of empirical data. Sample information complicates the estimation procedure because @)
the illegal status of undocumented workers and (i) the impossibility 1o identify potential
immigrants in the Mexican regime. Hence, data requirements transform an essential
switching regression model into a self-selection specification where one regime is com-
pletely unobservable.

4.4.1 Sample Selection

The sample data of this study is based on the 1580 U.S. Census of Population. The Cen-
sus Bureau provides public-use microdata samples on magnetic tapes that comntain informa-
tion on the characteristics of each survey person. In particular, this study uses the one per-
cent microdata sample (B sample) that comprises 2,172,293 personal records in all of the
50 states and the District of Columbia. Mexican undocumented workers are identified from

18 The estimation model presented in (4.3) does not resemble such models.
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this survey by imposing a series of constraints that are more likely to describe them.

A similar methodology has been proposed by Passel and Woodrow [1984] and
Pearce and Gunther [1985). These articles explore the potential of using data from the 1980
Census to acquire a better understanding of how immigration from Mexico affects the U.S.
economy. Their methodology suggests that the ability to speak Eniglish provides an impor-
tant element in distinguishing undocumented settlers. Although information on place of
birth and citizenship has traditionally been collected by the Census Bureau in previous
years, the 1980 Census introduces an additional dimension by including language ¢le-
ments.19

In particular, Pearce and Gunther characterize Mexican immigrants as respondents
born in Mexico who speak no English. The present study, in contrast, introduces further
constraints that provide a more restricted sample than previous research and which may be
used in actual estimation analysis. Table 4.1 summarizes the effects of different restrictions
over the complete Census sample. Respondents born in Mexico constitute 1.02 percent of

1980, this percentage implies that 2.275 million Mexicans were living legally or illegally in
this country.

Tablke 4.1—Samplke Selaction®

s e

Constraint Observations
1% MicroData Sample B 2,172,293
Mexican Eorn 22,219
Spanish Spoken at Home 21,218
Mexican Origin 21,034

16-70 Age Range 17,690

Not a U.S. Citizen 15,468
Ability to Speak English: Low or Null 11,282
Positive Hours Worked in 1979 11,811
Positive Wage Earnings in 1979 11,395

Aill Combined 4,662

* Includes data from 20 states of the Unicn. This accounts for 96 percent of the original sam-
ple.
Primary Source: Public-Use Sample B, 1980 U.S. Census of Population.

19 Notice that undocumented settlers have incentives to lic about their citizenship status, since it bears
direct relation with their illegal condition. In contrast, the ability to speak English is an objective
representation that may not be distorted by respondents.



Additional constraints, however, are rzquired to characterize Mexican undecu-
mented respondents. According to Table 4.1 the restrictions that more likely to identify the
Mexican undocumented settlers are age range, U.S. citizenship and, in particular, the abii-
ity io speak English. Furthermore, in order to access the labor force behavior of this group,
unemployed respondents during 1979 were deleted. This factor tums out to be an important
binding constraint. A joint imposition of all eight restrictions in Table 4.1 yields the actual
sample employed in the estimation model.

This semple represents 0.22 percent of the original Census data. Which implies that
apparently less than a haif million undocumented Mexican workers were employed in
the U.S. labor market during 1979.20 In order to compare the accuracy of this estimation
consider the study of Warren and Passel [1987]. Using a less restricted methodology,?!
they estimate that in 1980 the total number of Mexican-bomn undocumented aliens was 1.13
million [Ibid, p. 382]. This estimate, however, does include working and non-working
immigrants, and it does not restrict the age range. Consequently, it may establish that al-
most half of the Mexican undocumented population is under-age or/and does not participate
in the labor markei.

States with Highest Mexican Population

cA X L AZ MD N WA CO R NY Rest

Rest indicates a percentage of the 20 states sampled.
Primary Source: Public-Use Sample B, 1380 U.S. Census of Population.

Figure 4.3—Regional Concentration of Mexican Settiemenis

20 The actual amount is 498,516. Four per cent more than the number calculated in Table 4.1. which
conveys information on only 2C states (96 percent of the total sample).
21 Where only English ability was considered.
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Mexican undocumented immigration is a regional phenomenon where highly con-
centrated settlements are observed in a few parts of the United States. According to Figure
4.3, only three states capture up to 88 percent of Mexican born immigrants, i.e. California
(57 percent), Texas (23 percent) and Hllinois (8 percent). However, in order to obtain a na-
tionwide representative sample, the 20 states with the largest Mexican population were in-
cluded in the data base, i.e. the shaded regions in Figure 4.4. This aggregation corresponds
to 96 percent of the overall nationial sample.

Figure 4.4—Geographic Distrbution of the Sanpie

Lastly, even if many members of the proxy group identified in Table 4.1 are not
actual undocumented Mexican workers, the use of Census data can provide the information
required for the empirical analysis. According to Pearce and Gunther, Census respondents
have comparable labor skills and socio-demographic characteristics to typical illegal work-
ers, and they are likely to reproduce their economic behavior. Moreover, Census informa-
tion is probably a more nearly random and methodologically accurate than direct regional
surveys of Mexican immigrants.

4.4.2 Variables
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In addition to the ability to identify Mexican undocumented settlers, the Census data pro-
vides further advantages. It furnishes detailed descriptions of economic, social anc demo-
graphic characteristics of immigrants. Using the coded information provided in the original
files, the following variables are defined and computed for each cbservation as follows: 2

(i) Economic Variables:

EARNING = Earnings, salary or self-employment income in 1979 (dollars);

NDATA(, 22)2.

HOURS = Hours worked in 1979, which is the product of usual hours worked
per week and total number of weeks worked in 1979 (hours);
[8769-NDATA(, 23)].

ASSETS = Income from all sources but WAGE in 1979 (dollars); NDATA(, 24).

(ii) Personal Variables:4

AGE = (years); NDATA(, 3).

SEX = 0 if male, 1 female; NDATA(], 2).

MARITAL = 0 if married, 1 otherwise; NDATA(, 4).

SCHOOL = Formal education (years); NDATA(, 6).

CHILDREN =0 if NA or male, 1 if none, 2 if one children, ..., 13 if twelve
or more; NDATA(, 8).

ENGLISH = Ability to speak English: 0§ if not well, 1 if not at all; NDATA(L 7).

IMMIGR = Years of immigration: 1 if 1975-80, 2 if 1970-74, 3 if 1965-69,
4if 1960-64, 5 if 1950-59 and 6 if before 1950; NDATA(], 5).

POVERTY = Poverty status in 1979 (ratio of family income to poverty cutoff):
0 if NA, below poverty level if 1 and 2, above poverty level otherwise;
NPATA(Q, 9).

(1ii) Demographic Variables:

HOUSEHLD = 1 if household supporter, 0 otherwise; NDATA(, 10).

FAMILY = 1 if family member within the household, O otherwise; NDATA(, 11).

URBAN = 1 if SMSA residence, 0 otherwise; NDATA(L, 12).

INDAGR = 1 if agriculture industry, O otherwise; NDATA(], 13).

INDCONST = 1 if censtruction industry, O otherwise; NDATA(], 14).

INDMANUF = 1 if manufacture industry, 0 otherwise; NDATA(], 15).

INDSERY = 1 if service industry, 0 otherwise; NDATA(, 16}.

OCCUTECH = 1 if technical, sales and administrative occupation, 0 otherwise;
NDATA(, 17).

OCCUSERYV = 1 if service occupation, 0 otherwise; NDATA(, 18).

OCCUFARM = 1 if farming, forestry and fishing occupations, 0 otherwise;
NDATA(, 19).

OCCUPROD = 1 if production, craft and repair occupations, 0 otherwise;
NDATA(, 20).

PRIVATE = 1 if employee of private company, 0 otherwise. NDATA(, 21).

22 yariable units are in parentheses.

23 Represents the name of the variable used in the Fortran subroutine, see Appendix B.

24 This set of characteristics is intrinsic to the individual, and they are not exclusive to the U.S.
environment.



115

Summary statistics of these variables are presented in Table 4.2. According to such
information Mexican undocrmented workers in the sample typically tend to be male, mar-
ried and in their early thirties. The age structure of the sample suggests a relatively young
working population characterized by recently arrived immigrants, typically with no more
than ten years of immigration. Their formal education is almost eight years, and 42 percent
of the sample does not speak English at all.

Table 4.2—Summary Statistics
Variable Mean Std. Deviation Min. Value Max. Value
EARNING 7,148.% 5,174.4 15.0 75,000.0
HOURS 1,642.7 7223 1.0 5,148.0
ASSETS 261.8 1,628.8 -3,265.0 67,005.0
AGE 33.00 11.60 16.0 70.0
SEX 0.33 0.47 0.0 1.0
MARITAL 0.22 0.46 0.0 1.0
SCHOQOL 7.90 4.00 0.0 229
CHILDREN 1.20 230 0.0 13.0
ENGLISH 0.58 0.49 0.0 1.0
IMMIGR 2.10 1.30 1.0 6.0
POVERTY 4.90 2.20 0.0 7.0
HOUSEHLD 0.49 0.50 0.0 1.0
FAMILY 0.40 0.49 0.0 1.0
URBAN 0.30 0.46 0.0 1.0
INDAGR 0.19 0.39 0.0 1.0
INDCONST 0.08 0.27 0.0 1.0
INDMANUF 041 0.49 0.0 1.0
INDSERV 0.31 0.46 0.0 1.0
OCCUTECH 0.04 0.21 0.0 1.0
OCCUSERV 0.15 0.36 0.0 1.0
OCCUFARM 0.18 0.38 0.0 1.0
OCCUPROD 6.61 045 0.0 1.0
PRIVATE 0.96 0.20 0.0 1.0

5 e ——

Primary Sourez PublicUse Sanpie B, 1980 USS. Censis of Populion.

The typical Mexican illegal worker earns more than seven thousand dollars annu-
ally. These earnings account for ar: average wage rate of 4.35 dollars/hour, which repre-
sents an amount 45 percent higher than the minimum wage in 1980, i.e. 3.10 dollars/hour,
but it is 34 percent smaller than the average hourly earnings of legal workers, i.e. 6.55
dollars/hour.25 The property income reported (ASSETS) provides little information on the

25 1egal minimum wage and average wage rate of all nonsupervisory workers in the private sector.
Sources: IMF International Financial Statistics and AFL.-C.1.0, respectively.
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net worth of Mexican workers.26 This is expected since respondents are asked to report
financial, social security and public assistance earnings. None of these items are likely to
characterize the actual wealth, if any, of a typical undocumented immigrant who tends to
keep assets in their home-communities, e.g. real estate and cattle.

The basic social unit among Mexican workers sampled is the family. Almost 90
percent of the household is composed of direct family members, 1.¢. parents, children and
siblings. The other 10 percent corresponds to persons not related to the head of the house-
hold, e.g. roommates, friends, paid employees and so on. Although cnly 30 percent of the
sample may be described as urban residents, a small number of respondents are employed
in agriculture related jobs (18 percent). In contrast, 72 percent of respondents worked in
manufacturing and services industries. This may suggest that illegal workers tended to lo-
cate outside the SMSA commuting to the urban centers for their jobs.2? Construction
workers in turn are not represented in this sample since only 8 percent of respondents
worked in this industry. Lastiy, 96 percent of the sample were employed by private corpo-
rations.

45 The Econometric Model

This section outlines the identification conditions and the estimation procedure of the pro-
posed Tobit ML model. First, the identification conditions are imposed on the empirical
model. Here two versions of the original model are identified allowing the derivation of ro-
bust inference analysis. These are distinguished by the number of exclusion restrictions in-
flicted on the original framework. Second, a detailed estimation procedure is presented
based upon the general econometric model described in section 4.3.

Consider a more convenient specification of the simultaneous system (4.1), where
the truncated dependent variables are observed for the sample size Ny, i.e. Wi=Wy; and
Hy=H; [see conditions in (4.2)]:

26 Given the large standard deviation observed in Table 4.2, this variable does not provide a reliable
description of its first moment.

27 Such an argument assumes that manufacturing and service jobs are more likely to be found in urban
areas.
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Observed wage equation:

(4.12) IogWAGE; =dg + Zd + ujj, withi=1...Ny;

observed labor supply:

(4.1b) log[1-HOURS;] = hg+ hjAGE;+ hpASSETS; + h3logWAGE; — Zh + u2;,
withi=1...Ny;

unobserved participation rule:

4.1¢c) GAP; = vy + T1ASSETS; + wlogWAGE; + Zy + u3j,

withi=1...N and y=g-d;

where d, h and ¥ are conformabie vectors of socio-demographic characteristics. Moreover,
notice that y represents a linear combination of parameters affecting the wage equation in
both countries the U.S. (d) and Mexico (g). In particular, consider the following vectors

- SEX ] B T B T B 7
Z= MARTTAL | * d=| 41 |. n=| By |. y= |81
i da hy g4
SCHOOL da hg 2
CHILDREN dg b4 8494
ENGLISH ds hs -5
IMMIGR ds hg —dg
POVERTY dz Ba 47
HOUSEHLD dg hg —dg
FAMILY do by —dy
URBAN d.yo by 810
h -4
INDAGR d 11 -11 11
di2 LEY) —dj2
INDCONST p B -
£ AANTT -13 'is 13
INDMANUF dys b.i4 —d.44
INDSERV das hys —dis
OCCUTECH G.16 by —je
OCCUSERV d.;7 hy; 447
OCCUAGR dig hg 438
d. hg -39
OCCUPROD L 19 | + |
| PRIVATE | ) )

where dotted subscripts represent coefficients asscciated with socic-demographic charac-
teristics Z. Moreover, recall that according to model (4.1) the labor and immigration deci-
sion may be better described by using an earnings function rather thar the explicit average
hourly wage rate as suggested in the previous specification:
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Observed wage equation:
(4.1a") logEARNING;=dg+Zd + upj, withi=1...Ny;
observed labor supply:
(4.1b) logf1-HOURS;] = h0+h1AGEi+h2ASSETS#IgiogEARNINGi—Zh'-&—uz;,
withi=1...Ng;
'3
where i%-l vl

unobserved participation rule:
4.1¢) GAP; = Y9 + Y1ASSETS; + YlogEARNING; + ZY + usj,
withi=1...N and y=g-d.

4.5.1 ldentification

The structure of system (4.17) is not estimable unless some nonsaripie, @ priori information
is also available. This sub-section reviews the requirements for identification conditions of
two different versions of the estimation model.

According to Judge er.al. [1985], a necessary condition for the idertification of the
ith equation is that the number of linear restrictions must be greater than or equal to the total
number of simultaneous equations minus one.28 Let M be the total number of dependent
variables included in the system. Then, under zero coefficient restrictions, the general-
ized rank condition is

= M-1 then the ith equation is just identified
(4.9) Rank(R;A) ) .. .
> M-1 then the ith equation is overidentified.

R; is an admissible zero-one restriction matrix resulting from 2 priori information, and the
matrix A contains all the parameters of the simultaneous equation model.2? Table 4.3 pre-
sents the R;A matrix for the estimation model in (4.17)

28 §f the normalization rule is excluded.

29 Notice that (4.9) is necessary but not a snfficient condition. A sufficient condition will require that every
equation whose error is uncorrelated with the ith equation is identifiable [see Judge et.al. (1985, p.580)]. In
addition, the generalized rank condition applies only to simultaneous equation models that are linear in
parameters and in variables. Identification conditions under nonlinearities are discussed in Brown [1983].
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Table 4.3—dentification Conditions

Variable Conditional Model Unconditional Model
WageEq.  HowsEg. GAP WageEq.  HowrsEq. GAP
Intercept do hp Y0 do ho Y6
lIogEARNING -1 h3 Y2 -1 h3 Y2
log(1-HOURS) 0 -1 0 0 -1 0
ASSETS 0 hy Y1 0 hp 1
AGE 0 hy 0 0 h; 0
SEX dy ha g1-d.g d.i h.1 g.1-d.1
MARITAL do h.o go—d.o do h.o go—do
SCHOOL ds3 h.3 g3-d.3 ds h.3 g.3~d.3
CHILDREN 44 h.g g4—d.g d4 h.g g.4-4.4
ENGLISH ds 0 -ds d.s 0 -ds
IMMIGR dsg h.g —dg dg h.g —dg
POVERTY do h.7 —d.7 d.7 h.7 —d7
HOUSEHLD 0 0 0 d.g h.g -dg
FAMILY 0 0 0 dog h.g -dg
URBAN 0 0 0 0 0 £.10
INDAGR 0 0 0 d11 h.11 .11
INDCONST 0 0 0 0 h.a2 0
INDMANUF 0 0 0 0 h.3 0
INDSERV 0 0 0 0 h.14 0
OCCUTECH 0 0 0 dis h.15 -d.15
OCCUSERV 0 0 0 d.is h.i¢ —d.16
OCCUFARM 0 0 0 0 h.17 0
OCCUPROD 0 0 0 d.ig h.1g -d.18
PRIVATE dio 0 0 d9 0 0

An important constraint is given by the exclusion of the ability to speak English as
a regressor in the hours equation. The amount of time allocated to market activities is un-
correlated explicitly with language abilities of undocumented workers. Labor supply deci-
sions are related to such a variable solely through the wage rate. In addition, note that the
distinction between the conditional and the unconditional models in Table 4.3 is given by
the exclusion of all but one of the demographic variables. These restrictions are imposed in
order to evaluate the effects of the host environment over the labor supply and the partici-
pation decision of undocumented Mexican workers. Moreover, urban characteristics of un-
documented workers are included in the immigration decision, but not in the wage and the
hours equations. The existence of informal recruitment networks within Mexican settle-
ments supports this restriction. Such networks permit finding jobs regardless of the resi-
dence location of workers in the United States. Lastly, based in statistical tests, the wage
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equation was found to be more robust if the industry variables were dropped INDCONST,
INDMANUF and INDSERYV) which let non-agriculture activities be approximated by
occupational variables (OCCUTECH, OCCUSERYV and OCCUPROD).

Inspection of Table 4.3 reveals that identification restrictions for the conditional
model are given by

n|
-1 hyh
L™

Ryoupsh =| &5 419 | RankHOURS) = 2= (M-1), iff(d.4.19)=0;
ds 0

RG@:[OI : d(')w]:Rank(GAP)=2=(M—1), iffd.;9% 0.
- 1

Likewise, the unconditional model is also identifiabie under these conditions. However,
here the wage and the hours equations restrictions become sufficient, but not necessary . In
particular, the coefficient g.10 may be constrained to be non-zero in order to further satisfy
the generalized rank condition .

4.5.2 Estimation

The empirical specification described in (4.1°) is reproduced here using the basic estimation
framework outlined in section 4.3. The structural model may be written as

4.3) YB +XTI'=1,

where Y= [logEARNING log@~HOURS GAP},
X=[1 AGE ASSETS Z7,

U=[u; uz u3]~N(,2),



do ho Yo
1 —h,y-y
>z 0hy 0
B=f{ 0 1 O and T'= -
001 2h
d -h vy
Accordingly, the reduced-form of (4.3) yields
(4.102) logEARNING; — [dg + Zd] =i,
(4.10b) log@~-HOURS;) - [(ho+dgh3) + hiAGE; + hpASSETS; — Z(h—dh3)]= v2i,
(4.10c) GAP; =-[(yo+doY2) + YIASSETS; + Z(y+d2)] = v3i;

where L is the total amount of leisure available in a given period of time and v is a vector of
random terms such that [vii, v2i, v3i] ~ N(0, ). Following the description of the

stochastic terms in section 4.3.1, the covariance matrix takes the form:

@1 ©12:0;3 0. 0
: _ 15811 32

Q=] 0,5 00 |= .
............ Sevies Q,,

l_m13 0y3: W35

Applying the estimation procedure developed in expression (4.8), the log likelihood
function of the simultaneous system (4.10) is governed by

- logil—CDFli] + log[l-CDFZi]

N o [P, )
i 1

(4.11)  logh =-N,log2m) -—L QI - Z‘i i - j

where the probability and the curnulative distribution functions are defined in terms of the

reduced-form stochastic terms v; and its respective variance-covariance matrix:

e 1 2 2 2
pd"i_ Vlimzz— VliV2(012+V210)11 R
{o




v -
CDF1i=d) 3i ’
72

Q22

Mvyd N
CDinz(I) vsi-{Vn(@zzmlz‘“)lzmzy\"'\lzi\@l10323-(912ml3)]/Mll, H

/\/’ w2 [ 2 2
Q,, ‘(‘”22"313'2‘012“’13‘”23""011‘”23 /IQul

Note that the covariance matrix Q is required to be nonsingular since Q-1 must ex-
ist. In addition, it is assumed Q to be positive-definite in order to assure global concavity.
Drymes [1970] proposes a suitable transformation that zus antees this result.

Proposition 4.1: Let Q be a positive definite matrix of order 3. Then there exist an
upper triangular matrix P such that Q=PP".

Prooj: [See Dhrymes, 1970 p. 579; Proposition 15 and Remark 9]

Accordingly, the variance-covariance matrix may be rewritten as
P11 P12P13f|P1y 0 O

Q=| 0 Py Py3||P12P2; C |,
0 0 P33||P13P23P33

where the following definitions applied

®11=P§i+P§2+P§3
Wy = %2"'1’33
Q3= §3

©;,= PP 12+ PasPy3
©;3=P33P;3
@,3=P33P23.

Furthermore, Maddala [1983] recommends that “[blecause yis estimable up to a scale fac-
tor, we shall assume that [Var (v3;)]=1.” [Ibid, p.223] This normalization rule implies that
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Estimation of parameters in the simultaneous system (4.10) is undertaken for both
conditional and unconditional models. Three econometric procedures are used: Iterative
three stage least squares (IT3SLS), standard full information maximum likelihood (FIML)
and Tobit maximum likelihood (Tobit ML).3! IT3SLS estimation was applied directly to
equations (4.102) and (4.10b) using the mainframe version of SAS/ETS™ simultaneous
linear procedures (proc syslin IT3SLS). FIML and Tobit ML estimations required maxi-
mization of the log likelihood function (4.11) by iterative numerical procedures. GQOPT4/1
subroutines were employed in these cases.32 In particular, the FIML model was estimated
using DFP and GRADX algorithms, while Tobit ML estimation required only DFP
optimization.33

Convergence is assured by global concavity of the log likelihood function (4.11).
Nonetheless, it was appropriate to start the iterative numerical approximaiion with good
initial values in order to improve the speed of convergence. Tobin [1958] uses a simple es-
timator based on a linear approximation of the reciprocal of Mill’s ratio to start his iteration.
However, Amemiva [1973] shows that Tobin’s initial estimator is inconsistent. In this
study, IT3SLS estimators were taken as initial values on the optimization process. The
drawback of this approach is that no initial estimates are calculated for the parameters asso-
ciated with the decision rule, i.e. Yo, Y1, ¥2, g, ®13 and @23. Consequently, these values
are initialized at zero. Both set of conversions obtained in this study, conditional and un-
conditional , Teport optimum parameter estimates.34

Finaily, the model (4.10) is estimated using a labor supply defined in terms of the
value L, the maximum amount of leisure in a given period of time. However, the appropri-
ate measure of labor supply is a matter of debate. Hanoch [1980} develops a theoretical
model in which nonperfect substitution between different time definitions of leisure is ex-

30 Notice that under this normalization 013 and @3 are not unique since P33=+1, i.e. P33=Y1.

31 Recall that under the assumptions of linearity and normality IT3SLS and FIML methods are equivalent.
This equivalence is empiricaily tested in the next section.

32 See Goldfeld and Quant [1986], GQOPTA4/I version 4.01. Princenton University: Mineo. The estimation
routines were performed in a 80386 IBM compatible running at 25 MHz. with math coprocessor.
FORTRAN’77 was used as 2 programming language.

33 For descriptions of DFP and GRADX algorithms see Powell [1971] and the guadratic hillclimbing
explanation in Goldfeld and Quant [1972}, respectively. Appendix B presents the Fortran program used in
these estimations.

34 Of course, convergence does not guaranteed that a global optimum has been located.
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plicitly recognized. He concludes that different types of leisure are distinguished by their
corresponding time dimension. Hence, “‘leisure during working weeks’ (L) and ‘leisure
during nonworking weeks’ (L), which are separate arguments in the utlity function, and
thus are not perfect substitutes.” {Ibid, p.120] Nonetheless, following suggestions from
Ghez and Becker [1975], Smith [1977] and Heckman and MaCurdy [1980], the present
model estimates a lubor supply function defined for 1L=8760 hours, the total number of
hours in a year.

a6 Empirical Results

The procedures outiined above were employed in the estimation of two alternative empirical
specifications given by systems (4.1) and (4.1"). The first model recommends the use ofa
wage equation in the iabor and participation decisions, while the second model includes an
earnings function. Both specifications were estimated using iterative three stages least
squares (IT3SLS), full information maximum likelihood (FIML) and the proposed Tobit
maximum likelihood procedure (Tobit ML). The evaluation parameters are presented in
Table 4.4. These results seem to suggest that sampie selections considerations are inconse-
quential when the wage equation is considered in the estimation model. In contrast, trunca-
tion problems and the unobservability of the Mexican regime are extremely important if
earnings are included in the empirical specification. The analysis presented below
correspond to the latter case.

Table 4.4—Model Evaiuation of the Empirical Specification>>

Specification Function ]
Wage [System (4.1)} Eamingss [System (4.1)1
R2  LogLikelihood Value R2 Log Likelihocd Value
IT3SLS 0.303 0.317
FIML —405.33 -400.8
Tobit ML —405.12 -144.8

Estimates of all parameters in the structural model (4.1') are reproduced in Tables
4.5-4.8. For comparative purposes, the first column reports TT3SLS estimates. The other

35 Recall that direct comparation of these paramenters is not appropiate since such specifications are
composed by different dependent variables, 1.c. wage rate and eamnings.
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columns provide FIML and Tobit ML estimates for both conditional and unconditional
modeis. Inspection of these estimates reveals that TT35LS and FIML generate statistically
identical results. Consequently, given that the structural model is linear, the assumption of
normal distributed random terms is supported by the empirical results. Evidence of nor-
mality is prerequisite sine qua non to avoid misspecification errors under ML procedures.
Amemiya [1985] points out that asymptotic bias is found to be especially great in standard
Tobit models when the true distribution function is nonnormal, e.g. Laplace.

4.6.1 The Variance-Covariance Matrix and Specification Tests

While it is impossible to conclude from the empirical analysis that the proposed Tobit ML
estimation method gives better results, the comparisons show that it does lead to different
empirical estimates. Moreover, it is clear from the theoretical analysis in Section 4.2, that
Tobit ML estimation is efficient and asymptotic unbiased. In contrast with TT3SLS and
FIML methods, the likelihood function proposed in (4.11) introduces specification prob-
lems resulting from the use of a truncated sample (CDF;) and unobserved Mexican regime
(CDF»). As expected, standard procedures (IT3SLS and FIML) are biased and inconsistent
because they fail to correct for the potential self-selection bias. These differences seem to
favor the proposed Tobit ML method. However, whether the source of misspecification is
significant enough to justify the computational burden imposed by Tobit ML techniques in
the wage and hours equation represents an empirical query.3

To address this question two arguments may have to be considered. First, the cor-
relation between the wage and hours functions and the participation rule Qir,1.e. 3 and
3. Large and statistically significant correlation values will imply important misspecifica-
tion errors if self-selection bias is omitted from the estimation strategy. Second, the main
reason to compute and report FIML results in addition to Tobit ML estimators is to estab-
lish a general reference model against which likelihood ratio tests can be calculated. This
measure establishes the performance level of Tobit ML estimation with respect to standard
procedures.

Consider the estimates of the transformation matrix P reported in Table 4.5. Ap-
plying the definitions used in (4.11), the upper triangular variance-covariance matrix for the

36 Notice that this controversy dees not applies to the participation rule (GAP), since under standard
procedure this function is not estimabie, i.e. GAP is not observable. In this context, Tobit ML estimation
is unambiguously superior.



126

unconditional model is

+0.588 |
0346 -0.001 )=

- +0.067
Q= 0.012 o

1.000

where the terms in parenthesis are asymptotic standard errors and the asterisk denotes a co-
efficient significantly different than zero at the 95 percent level of confidence.37 The statis-
tical inference suggest that the decision rule (GAP) influences wage earnings and labor
supply decisions of undocumented workers already participating in the U.S. laboer force.
The exclusion of the GAP equation will deny such a correlation, with the corresponding
asymptotic bias. Furthermore, these results indicate that important efficiency gains may be
obtained using full information procedures since the hypothesis of a diagonal covariance
matrix is rejected.

Tablke 4.5—Regression Estimates of the Varance-Covariance Matrix: P
(Asymptotic Standard Errors in Parenthesis)

Variable Conditional Uncornditionc!

FIML Tobit ML FIML Tobit ML
P11 0.708 0274 0.690 0479

(0.007)* (0.007)* (0.007)* (0.009)*
P22 0.095 0,088 0.092 0.088

(0.001)* (0.001)* (0.001)* (0.001)*
P33 1.0 1.0 10 1.0
P12 —0.343 -0.081 -0.303 -0.462

0.011)* (0.011)* (0.011)* (0.011)*
Pi3 - -2.26 - -0.588

- (0.053)* - (0.014)*
P23 - 0.107 - -0.067

- {0.006)* - {0.003)*
Log Likelihood Value —-647.8 -3954 -400.8 -144.8
Observations (Nu)=4662

———_———————_—_———_—_————_———_———_—-—_—-———
* Demotes a coefficient significantly different than zero at the 95 percent level of confi-
dence.

Aside from generating consistent and efficient parameter estimates, Tobit ML esti-

37 On the indeterminate of covariances ®;3 and @23, see footnote 30.
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mation has another function here. This is to serve as a reference model against which the
performance of standard FIML regression models are measured. Recaii that the Tobit ML
model is equivalent to the FIML specification if ;3 and wp3 are equal to zero. Conse-
quently, a likelihood ratio test may be performed under these restrictions.3® Tobit ML esti-
mation constitutes the unrestricted model from which an alternative restricted (FIML) model
can compare its empirical performance. According to Table 4.5, the v izes of the LR test (—
2 times the log of the likelihood ratio) for both, conditional and unconditional models are
504.8 and 512.0, respectively. Using a X2 distribution with Ny—48 degrees of freedom
ailows to reject the null hypothesis (FIML model) ir favor to Tobit ML estimation, with 99
percent of confidence in both cases.

Likewise, 2 similar test may be conducted under the Tobit ML empirical structure
comparing the conditional and the unconditional models. Here, the restricted model is the
conditional specification, where all the demographic dummies but one (PRIVATE), are set
to zero. In this case, the —2log likelihood ratio is 501.2 which, under a X2 distribution with
N,—48 degrees of freedom, permits reject the null hypothesis in favor of the unconditional
models.

To summarize, Tobit ML estimation provides the most efficient and asymptotic un-
biased estimators when comparing with standard procedures that do not account for sample
selection. Moreover, the inclusion of all available information, in terms of demographic
variables, under the unconditional model also improve the performance of the estimation.
Lastly, efficiency gains are expected with the use of full information procedures that in-
clude the participation equation (GAP), since the hypothesis of a diagonal covariance ma-
trix is rejected.

4.6.2 The Earnings Function

381n general, the likelihood ratio (LR) test may be stated as:
Consider Ho: r(0) = 0and
Hi:r(9)#0.
Optimal log likelihood values are given by
Ly=L(81Y) where § is the unrestricted ML estimate and

L=L@ 1Y) where 8 is the restricted ML estimate.
Then, ender Hg

LR =2[logLlogL,] 3 x2 with q degrees of fresdom.
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Empirical estimates of the logarithm of annual wage earnings of undocumented Mexican
workers are presented in Table 4.6. From the set of personal characteristcs, only sex and
marital status have substantial effects on U.S. earnings. Single male illegal workers are
more likely to have higher earnings than females or married males. Although this result is
supported by the two Tobit ML models reporied in Table 4.6, IT3SLS and FIML contra-
dicts the effect of marital status over earnings. These estimation models suggest that mar-
ried workers actually have a greater propensity for higher wages. This contradiction may be
explained by misspecification errors due to self-selection bias in standard estimation meth-
ods.

An additional source of divergence is found with the statistical inference of the
SCHOOL ’s estimate. In contrast to IT3SLS and FIML coefficients, the unconditicral Tobit
ML model reports that formal education has a statistically significant positive effect on
wages.39 Contrary to conventional wisdom, this result implies that undocumented immi-
grants are actually able to transfer some of their Mexican-specific educaton to the U.S. la-
bor market. Investment in formal human capital (school education) may be a profitable in-
vestment even in the host-country. Unitary iricreases in the immigrant’s schooling raise the
annual earnings by 4.5 percent. Accordingly, Mexican formal education is transferable
across regimes.

In contrast, education specific to the U.S. regime, e.g. ability to speak English, is
less likely to affect earnings of undocumented workers. The parameter estimate of EN-
GLISH is not statistically significant at 95 percent of confidence in both IT3SLS and un-
conditional models. This result supports the tendency observed by illegal workers 1o show
little incentive to learn English. Such a disposition may describe the low skill orientation of
their jobs, where none or small dominance of English results in a satisfactory job per-
formance.

The lack of statistical correlation between English speaking ability and earnings may
be explained due to cohort or network effecis. Here, Mexican workers tend to locate them-
selves in jobs that reproduce their home-environment by working with feliow-countrymen.
In this setting, job coordination takes place inside the cohort without the need of foreign
language communication. Only one bilingual person, e.g. the foreman, is required as a
bridge between English speaking bosses and undocumented workers. Moreover, ihe defi-

39 Recall that the existerce of statistical correlation between two variables does not imply causality.
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ciency in English proficiency may provide evidence in favor the transitory characteristics of
Mexican undocumented immigration, where low rates of social and cultural assimilation are
observed.

Tabk 4.6—Regression Esiimzes of the Wage Equation: LOgEARNNG
(Asymptotic Standard Ermrors in Parenthesis)

Variable Conditional Unconditional
IT3SLS FIML Tobit ML FIML Tobir ML
Intercept (dg) 7.61 7.50 11.45 7.63 8.30
(0.093)* (0.079)* (0.438)* (0.094)* (0.024)*
SEX {d.») -0.379 -0.606 -2.93 -0.378 -0.216
(0.639)* (0.038)* (0.405)* (0.039)* (0.039)*
MARITAL (d.p) -0.127 -0.177 0.685 -0.129 0.161
(0.025)* 0.025)* (0.204)* ©0.025* 0.027)*
SCHOOL (d.3) 0.003 0.002 =0.047 0.002 0.045
(0.003) (0.003) (0.046) (0.002) (0.004)*
CHILDREN (d.4) 0.014 0.003 -0.019 0.014 -0.005
(0.008) (0.008) 0.072) (0.008) (0.008)
ENGLISH (d.5) 0.033 0.073 0.517 0.033 0.020
(0.022) 0.022)* (0.085)* 0.021) (0.019)
IMMIGR (d.¢) 0.026 0.052 0.306 0.024 0.035
(0.009)* (0.009)* 0.041* (0.009)* {0.607)*
POVERTY {d.7) 0215 0.196 0.875 0.215 0.167
(0.005)* (0.005}* (0.049)* (0.005)* (0.004)*
HOUSEHLD (d.g) 0.121 - - 0.115 0.146
(0.040)* - - (0.040)* (0.028)*
FAMILY (d.g) ~0.406 - - -0414 -0.303
0.041)* - - ©0.041)* ©.031)*
INDAGR (d.11) -0.234 - - -0.241 -0.133
(0.058)* - - (0.058)* (0.029)*
OCCUTECH {d15) —0.113 - - -0.108 —5.056
0077 - - 0.077) (0.055)
OCCUSERY (d15) -0.218 - - -0.215 -0.146
(0.063)* - - (0.063)* (0.039)*
OCCUPRCD (d.15) -0.052 - - -0.050 -0.005
(0.058) - - (0.058) 0.029)
PRIVATE (d.19) 0.168 0.186 —0.003 0.159 0.111
(0.056)* (0.094)* (0.018) (0.058)* (0.029)*
Weighted R2 0317
Log Likelihood Value -647.8 -395.4 ~400.8 -144.8
Observations (Nu)= 4662

* Demotes a coefficient significantly different than zero at the 95 percent level of confidence.

A tobust result is obtained in the estimate of the IMMIGR variable. In particular,
under the unconditional Tobit LM model an additional five years of immigration are more
likely to increase wage profits an average of 3.5 percent a year. This effect is understated




when using standard estimation procedures, e.g. 2.4 percent under the comparable FIML
model. In any case, longer immigration periods may suggest higher assimilation rates of
undocumented workers into the labor force. In fact, U.S.-specific market and nonmarket
experience, measured by immigration years, constituies a source of human capital invest-
ment. Unlike others forms of U.S.-specific human capital investment (e.g.English spcak-
ing ability), immigration time has a significant direct effect cver eamings.40

In sum, human capita! investment of Mexican seulers may take the following forms:
Formal domestic education (SCHOOL), U.S.-specific abilites (ENGLISH) and U.S. ex-
perience IMMIGR). It is shown that formal education in Mexico may be transferred
across regimes positively affecting U.S. earnings. In addition, ability to speak English
does not constitute a profitable investment, since undocumented workers tend to locaie in
low skill jobs where cohort organization eliminates the need of English-speaking interac-
tion. Lastly, time of immigration constitutes a proxy for on-the-job training, where the de-
gree of assimilation into the U.S. labor market is proportional to the migration experience.

4.6.3 The Labor Supply

Estimates of the labor supply are presented in Tabie 4.7. Here empirical results are gener-
ally consistent with theoretical predictions described in Section 3.4.4! According to the life
cycle model of undocumented immigration, time-preferences and interest rates are captured
by the estimate coefficient of AGE. Although older immigrants may have a greater tendency
to work more, as expected in the theoretical model, this parameier is not statistically
significant under both unconditional models (FIML and Tobit ML). The rationality of this
behavior may be given by the equivalence between the time-preference and the real interest
rate, i.e. p=r.42 The estimate coefficient of ASSETS, in contrast, is entirzly conventional.
Increase in the U.S. property income reduces the amount of hours allocated to market ac-
tivities. A consistent result that is found elsewhere and confirmed by the estimate of h2in
Table 4.7.

40 Note that immigration time is not necessarily positive correlated with the ability to speak English.
41 Notice that the labor supply in the U.S. regime is reciprocal to leisure demand, i.e. Hy=1-Lq.
42 According to expression (3.28) hj=-logR, where R=(1+p)/(1+1). Then h)=0if p=r.
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Variable Cornditional Unconditional
IT3SLS FIML Tobit ML FIML Tobit ML
Intercept (o) 9.72 9.78 9.41 9.77 9.43
(0.338)* 0.226)* (0.064)* (0.325)* {0.010)*
AGE () -0.0002 -0.0004 -0.0004 -0.0002 -0.0002
(0.00014) (0.0001)* (0.0001)* (0.00013) (0.00012)
ASSETS (b,) 3.3x10-6 5.7x10~5 6.1x10-6 6.1x10-6 3.7x10-5
(1.4x10-6)* (1.1x10-6)* (1.1x10°5)* (1.1x10-6)* (1.1x10-6)*
IogEARNING (h,) ~ -0.102 -0.114 -0.060 -0.108 -0.052
(0.042)* (0.029)* (0.006)* 0.042)* 0.001)*
SEX (h.1) 0.610 0.024 0.020 0.012 -0.035
0.017) 0.018) (0.017) (0.016) (0.007)*
MARITAL (h.2) 0.012 0.016 -0.004 0.013 -0.042
(0.006)* (0.006)* (0.005) (0.006)* (0.004)*
SCHOOL (h3) -0.001 -0.001 -0.0005 -0.001 -0.004
(0.0004)* (0.0003)* (0.0006) (0.0003)* (0.0003)*
CHILDREN (hy) -0.002 -0.002 -0.001 -0.002 0.002
(0.001) 0.001) (0.001) (0.001) 0.001)*
IMMIGR (h.) -2.005 -0.007 -0.007 —0.005 -0.002
(0.002)* (0.002)* 0.002)* 0.002)* ©.001)*
POVERTY (h.7) -0.010 -0.0115 -0.009 0011 0.010
(0.009) (0.006)* (0.005) (0.009) (0.007)
HOUSEHLD (h.g) 0.003 - - 0.003 0.013
0.007) - - (0.006) 0.004)*
FAMILY (h.) 0.007 - - 0.010 -0.028
(0.018) - - (0.018) (0.004)*
INDAGR (h.11) 0.027 - - 0.029 0.022
0.024) - - (0.020) 0.013)
INDCONST (h.;2)  -0.001 - - -0.002 0014
0.018) - - (0.019) 6.011)
INDMANUF (h.13) 0.023 - - 0.023 0.041
0.0:7) - - 0.017) (0.011)*
INDSERY (h.14) 0.017 - - 0.017 0.035
(0.019) - - 0.017) 0.01D)*
OCCUTECH (h.:s)  0.018 - - 0.018 0.023
(0.015) - - 0.014) (0.010)*
OCCUSERY (h.16) 0.024 - - 0.025 0.021
0.016) - - (0.014) 0.008)*
OCCUAGR (h.a7 0.002 - - -0.0006 0.018
0.014) - - 0.012) 0.011)
OCCUPRCD (h.jg)  0.009 - - 0.008 0.020
0.013) - - 0.011) (0.008)*
Weighted R? 0317
Log Likelihood Value -647.8 -395.4 —400.8 -144.8
Observations (Nu)= 4662

W

* Demotes a coefficient significantly different than zero at the 95 percent level of confidence.
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"The iabor supply of undocumented Mexican workers appears to be positive and
relatively inelastic to changes in the U.S. wage rate. Under the Tobit ML model, estimated
earnings elasticities of the demand for leisure are —0.052 and ~0.060 for the unconditional
and conditional models, respectively.43 However, the earnings elasticity is substantially
overestimated, in absolute terms, when using standard estimation procedures. IT3SLS
and FIML report estimates of earnings elasticities ranging from ~0.102 to -0.114. All esti-
mates reject the null hypothesis at 95 percent of confidence in favor of non-zero coeffi-
cients.

The theoretical specification of the labor supply in (3.28) aliows the identification of
intertemporal effects.44 Under the unconditional Tobit ML model, the life cycle component
of the labor supply 1,3 is likely to be —0.947. Hence, leisure decisions are affected by pcr-
manent changes in earnings. Transitory effects perceived as such by undocumented work-
ers will have little effect over their lifetime labor supply. Relatively inelastic labor supplies
are expected if intertemporal effects are included in the regression model.

Similar studies of life cycle behavior by Smith {1977], MaCurdy [1985] and Al-
tonji [1986], among others appear to confirm this result.45 Smith uses synthetic cohort data
from a 1967 sample of white and black men, finding leisure demand elasticities of —0.06
and —0.10, respectively. Cross-section data on prime-age white married men is used by
MaCurdy, obtaining labor supply estimates ranging from —0.08 to —0.15. Lastly, Altonji
calculates lifetime sensibility of labor supply decisions to a longitudinal sample of married
white men, estimating elasticities in the order of 0.09-0.17. Unfortunately, there are no
similar studies on undocumented immigration in the economic literature.

According to the uncorditional Tobit ML model, single Mexican workers are more
likely to work longer periods than married settlers; this seems to be consistent with their
expected eamnings reported in the wage equation. Undocumented workers with higher edu-
cation and with longer immigration periods will tend to allocate more time to market activi-
ties than low educated and recent immigrants. Although these estimates are statistically sig-

43 Notice that according to system (4.1") the actual Iabor supply elasticity is 0.0548.

44 Recall that the uncompensated wage elasticity h3 is composed of a current and lifetime components, ie.
ha=-{1+1y3).

45 See Killingsworth [1983] for a comprehensive summary of estimates for lifetime elasticities of labor
supply, p.298.
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nificant, their overall impact on the labor supply may be rather small. Finally, the estimate
parameter for the number of children is statistically significant only in the unconditional
Tobit ML model, where an additional child may imply a decrease of 0.2 percent in the
number of hours worked. This issue is specially important in the case of female undocu-
mented workers.

4.6.4 The Participation Decision
The most important contribution of this analysis constitutes the empirical estimation of de-

observable, this objective may be achieved only by the use of estimation methods based on
limited dependent variables models. Table 4.8 shown the empirical results of the decision
rule under both conditional and unconditional Tobit ML models.

The first step in the interpretation of estimates for the participation rule is to define
the economic meaning of GAP. It is well known that if positive quantities of a market
good are purchased, a necessary equilibrium condition is that its price equals its marginal
value; while if the price exceeds the marginal valuation of a market good, no purchases will
be observed. For Mexican undocumented participation, a similar conditicn applies. Immi-
grants will switch back and forth across regimes according to the relative composition of
net benefits in each country. In this context, undocumented immigration is observed since
the marginal valuation or shadow price of U.S. participation exceeds the opportunity costs
of an alternative activity in the Mexican regime.

Because it is possible to compare the relazive magnitudes of utility differences, the
participation index GAP arranges migration preferences ir a ordina fashion. GAP, how-
ever, does not provide a quantity measure since utility preferences do not observe cardinal
properties. Intrapersonal comparisons of utility are not feasible. Indeed, the decision rule
indicates the direction of migration flows, but it does not quantify the magnitude of such
flows. Nonetheless, a cardinal measure of undocumented Mexican immigration may be
obtained by a suitable transformation of the participation rule into a probability statement. 46
Here, the likelihood of participation is quantified in terms of their impac: multipliers which
are a function of all exogenous variables in the decision rule and its density function. Con-
sequently, an ordinal criteria like the participation index GAP can be proportionally mapped

46 Such a transformation is given by Pr(GAP>0)=Pr(I1aX>v3;)=CDF(-TI3X). A comparative static
exercise results in OPr(GAP>0)/2v;=0CDF(-)/oy;=pdi(-)xoI1;/0v;, where by definition pdf(-)>0.
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into a cardinal measure given by the probability of switching regimes.

Tabke 4.8—Regression Esiimates of the Participation Rule: GAP
(Asymptotic Standard Emors_in Parentt-sis

Variable Tobit ML
Conditional Unconditional
Intercept (Yo) 14.61 3.66
(0.460)* (0.054)*
ASSETS (¥1) —4.6x1076 -3.2x10~%
(33x10-6) 4.7x10-3)*
10gEARNING (v2) -138 -0.500
(0.007)* (0.608)*
SEX (g.1-4.1) 0.017 293 -0.198 0.018
(0.040) (0.088)*
MARITAL (g-d2) -0.149 -0.834 -0.679 -0.840
(0.624)* (0.073)*
SCHOOL (g.3~d.3) 0.006 0.0 -6.059 -.104
(0.004) (0.003)*
CHILDREN (g4-d4) 0.004 0.0 0.038 0.038
(0.006) (0.017)*
ENGLISH (-d.5) -0.517 0.0
IMMIGR (~d.g) -0.306 -0.035
POVERTY (~d7) -0.875 -0.167
HOUSEHLD (~d.g) - -0.146
FAMILY (-d.g) - 0.303
URBAN (g.10) - - 0,033 0.0
(0.028)
INDAGR (-d.11) - 0.133
OCCUTECH (~d.15) - 0.0
OCCUSERYV (-d.16) - 0.146
OCCUPROD (~d.18) - 9.0
Log Likelihood Value -3954 -144.8
Observations (Nu)= 4662

e —————————
* Demotes a coefficient significantly different than zero at the 95 percent level of confi-
dence. The characters in bold refer to estimates of the vector @. Recall that demographic
characteristics in the GAP equation are composed by y=g—d. See Table 4.5 for estimates
of vector d.

Taking these considerations into account, inspection of estimates in Table 4.8 re-
veals that married males with a low level of formal education are more likely to engage in
migration activities. In particular, human capitai in terms of Mexican-specific education ap-
pears to have a stronger effect in the participation decision than in the U.S. undocumented
labor supply. Not surprisingly, it is shown that improvement and expansion of the Mexican
educational system may significantly reduce immigration flows to the United States. More-
over, such a contraction may be viewed by domestic residents as a lifetime decision. U.S.
immigration policy aimed at the promotion of Mexican-specific human capital investment
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appears be a more etficient strategy to control undocumented flows, than conventional non-
economic policies, e.g. border inte-diction and employment sanctions.4’

Although the number of children (CHILDREN) and years of immigration
(IMMIGR) show relatively small effects on the estimate of hours worked in the U.S., these
variables appear to play an important role in the determination of the immigration decision.
In general, increasing the number of children in the household may encourage participation
in the 1J.S. labor market. In contrast, larger periods of immigration IMMIGR) are more
likely to promote repatriztion of undocumented workers to the Mexican regime.

Empirical estimates of these two variables (CHILDREN and IMMIGR) seem to
provide evidence of the household productivity hypothesis developed in Chapter 2. There,
transitory immigration is an optimal solution even with the existence of continuously large
wage differentials in favor of the U.S. regime. Undocumented workers switch back to their
home-communities because the marginal productivity of household activities offset possible
U.S. market gains. Mexican residents immigrate in periods of low productivity and return
{0 their home-communities in periods of high productivity.

In this context, larger families will tend to distribute household activities among
their members in a more comprehensive way than smaller families. Higher number of chil-
dren may liberate human resources that can te directed to participation in the United States.
The positive correlation observed in Table 4.8 between number of children and incentives
10 participate in the U.S. appears to support the former hypothesis.

Because the marginal productivity of household activities appreciates exponentially
over the immigration period, further participation in the U.S. labor market diminishes rela-
tive benefiis of undocumented workers in terms of alternative activities in their home-com-
munities. This creates a progressive deterioration of the family wealth that will result in
Mexican repatriation. Such an argument seems to be supported by the empirical evidence
presented here, where the estimate of the immigration parameter (AMMIGR) is negatively
correlated with the decision rule.

The two economic variables included in the participation equation, ASSETS and

47 These policy instruments do not affect the life cycle component of the decision process of undocumented
workers. It has been shown, therefore, that such transitory distortions may have little impact on the
participation rule.
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logEARNING, are statistically significant at 99 percent level of confidence. As expected,
the estimate parameter of the net worth is negative and larger, in absolute terms, than the
similar estimate in the labor supply (3.2x164 v.s. 3.7x10-6). This result indicates that rel-
ative to the labor supply, the determination of the immigration decision may be affectedina
larger proportion by changes in the property income. Aithough the empiricai estmate of
such a variable is rather small, it is shown that the changes in the household financial
wealth may significantly impact a behavior characterized by switching regimes.*

In addition, the estimate coefficient of the logarithm of earnings may be interpreted
as the uncompensated elasticity of the GAP index. Relative to the labor supply, the partici-
pation decision appears to be more sensitive (less inelastic), in absolute terms, to earnings,
ie. —0.5 v.s. 0.052 [see Figure 4.5]. Accordingly, changes in the low-skill U.S. wage rate
may have a small effect over the undocumented labor supply, but a relative large impact in
terms of divert Mexican participation.

U.S. Wage
4 i

/

/
. /
R

Paripation Rule US. Fours
Fioure 4.5—Hexican Undocumented Labor Supply and GAP Wage Elsiciies

‘U.S. Eamings

Indeed, contrary to conventional wisdom, the empirical evidence presented here
suggests that an increase in U.S. earnings may actually discourage Mexican participation.
Recall from section 3.4.2a and in particular equation (3.27), that the wage elasticity of the
participation rule is defined as a linear combination of three major elements: A lifetime
(permanent) component [(a+b)ly3<0], a direct (current) multiplier [b>0] and a job-search-
ing cost parameter [bf>0], i.e. vo=—-{(a+b)ly3+b(1+)]. Consequently, given that the em-
pirical estimate of ; is negative, current and searching costs effects seem to dominate the

48 Undocumented participation in the U.S. will be promoted when household wealth is deteriorating, and it
will be discouraged when net worth appreciates.
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life cycle component of the wage elasticity [(a+b)ly3<b(1+f)]. In this context, Piore [1986]
suggest that

“[t]he best way to limit immigration is by direct control over
employment conditions, by raising wages and improving
working conditions of jobs to which immigrants are attached
in the hope that this will eventually attract national workers
in their place.” {Ibid. p.37]

For instance, an increase in the legal minimum wage will actually hurt new immigration
flows, while undocumented workers already participating in the U.S. labor force will ben-
efit from this policy.

Further conclusions may be derived from the analysis of different eiements of the
wage elasticity. According to the discussion on the labor supply in 4.6.3, the life cycle
component ly3 is identifiable if the wage elasticity of the hours equation is known, i.e.
ha=—(1+1,3). Consistent with the theoretical specification, it was suggested that the estimate
of 1,3 may be equal to —0.947. Assuming constant returns to scale in the utility function,
ie. (a+b)=1, the coefficient of both current and searching costs effects in the participation
rule is 1.447.49 Unfortunately, the effect of searching cost over the participation rule can-
not be explicit deduce without further assumptions.

The negative correlation between the immigration decision rule and U.S. eamnings
reported above is likely to be driven by the consideration of searching costs. Notice that in
the absence of searching costs (f=0), life cycle information outweighs current effects if
431, i.e. (a+b)ly3>b. In this case, the wage elasticity of the participation decision is un-
ambiguously positive. Consequeniiy, given that y3<0 it may be concluded that searching
costs play a significant role in the determinazion of the participation rule: Large values of f
wili result in less inelastic negative functions of GAP with respect to wage rates. Any at-
tempt to neglect such an effect may led to erroneous conclusions on undocumented Mexi-
can participation in the United States.

Nonetheless, the former results have to be taken with caution since both variabies
GAP and U.S. earnings (Eys) are assumed to be endogenous. It is shown that increasing
wage rate in the U.S. labor market may discourage Mexican participation i.e.

49 1 fact, notice that by construction O<b<1 and O<f<I. Then, current and searching costs coefficients are
restricted to the interval [1,2), i.e.1<b(1+f)<2.
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OGAP/OE,5<0. However, an inverse relationship may also applied: The influx of Mexican
workers could depress U.S. wage rates, i.e. 6Eys/@GAP<0. This hypothesis can not be
tested since GAP does not appear as a regressor in the wage equation.50 In this context, the
empirical exercise has established a statistically significan correlation between the immi-
gration decision and U.S. wages, but their causality direction is ambiguous.>1

To summarize, estimation of the participation rule constitutes a major contribution
of this empirical exercise. It is found that undocumented immigration is more likely to oc-
cur among married household members. Mexican-specific formal education is expected to
have 2 statistically significant negative effect over the probability of undocumented partici-
pation. In particular, promotion of further investment in human capital specific to the
Mexican regime may contribute to significantly reduce undocumented popuiation in the
United States. This may be a more efficient immigration policy than traditional instrurments
that fails to promote permanent involvement in home-communities. The empirical estimates
of the parameters for number of children and years of immigration appear to confirms the
hypothesis that relates the marginal productivity of household activities with switching back
and forth across regimes. Moreover, the deterioration of the household net worth seems to
promote undocumented participatiors, whiie its appreciation may reszlt in repatriation of
Mexican illegal workers. Finally, the empirical evidence suggests undocumented immigra-
tion is discourage with further expansion of U.S. eamnings.This result may be driven by the
impact of job-searching costs over the elasticity of GAP, where large searching costs yield
relative elastic negative participation functions.

50 Since participation rule is missing, such a specification will considerably complicate the empirical
model.
51 The author acknowledges Peter Harley for bring to his attention this point.



CONCLUSIONS
AND
PoLicY RECOMMENDATIONS

Empirical conclusions regarding the economic impact of undocumented workers on the
U.S. economy have traditionally been based on circumstantial rather than on direct evi-
dence. Such results are frequently based on simulated effects of illegal immigration, where
the relevant elasticities underlying the simulations are merely approximations. In fact, littie
is known about the elements driving Mexican immigration and its characteristics of the la-
bor market in which undocumented workers operate.

This study addressed the impact of Mexican illegal immigration on the U.S. labor
market. It constitutes a first step towards developing rigorous structural econometric mod-
els which empirically analyze undocumented labor force dynamics. Rigorous structural
estimation requires the solution of intricate theoretical problems that have not been ad-
dressed in previous literature. The analysis developed here identifies those problems and
proposes innovative solutions. In particular, the participation decision and the labor supply
function of illegal Mexican workers were studied in the context of life cycle theory and
stochastic behavior. The empirical part of the analysis addressed the probiems of sample
selection and missing observations that characterize the available data on Mexican migra-
tion. The major conclusions derived from this study are enumerated below.

Human Capital and Earnings:
e Mexican undocumented workers appeared to have little economic incentives to

invest in human capital specific to the U.S., such as the ability to speak English. This be-
havior may be the result of partial transferability of home skills (e.g. formal education) to
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the secondary labor market in the United States. Contrary to conventional wisdom, the em-
pirical evidence seemed to be consistent with the transferability hypoihesis. Undocumented
immigrants may be actually able to transfer some of their Mexican-specific education to the
U.S. labor market, positively affecting earnings of undocumented workers. Unitary in-
creases in the immigrant’s schooling may boost their annual income in the U.S. by 4.5
percent. Accordingly, investment in formal human capital (school education) appeared to be
a profitable investment even in the host-country.

o Education specific to the U.S. regime, e.g. ability to speak English, is less likely
to affect earnings of undocumented workers. The ability to speak English does not const-
tute a profitable investment, since undocumented workers are employed in low-skill jobs
where cohort organization eliminates the need for English-speaking interaction. Mexican
workers will tend to locate themselves in jobs that reproduce their home-environment by
working with fellow countrymen. In this setting, job coordination takes place inside the
cohort without the need of foreign language communication. Only one bilingual person,
e.g. the foreman, is required to bridge Erglish speaking bosses ard undocumented work-
ers. The coordinator is likely to be an Hispanic native worker or a long ime permanent
immigrant. This result is consistent with the tendency observed by illegal workers to show
little incentves to learn English.

e Mexican illegal workers are likely to be characterized by individuals with transi-
tory immigration patterns. The deficiency in English proficiency and the transferability of
Mexican-specific human capital may provide evidence in favor of this hypothesis. Mexican
undocumented immigration may be viewed as a temporary phenomenon, distinguished by
low rates of social and cultural integration to the U.S. economy.

o The time elapsed since immigration may represent a proxy for on-the-job training,
where the degree of assimilation into the U.S. labor market is proportional to the migration
experience. Unlike others forms of U.S.-specific human capital investment (e.g.English
speaking ability), immigration time may have a significant direct effect over earnings.

Labor Supply and Marginal Displacement Effects:

o The labor supply of undocumented Mexican workers is likely to be positive and
very inelastic to changes in the U.S. eamings. Under the proposed econometric model, the
uncompensated labor supply elasticity was likely to be ina 0.055-0.064 range. However,
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wage elasticities are substantially overestimated if standard linear estimation procedures are
used, i.e. 0.114-0.129.

¢ The life cycle specification developed in the theoretical model permirtted the
identification of current and lifetime effects. It was shown that labor supply decisions may
be affected mainly by permanent changes in earnings. Transitory effects perceived as such
by undocumented workers will have little effect over their lifetime labor supply. This result
appears to be consistent with Friedman’s permanent income hypothesis.

o Low marginal displacement rates of native workers were observed as result of
Mexican undocumented immigration. Following Johnson [1980], the labor supply elastic-
ity of domestic workers in the low-skill market is plausibly to be around 0.2, which is
relatively more elastic than the labor supply of illegal workers estimated in this study. Ac-
cordingly, given an expansion of the wage rate in the secondary market, e.g. a hike in the
legal minimum wage, the number of native born workers in the labor force will increase
proportionally more than the increase in undocumented workers. The rather inelastic labor
supply of illegal settlers may reflect little marginal displacement effects in the low-skill
market.

The Participation Decision and Household Productivity:

o The dichotomy between home-production possibilities in each country suggested
that leisure in Mexico is a poor substitute for leisure in the United States. This constituted a
major element in explaining the coexistence between temporary migration and continu-
ously large wage differentials favoring the U.S. labor market. Mexican residents are pro-
ductive in household activities and in the labor market, while undocumented workers are
productive only in the U.S. labor force.

o Mexican workers switch back and forth across countries as a result of fluctua-
tions in the marginal productivity of home activities either in the market or in the house-
hold. The life cycle specification predicted that Mexican immigrants respond to social, cul-
tural and particularly economic attachments with their home-communities. Hlegal settlers,
however, will immigrate permanentiy if these anchors are broken, for instance by family
immigration.
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» The empirica! evidence obtained here appears to be consistent with the previous
hypothesis. Indeed, longer immigration periods are more likely to discourage Mexican par-
ticipation in the U.S. labor market. Extended immigration periods diminishes relaiive
benefits of undocumented workers in terms of alternative activities in their home-com-
munities. In fact, the marginal productivity of household work appreciates exponentially
over the immigration period. This creates a progressive deterioration of the family wealth
that will result in Mexican repatriation.

The Participation Decision and Formeal Education:

o Formal educzation in Mexico seemed to have strong negative effects on the proba-
bility of undocumented laborers participating in the U.S. labor force. Iz was shown that
improvement and expansion of the Mexican educational system may significantly reduce
immigration flows to the United States. Moreover, such a contraction may be viewed by
domestic residents as a lifetime decision. Immigration policy aimed at the promotion of
Mexican-specific human capital investment appears to be a more efficient and permanent
strategy to reieased immigration pressures than conventional non-econormiic policies, €.g.
border interdiction and employment sanctions.

The Participation Decision and U.S. Earnings:

e The theoretical model predicted that under determined conditions expansion in
U.S. wages may, in fact, dissuade participation of further Mexican settlers. Because of the
consideration of search costs, undocumented labor force participation may be discouraged
as result of increases i~ domestic wages. The basic hypothesis suggests that search costs
are negatively correlated with the domiestic excess-demand in the U.S. labor market.
When the Iabor market shows large net domestic demand, jobs are easy to locate because
employment competition is relatively low across participants. Conversely, requirements of
undocumented workers are reduced when iocal residents are able to clear the domestic labor
market. In this context, illegal immigration acts as a “reserve army” that responds to con-
tractions and expansions of domestic labor supply and demand.

o According to the empirical results, Mexican undocumented workers were likely to
operate in a labor market characterized by conditions of excess demand. The uncompen-
sated earnings elasticity of the participation index was likely to be near —0.50. This implied
that, contrary to conventional wisdom, the empirical evidence suggested that an exogenous
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increases in U.S. wages may actually discourage M can participation. For instance, an
increase in the legal minimum wage will in fact burt new immigration flows, while
undocumented workers already participating in the U.S. labor force will benefit from thi
policy. Consequently, search costs play a significant role in the determination of the par-
ticipation rule. Any attempt to neglect such an effect may led to erroneous conclusions on
undocumented Mexican participation in the U.S. labor market.

e Notice that the empirical result described above established a statistically signifi-
cant correlation between the immigration decision and exogenous changes in U.S.
earnings. However, their causality direction remained ambiguous when earnings are
considsied endogenous. In thiis case, the impact of Mexican undocumented participation on
the determination of domestic wage rates (GAP—E,) cannot be assessed within this
framework.

Finally, recent immigration policy has introduced costly and inefficient distortions to the
U.S. economy, in generai, and to the low-skill labor market, in particular. Policy maker:
may learn from this =xperience and, hopefully, recognize the need for a different approach.

In this context, some policy recommendations are proposed below.

First, establish 2 formal network of policy coordination between Mexican and U.S.
authorities. Coordination may lead the U.S. to abandon unilaieral immigration measures,
and Mexico may be willing to recognize the migration phencmenoi as a national priority
and thus a legitimate topic for negotiation. The fundamental labor dependency between
these nations cannot be neglected. Yet, dialogue and cooperation in a context of mutual re-
spect and understanding constitutes a unique channel in which both countries may certainly
benefit from further Mexican migration to the United States.

Sceund, 1c3tore a comprehensive guest-worker program that couid provide tempo-
rary Mexican workers for the secondary market in the United States. The domestic econ-
omy would benefit in terms of efficienicy gains, development of new markets and tax rev-
enues of transitory workers. Legalization of the de facto undocumented immigration pro-
cess could provide a transparent mechanism for equal redistribution of efficiency gains
across the economy.
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Although the proposed contract-labor program may be regulated and overseen by
immigration authorities, management would rely on private immigration agencies. Akin to
the role piayed by import-export agencies in international trade, immigration agents would
act as intermediaries between industries with excess labor demand and Mexican workers
willing to participate in the U.S. labor market. The proposed program may be self-financ-
ing. Immigration authorities would charge license fees to authorized agents and employers
would pay comrmissions for intermediary services. Resources to monitor the program could
come from reallocation of funds already used in extensive border control and inefficient
employer sanctions enforcement. Under these circumstances Mexican immigrants would
not have economic incentives to settle permanently in the United States. They will switch
back and forth according to the economic forces in both countries and rot due to artificial
distortions in the market.

Third, continued support to educational and regional development programs that
promote attachment to home-communities. Following the empirical evidence presented
here, these policies may substantially increase domestic productivity while reducing the
likelihood of Mexican immigration. Moreover, economic involvement with local communi-
ties may be promoted by atrracting immigrant workers’ remittances tc investments in re-
gional agro-industrial projects.




APPENDIX A

COMPOSITION CF
THE IMMIGRATION CYCLE

A.1 The Non-Stationary Mexican Regime (V2)

This process assumes that consumers allocate time to only non-market activities in their
home-community (Hm=0). Using model (3.1} and setting the depreciation rate & 10 unity,
the Hamiltonian function of a non-stationary process is

3(1,C.LLm.A,S, Am.tm,Y) = logC+log(SLm)+Am(TA+SI-C)+im(G5~i-Lm)+Y(1-I-Lm).

Under an interior solution the assumptions of and non-satiztion, the necessary and suffi-
cient conditions required for 2 lecal optimum are

(i) State Equations: ~ (A.2) A-1A=8SI-C
(A.3) S—0S=-1 sincey»C;
(ii) Costate Equations: (A.4) Am +Am=0
. 1
(A.5) Wm +Opm=—(Aql+ _’S‘);
(iii) Optimality Conditions:
1
A.6 C=—
(A.6) e
(A7) Ly =—1
Bmt+Y
(A.8) AmS = pm+7y since I»0.
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Notice that V3 is the last value functions in the overall optimization problem and
under the assumption no bequest [A(T)=0], V5 does not show a salvage term. Following
Kamien and Schwartz [1983] a straightforward solution can be found for the costate equa-
tion {A.4), given the initial condition Ay (t2)>0,

A9) A (©) = Am(t)e 1.

where a balanced budget set is implied by the assumptions of non-satiation and finite re-

(o3
sources.

In addition, the difference equation (A.3) may be integrated under the initial condi-
tion S(12)>0,

(A.10) () = S(t2)eS0-1) - L [ecti-t) _ 1],
[¢)

For stability purposes, the non-stationary case requires $*>0; then condition (A.10) satis-
fies 6S(t2)<0. '

The “Am(t2)-demand” functions are obtained by plugging the equilibrinum values
(A.8) and (A.9) into the optimality conditions (A.6) and (A.7),

(A.11) CH#) = () |
m(t2)
. 1
A12 L@ — ettty
12 e

S(t)* is given by (A.10). Substitution of equations (A.11) and (A.12) into the budget con-
straint (A.2) yields

2

) |
22

(A.13) A-1AQ®) = S(tz)ec(t—lz)—lg[ec(l—tz)- 11-
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Proposition A.1: The utlity function (2.1") and a balanced budget set imgply
that the margina! utility of income is a decreasing function: of
the state variables evaluated at age £,

oAm(t2) dAm(t2)
EXOR <0 and ESCON <0.

Proof- Under boundary conditions A{t2)>C and A(T)=0, the soluticn for the fisst
order difference equation (A.13) is

A1) Al)=sleTH-1]- [‘—’-S—(‘i)i][e«f-ﬂmz) 1)+ —2— ().
1o o(c-1) Am(t2)
Differentiating (A.14) with respect to the endowment A(t2) yields
1_ 2 axm(IZ)
R oA
Accordingly, oAm(t2)/0A(12)<0 in order to maintain the equality. Likewise, differ-
entiating (A.14) with respect to the marginal productivity of household work S(12)
implies
] 2 OAm(t2)
e W AN

where 0Am(12)/0S(t2) must be negative, since the first term in this expression is also
less than zerc.

[Q.ED.]

The marginal utility of wealth in period t2 may be obtained by solving eguation
(A.14) for A (t2). Notice that Am(t2) is a function of elements outside the current period t.
In order to obtain an explicit equilibrivm solution for V2, the "Am(t2)-demand"” equations
may be plugged into the non-stationary objective function:
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Taking natural logarithms, this expression may be rewritten as

*

T
‘v’2 = j 2[r(t- tz) - loglm(tz)] dt.
b

Notice that Am(t2) does not depend of the current period t. Straightforward integration
yields

(A.15) V, = (T~ )[r(T - t2) - 2ioghm(t)] with A(t2) given by (A.14).

Expression (A.15) constitutes an explicit solution for the original maximization problem
since current events in period t have been integrated into the limit points 22 and T.
A.2 The U.S. Regime (Vq)

The consumer migrates to the U.S. labor market at time t; and switches back to his home-
community at time t2. The Hamiltonian function in this case may be written as

H(1,C.Ly,AS Aulty,Y) = logCHogly+Ay(tA+WH—C)+Hin6S+Y(1-HyLy).

Here the boundary conditions are set free and greate- than 2ero. The necessary and suffi-
cient conditions are:

(i) State Equations:  (A.16) A-tA=WH,;-C
(A.17) $-6S=0;
{ii) Costate Equations: (A.18) Ap+Thy=0

(A.19) Ly + Oy =0;
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(iii) Optimality Conditions:
(A20) C=
My
A21) Ly=2
Y
(A.22) luWu =% since Hu » 0.

In this case, the motion equation associated with the marginal utility of wealth
(A.16) has a non-zero terminal vaiue, i.e. Ay(t2)>0, since assets at the end of the period are
positive [A(t2)>0]. This case contrasts with the previous model, where the boundary con-
dition required A(T)=0. Accordingly, the sclution for costate equation (A.18) is given by

(A.23) A (D) = Ay(2)er ).

In addition, the state associated with non—market productivity, equation (A.19), is inde-
pendent of the maximizatioa process in the host-regime. Then (A.19) yields a solution

(A.24) S(12) = 5(t1)eSY).

Notice that (A.24) is not a function of current time ¢ in the receiving labor market. More-
over, the household productivity of the immigration period, S(t1), is given by the dis-
counted value of S(t2) which is determined by an exponential factor ¢ and the duration of
the undocumented status, t1—t2.

The “Ay(t2)-demand” furnctions are obtained by plugging the equilibriurn equations
(A.22) and (A.23) into the optimality conditions (A.20) and (A.21),

1
(A.25) C'@®) = e T,
Ay(t2)
* 1
A26 L = — (1) |
( ) u(t) Wuku(tZ)e 2

Using functions (A.25) and (A.26), the state condition associated with the budget con-
straint (A.16) can be integrated under the boundary conditions A(t1), A(2)>0,

A2 AW = Al ettt - 11 - T ey,

ull2




where A(tp) is given by equation (3.14). Following the same procedure outlined in Propo-
sition A 1, dAu(t2)/0A(11)<0 as well as 9Ay(t2)/0W<0. Then the equilibrium value func-

-~

tion, ¥ l’ may be calculated by the substimtion of equations (A.25) and (A.Z6) 1nio the ¢b-

jectve functionin Vi,

- - ,g -
Taking logarithms, V,; may be rewritten as

)
V’; - j _[Zr(tz-—t) +log W _+log lu(tz)] dt

4

Lastly, integration leaves an explicit solution in terms of end point conditions

(A28) V; = - (- 1)z~ 1) + logWy + 2loghu(t2)]
with Ay(t2) given by (A.Z7).
Unlike the home-country model, the benefit function (A.28) is affected by current
(W) and life-cycle [Ay(t2)] events. In generz! itis expected that lifetime elements dominate

current events. In this context, notice that an increase in the U.S. wage rate will encourage
undocumented migration if

v, .2 alu(tz)
E i M)

this implies that lifetime effects dominate current events.
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A.3 The Steady-State Mexican Regime {Vg)

A stationary process is defined by home-residents allocating their time to market and non-
market activities in every period [Hp(1), I()>0]. The Hamilionian function is

3 (t,C.LL1m.A, S Am,Um,Y) = logC + log(SLm) + Am(tA+WHp+SI-C) +
Hm(0S—I-Lm) + Y(1-I-Hm-Lm).

The first order conditions are given by:

(i) State Equations:  (A.29) A-1A=WHn-SI-C
(A.30) S—o0S=—(+Lnp)
(ii) Costate Equations: (A.31) Am +TAm=0
. 1
(A.32) Hm +Oim=—(Aml +35)
(iii) Optimality Conditions
1
A33 C=—
( ) ™
(A.38) Lm=—
Km+Y
(A.35) AmS = tm+ 7Y since I»0
(A.36) lme= Y since Hy » 0.

Under the end point condition A(t1)>0, costate equation (A.31) yields

(A37) A, (0 = Am(t)ert D .

From section 2.2.1, it follows that expression (A.30) has an equilibrium sclution given by

(A.38) s@° = S where R=22-L 1, for o>r.
c ~-T

Note that (A.38) implies that S(t)*=S(0)=S(t1). Then "Am(t1)-demand” equations are

1
{A.39 M= ert-1)
\ ) \es }\-m (tl) 1



152

A4 L= oty
- WinAm(t1)
(A.41) 0] =Gg]m __R t,-1).
WmAm(t)

Using functions (A.39) to (A.41), the budget constraint (A.29) may be rewritten as

. 2w 2
AtA@=Wnl1 -2 '“]— 1t
A =Wm ! - R Gonl mGn .

Under the boundary conditions A(0)=Ag and A(t;) free, the above expression yields

2
_ﬂvﬂ.:][e-rtl -1+
RQ2oc-1)

PAY)|
Am(t1)

e Tty .

(A.42) A(0) = At)eT * V—Vrl“-[1 -

Notice that Proposition A.1 applies to equation (A.42); therefore, OAm(t1)/0Ag and
OAm(t1)/0Wn, are less than zero. In this case, however, the latter condition requires R(2o—
D>62Wp,.

Finally, the equilibriurn benefit function VB may be obtained using the “Am(t1)-de-

mand” equations (A.39) to (& 41), where some algebraic manipulation yields

1
r
V:) = f_z Lr(tl -t + log?.m(tl)] dt.
0

Straightforward integration gives

(A.43) V; =—tj[rt; + 2logAm(t))]  where Am(t1) is obtained from (A.42).

Notice that direct current events are not observed in this state of the world. Consumers'
initial wealth and domestic wage rates affect the home-country benefit function solely
through indirect life-cycle changes.



APPENDIX B

GQOPT4/i ProGrAMMING CODE FOR THE
OPTIMIZATION OF THE LIXELIHOOD FUNCTION

The database is available from the author upon request.

1. The main program:

IMPLICIT REAL"8 (A-H,0-Z)
INTEGER"2 NDATA

EXTERNAL FUNC1,DFP,GRADX
DIMENSION X(48)
CHARACTER™8 ALABEL(48)

Next are data arrays

000

DIMENSION NDATA(4562,24)
COMMON/USER1/NDATA

For next 6 cards see GQOPT handbook

OO0

COMMON/ROPT/IVER, LT,IFP,ISP,NLOOP,IST,ILOOP
COMMNON/BPRINT/AFT,NFILE,NDIG,NPUNCH,JPT,MFILE
COMMON/BSTACK/AINT(120CC)
COMMON/BSTAK/NG,NTOP
COMMON/BSTOP/NVAR1,ISTOP(3)
COMMONMN/BTRAT/ITRFLG

Open input/output files

olole

OPEN(8,FILE="'MEXICO.DAT)
OPEN(9,FILE="THESIS.OUT',STATUS='0OLD’)

o0

Set paramenters for optimization procedure

i53
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CALL DFLT

ACC=1.D-10

ITERL=200

ITRFLG=1

ISP=1

MAX=1

NFILE=9

NP=48

ND=12000

CALL LABEL(ALABEL,NP)

Read in the data

o000

DO 200 I=1,4662
200 READ(S,*) (NDATA(I,S},J=1,24)
DC 220 1=1,4662
C220 WRITE(7,1000) (NDATA(L, ), J=1,24)
C1000 FORMAT (l4, 2C!3, 3I5)

O

Initial values from IT3SLS estimation

O000

Economic Parameters: X(1)-X(8)
X(1)= 7.61201463
X(2)= 9.71857777
X{(3)= -0.000179396
X{4)= 0.00000330348
X{5)= —0.10240450
X(6)= 0.
X(7)= 0.
X(8)= 0.
C Variance-covariance parameters: X(9)-X(13)
X(8)= 0.67386
X(i0)= 0.1047
X(11)=—0.3454
X(12)=0.1
A(13)=—0.2
C Demographic parameters of the Earning EQ.: X(14)-X(27)
X(14)=-0.37910637
X(15)=—0.12688934
X(16)= 0.002513175
X{(17)= 0.01330780
X(18)= 0.03319968
X(19)= 0.02458301
X(20)= 0.21526888
X{21)= 0.12139216
X(22)=0.40601473
X(23)=-0.23384645
X(24)=-0.11507345



OO0

X(25)=—0.21845642

X(26)=—0.05241112

X(27)= 0.1682225S%

Demographic parameters of the Labor Supply: X(28)-X(43)
X(28)=—0.01007414

X(29)=—0.01224382

X{30)= 0.001210684

X(31)= 0.001575521

X(32)= 0.005159367

X{33)= 0.008609170

X{34)=-0.003516572

A(35)=—0.006982463

X(36)=—0.02685115

X(37)= 0.001474021

X{38)=—0.02316441

X(39)=—0.01713336

X(40)=—0.01797218

X(41)=—0.02409924

X(42)=—0.001562307

X(43)=—0.0087644196

Demographic parameters of the Participation Rule: X(45)-X(48)
X(45)=0.

X(46)=0.

X(47)=0.

X(48)=0.

ISTOP(1)=0

ISTOP(2)=0

ISTOP(3)=0

CALL OPT(X,NP,F,DFP,ITERL,MAX,IER,ACC,FUNC1,ALABEL)
CALL OPT(X,NP,F,GRADX,ITERL,MAX,IER,ACC,FUNC1,ALABEL)

Finish up
CLGCSE(9)

STOP
END

2. The likelihood function:

000

SUBROUTINE FUNC1(X,NP,FUG,*)
IMPLICIT REAL"8 (A-H,0-Z)
INTEGER"2 NDATA(4662,24)
DIMENSION X(NP)

Next card shows how to communicate data to the function subroutine
COMMON/USER1/NDATA

Pi=3.1415926535897988
NOB=4662
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Variance-covariance definitions
W11=X(9)*X(9)+X(11)*X(11)+X(12)*X(12)
W22=X{10)*X(16)+X(13)*X{13}

W33=1.0D0
W12=X(10)*X(11)+X(12)*X(13)

W13=X(12)

W23=X(13)

DETW=W11*"W22-W12*W12
FUO=—NOB*(CLOG(2*PI)+DLOG(DETW)/2)
DO 20 I=1,NOB

Demographic definitions

The Earning Eguation

DEM1= X(14)*NDATA(i,2)
X(15)*NDATA(l,
X(16)*NDATA(I,
X(17)*"NDATA(l,
X(18)*NDATA(,
X(19)*NDATA(1,5)
X(20)*NDATA(1,9)
DEM1A=X(21)*"NDATA(l,10)+
X(22)*NDATA(L,11)+
X(23)*"NDATA(},13)+
X(24)*NDATA(1,17)+
X(25)*NDATA(l,18)+
X(26)*NDATA(1,20)+
X(27)*NDATA(l,21)
The Labor Supply

DEM2= X(28)*NDATA(l,2) +
X(2S)*"NDATA(1,4) +
X(30)*NDATA(1,6) +
X({31)*NDATA(1,8) +
X(32)*"NDATA(L,5) +
X(33)"NDATA(1,9)
DEM2A=X(34)*"NDATA(I,10)+
X(35)*"NDATA(l,11)+
X(36)*NDATA(L,13)+
X({37)"NDATA({1,14)+
X(38)*"NDATA(l,15)+
X(39)*"NDATA(i,16)+
X(40)*NDATA(L,17)+
X(41)*"NDATA(l,18)+
X(42)*NDATA(},19)+
X(43)*NDATA(!,20)
The Participation Rule

DEM3= (X(14)-X(44))*"NDATA(1,2) +
1 (X(15)-X(45))*"NDATA(L,4) +
2 (X(16)=X(46);*"NDATA(L,6) +

DO HWN

N wn = OO GWN -

O©OONOGTHAEWN =
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(X(17)=X(47))*NDATA(,8) +
X(18)*NDATA(L,7) +
X{19)*NDATA(L,5) +
X(20)*NDATA(1,9)

DEM3A=X(21)*NDATA(l,10)+

3
4
5
6
1
2
3
4
5
7

C

C

C
1
H

C

C

C

C

C

C
1
2
3

C

C

C

X(22)*NDATA(I,11)+
X(48)*NDATA(l,12)+
X(23)*NDATA(l,13)+
X(24)*NDATA(I,17)+
X{25)*NDATA(l,18)+
X(26)*NDATA(1,20)

Reduced-form components: Vi, V2, V3

EARNING=NDATA(I,22)*1.0

HOURS=(8769-NDATA(],23))*1.0

ASSETS=NDATA.1,24)"1

AGE=NDATA(1,3)*1.0

V1=DLOG(EARNIG)—(X(1)+DEM1+DEM1A)

V2=DLOG(HOURS)—(X(2)+X(3)*AGE+X(4)"ASSETS+
X(5)*(DLOG(EARNING)-V1)+DEM2+DEM2A)

V3= ~(X(B)+X(7)*ASSETS+
X(8)*(DLOG(EARNING)-V1)+DEM3+DEM3A)

Elements of the likelihood function:

PDF (normal likelihood estimation),
CDF1 (due to sample truncation),
CDF2 (due to unobservability of GAP)

PDF = (W22°V1*V1-2*W12*V1*V2+:W11*V2*V2)/DETW

CDF1= PHI(V3/DSQRT(W33))

CDF2= PHI{(V3~(V1/DETW)*(W22*W13-W12*W23)
—(V2/DETW)*(W11*W23-W12*W13))/
DSQRT(W33—(W22*W13*W13~
2*W12*W13*W23+W11*W23*W23)/DETW))

Checking for errors on the cumulative distribution functions since CFS<1

IF (CDF1.GE.1.0D0) THEN
CDFONE=1.0D0-1.0D-15

ELSE

CDFONE=CDF1
C WRITE(S,100) CDF1
C 100 FORMAT(iX,'CDF1 is equal to one',D20.10)
END IF
IF (CDF2.GE.1.0D0) THEN
CDFTWO = 1.0D0 - 1.0D-15

ELSE

CDF1wWO=CDF2
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C WRITE(9,101) CDF2
C 101 FORMAT(1X,'CCF2 is equal to one',D20.10)
ENDIF
C
Cc The likelihcod function
Cc
FUO= FUO-PDF/2-DLOG(1.0D0—CDFONE)+DLOG(1.0D9—-CDFTWOQ)
C
20 CONTINUE

RETURN
END

3. Specification of the cumulative distribution function:

REAL"8 FUNCTION PHI(X)
EXTERNAL ERF
REAL*8 X
P1=3.14159265235297988
PHI = .5D0*(1.0D0+DERF(X/DSQRT{2.0D0}))
IF (PHLLT.1.0D0) RETURN
Cc WRITE(S,100) X
C 100 FORMAT(1X,'PH]I is greater than one',D2C.10)
PHI=1.0D0-1.0D-7
RETURN
END
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