
RESEARCH ARTICLE

Earnings differentials between H-2A and
unauthorized citrus harvesters in Florida

Skyler Mark Simnitt1 and Gulcan Onel2

1Research Economist, USDA Economic Research Service, Kansas City, MO, USA and 2Food and Resource
Economics Department, Institute of Food and Agricultural Sciences, University of Florida, Gainesville,
FL, USA
Corresponding author: Skyler Mark Simnitt; Email: skyler.simnitt@usda.gov

(Received 29 September 2021; revised 5March 2023; accepted 11March 2023; first published online 08May 2023)

Abstract
The H-2A temporary agricultural workers visa program is a federal program allowing
agricultural employers to bring in foreign workers on a seasonal basis. The extent to which
H-2A workers earn more compared to their domestic unauthorized counterparts is of
interest for both producers and workers. Using novel data on citrus harvest workers in
the state of Florida, we estimate hourly earnings differentials by legal status using
Classical and Bayesian inference. Findings suggest that participation in the H-2A program
is associated with 18–23% higher hourly earnings for migrant harvesters in Florida after
controlling for observable demographic and work-related variables.

Keywords: citrus; earnings differentials; farm workers; Florida; guest workers; H-2A workers; unauthorized
workers

JEL codes: Q12; J23; J43; Q18; J61

Introduction

Most farm workers in the United States are foreign-born, and a significant portion of
these workers lack legal work authorization (NAWS 2022). Yet, a growing share of crop
agriculture in the United States is performed by foreign guest workers employed on
temporary work visas under the federal H-2A program (Calvin et al. 2022; Castillo
et al. 2022). The question of how much H-2A workers earn per hour relative to their
unauthorized peers has important implications for agribusiness profitability, immigra-
tion policy, rural development, and the overall wellbeing of farm workers. However,
due to the scarcity of individual-level data on H-2A workers, this question is rarely
addressed empirically in the agricultural labor literature. The National Agricultural
Workers Survey (NAWS), which has been the main data source for the socioeconomic
characteristics and legal status of farm workers since the 1990s, does not include H-2A
workers in its sample. With H-2A hires growing exponentially in recent years, infor-
mation provided by the NAWS is becoming increasingly limited in answering
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important questions. In this study, we utilize a unique data set, the Florida Citrus
Harvesters Survey (FCHS) (Onel 2016), to estimate hourly earnings differentials
between H-2A and unauthorized harvest workers in Florida’s citrus industry – a major
specialty crop industry in the state – given other observable worker characteristics. To
our knowledge, this study is the first to estimate hourly earnings differentials between
these two legal status groups of foreign-born crop workers in Florida.

The H-2A program gains popularity despite the high costs and administrative complexi-
ties involved in its utilization (Onel and Farnsworth 2016; Roka et al. 2017; Luckstead and
Devadoss 2019). The H-2A program provides legal, nonimmigrant visa classification to
foreign-born workers seeking to perform agricultural work of a temporary nature, typically
lasting no longer than 1 year, for which able, willing, and qualified U.S. workers are not
available (Certification n.d.). In other words, the H-2A program is meant to supplement
the domestic agricultural labor pool, some of which consists of unauthorized foreign-born
workers who lack proper, legal documentation to work in the United States. Recent develop-
ments including rapidly rising agricultural wages, local reports of farm labor shortages, and
rapid growth of the H-2A guest worker program suggest the tightening of U.S. farm labor
markets (Richards 2018; Werner et al. 2019; Castillo et al. 2021; Calvin et al. 2022). The
number of H-2A visas issued to foreign-born workers has increased every year since
2011. The growing popularity of the program can be attributed to its ability to provide
growers with a consistent supply of workers throughout the season as well as with the ability
to choose and retain the most productive workers in their labor pool. In fiscal year 2021,
257,898 visas were issued by the U.S. Department of State (2021) and 317,619 positions were
certified by the U.S. Department of Labor (Office of Foreign Labor Certification 2022). This
difference in the number of positions certified and the number of actual visas issued may be
attributed to the fact that a single H-2A visa holder may hold more than one certified posi-
tion (Zahniser et al. 2018; Martin and Rutledge 2022). In 2021, Florida ranked first among all
states requesting H-2A positions, with over 44,706 H-2A positions certified for work in the
state. The existence of a large specialty crops sector, which is characterized by labor-intensive
tasks, is a major factor for the quick adoption of the H-2A program in Florida.

There are several reasons for expecting H-2A workers to earn more than their domestic
unauthorized counterparts. First, participating agricultural employers are required by federal
law to pay their H-2Aworkers and any domestic workers working alongside H-2Aworkers the
Adverse EffectWage Rate (AEWR). The AEWR is a regional lower-bound wage rate set by the
U.S. Department of Labor (DOL) for agricultural guest workers. The DOL sets the AEWR each
year based on the annual weighted average hourly wage for crop and livestock workers in the
previous year, as measured by the USDA’s Farm Labor Survey. The DOL releases 18 unique
AEWRs each year, one for each of the 15 different regions and the three individual states
(California, Florida, and Hawaii) in the USDA’s Farm Labor Survey. Employers who hire a
fully domestic crew can offer their workers as low as the state minimum wage, but employers
who have mixed crews of H-2A and domestic workers must offer the AEWR to all workers in
such crews. One interesting implication of DOL’s methodology in determining AEWR is that
the Farm Labor Survey includes within its sample, employers who employ AEWR recipients.
Thus, in a given year, the average hourly livestock and crop worker wages as reported in the
FLS are likely influenced by the AEWR of the same year, and these FLS-reported wages are
used to set the AEWR for the following year. The result is a possible ratcheting effect or an
autoregressive process, which may be contributing to the acceleration of the AEWR year over
year (Rural Migration News Blog 2021; Calvin et al. 2022).

Second, anecdotal evidence suggests that H-2A harvest workers are likely younger and
more productive than domestic workers, which may lead employers to replace their ageing
domestic harvesters with H-2A harvesters who can harvest (thus earn) more per hour
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(Calvin et al 2022; Martin 2017; Simnitt et al. 2017; Roka 2018). Employers of H-2A work-
ers have the option of inviting back their guest workers for subsequent seasons; thus, the
program allows them to gradually select for and retain only the most productive of their
workers.

Finally, the H-2A program reduces the amount of labor availability risk faced by the
agricultural employer; H-2A employees are tied to their employer per the visa program
requirements, and this allows employers who use the program to adequately plan for, hire,
and retain a reliable source of workers. The H-2A employers face significant costs, includ-
ing fees for recruitment, application and visas, costs of guest worker housing, and travel
costs. However continued program growth across the country suggests that many employ-
ers find these higher costs worthwhile. In a sense, many H-2A employers might willingly
pay an additional wage premium for their H-2A workers because of the managerial and
labor risk management advantages that come with the H-2A program rules, including a
steady supply of qualified workers for the entire duration of the work season.

Our study has several implications for employers and workers in citrus and other spe-
cialty crop industries. Labor is often the highest single input cost of specialty crop pro-
ducers, thus estimating how much H-2A workers earn relative to domestic
unauthorized workers is an important cost consideration for agricultural businesses
(Castillo et al. 2021). In addition, most harvest workers in Florida are paid a piece rate
or a combination of piece and hourly rate, regardless of their visa status. Thus, higher
wages among H-2A workers may indicate that H-2A workers are more productive on aver-
age than their domestic unauthorized counterparts, providing a basis for follow-up
research questions on productivity differences between crop workers of different legal sta-
tuses. Another implication of our study relates to the H-2A visa program rules. Critics of
the H-2A program have long argued that the program is rife with misuse with some
employers withholding workers’ pay (Centro de los Derechos del Migrante 2020;
Martin 2020; U.S. Department of Justice 2022). Quantifying relative hourly earnings of
H-2A workers would provide some indication as to how successful employers are at
remaining in compliance with the wage rules of the H-2A program. Finally, the relative
earnings of H-2A workers have implications for rural development in these workers’
countries of origin; most H-2A workers send remittances during their job contract, trans-
ferring a significant portion of their earnings back to their home countries (e.g., Gibson
and Mckenzie 2014). As a result, higher earnings through the H-2A program would
provide an incentive for more foreign-born individuals to accept H-2A jobs rather than
entering the United States under a different visa or without a valid visa.

Relevant work

Motivated by concerns that migrants may depress the wages of U.S. citizen workers, sev-
eral studies in the labor economics literature have focused on earnings differentials
between domestic and immigrant workers in nonagricultural sectors. These studies have
typically been formulated as estimates of elasticities of substitution between domestic and
immigrant workers. Some have concluded domestic and immigrant workers are comple-
ments or very weak substitutes in the labor market (e.g., Borjas 1982; Grossman 1982), and
others have found immigrant workers could have short-term depressing effects on domes-
tic workers’ earnings in concentrated sectors (e.g., Muller and Espenshade 1985). Applying
a nested Constant Elasticity of Substitution (CES) approach to the NAWS data between
1989 and 2012, Wei et al. (2019) investigate substitutability among farm worker groups
based on age, skill, and legal status. They find that neither authorized nor unauthorized
immigrant farm workers have a significant impact on the employment of native farm
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workers. As mentioned earlier, the NAWS data used by Wei et al. (2019) exclude
H-2A guest workers.

The Immigration Reform and Control Act (IRCA) of 1986 was a major piece of legisla-
tion that granted legal status to many of the nation’s unauthorized workers and made it
illegal for employers to knowingly hire unauthorized workers. In the decades following
the implementation of IRCA, various researchers have examined outcome differentials
for authorized and unauthorized workers. Taylor (1992) hypothesized that farm workers
with legal status are more likely to be selected into higher paying, more skilled jobs than
their unauthorized counterparts. Using a two-stage Heckit-type regression model, he esti-
mates that unauthorized farm workers were significantly less likely to be employed in higher
skilled jobs. Furthermore, he finds that, other things being equal, an unauthorized immigrant
status was associated with a 29% decline in primary job earnings between legally authorized
farm workers and their unauthorized counterparts. Similarly interested in the effect of legal-
ization on worker earnings, Kossoudji and Cobb-Clark (2002) apply a quasi-experimental
method (nonequivalent group technique) to a panel of men who entered the United States as
unauthorized immigrants but were later granted amnesty under IRCA. These researchers
find a wage penalty of 14–24% for being unauthorized and estimate that legalization under
IRCA corresponds to an 11% wage increase for individuals who gained legal status. Kandilov
and Kandilov (2010) apply a propensity score matching technique to NAWS data to estimate
the effect of legalization on wages and benefits for U.S. farm workers. They estimate the ATT
(Average Treatment effect on the Treated) of legalization on wages to be 5%. Furthermore,
Kandilov and Kandilov (2010) find that legalization increases total compensation via a
higher likelihood of the legalized worker receiving employee-sponsored health insurance
and a monetary bonus. Findings from these studies suggest that legal status is a strong pre-
dictor of wages and earnings and that authorized workers are likely to earn more than their
unauthorized counterparts.

We are only aware of a couple of studies looking specifically at wage differences between
H-2A workers and their domestic counterparts. Using household survey data from the
Mexican Migration Project, Apgar (2015) uses least squares (LS) regressions to estimate
wage differentials between agricultural workers based on their migration status. She finds
that both undocumented workers and H-2A workers earn significantly less than legal-
permanent residents, but this difference disappears after factoring in housing benefits for
H-2A workers. While Apgar (2015) provides a starting point for discussions of earning dif-
ferentials between H-2A and other classes of agricultural workers, there are some shortcom-
ings of this study. First, the results are averages for the entire Unites States and not by
individual states. The H-2A program is not uniformly adopted across the entire country,
and aggregating data for estimation prevents a clearer picture for large specialty crop states
that employ the greatest number of H-2A workers, including Florida. There is also consid-
erable variation in the regional AEWRs set by the DOL each year, with a difference of 23%
between the lowest and highest AEWRwage rates in 2023. Second, Apgar (2015) is unable to
control for potentially large differences in wage rates in different agricultural subsectors.

Using the 2012 Florida Agricultural Worker Survey (FAWS), Emerson and Iwai (2014)
estimate hourly earnings differentials between authorized workers (including a small
group of H-2A workers along with other authorized groups) and unauthorized workers
in the state of Florida. The FAWS questionnaire was identical to the NAWS questionnaire,
except that, unlike NAWS, FAWS included H-2A workers in sampling. Emerson and Iwai
(2014) account for potential self-selection and endogeneity biases in their estimation, but
they do not find support for significant differences in earnings between the unauthorized
and authorized groups of workers in Florida. They attribute this finding to a relatively
small sample size of 453 workers, with H-2A crop workers consisting of only 9.2% of
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the total number of sampled workers in 2012. In contrast, Emerson and Iwai (2014) con-
firm significantly larger earnings for authorized seasonal crop workers using the national
NAWS data between 1990 and 2011.

We complement the above-mentioned studies by estimating relative hourly earnings of
H-2A guest workers compared to unauthorized immigrant workers harvesting citrus in
Florida in the 2016–2017 harvest year, given major determinants of earnings and observ-
able worker characteristics. The hypothesis is that H-2A workers earn more than their
unauthorized counterparts after controlling for age, experience, education, and other rele-
vant factors. However, our estimated coefficient associated with the H-2A status of a
worker should not be interpreted as the treatment effect of program participation in
worker hourly earnings, because data limitations do not allow controlling for unobservable
factors that might be contributing to earning differentials between these two classes of
workers. Nonetheless, the study contributes to a better understanding of this fairly
unknown and quickly rising legal group of farm workers.

Sample data

For the empirical analysis, we use data from the FCHS, a survey of citrus harvest workers
conducted throughout the state of Florida during the 2016–2017 harvest season. The
FCHS survey was funded by the University of Florida, Institute of Food and Agricultural
Sciences (UF/IFAS), and conducted by researchers and community partners from UF/IFAS
and the Farmworkers Association of Florida (FWAF) (Onel 2016). Harvest workers were
interviewed face to face in seven different citrus-producing counties in South Florida, account-
ing for 68% of total citrus production in the state. Accessing H-2A workers and domestic
workers is challenging for different reasons. Domestic (and mostly unauthorized) workers
may hesitate to respond to direct research inquiries from outsiders for fears of deportation.
H-2A workers, on the other hand, stay at employer-provided housing that is typically inac-
cessible without prior authorization from the employer. To overcome these challenges, unau-
thorized respondents were recruited and interviewed by the trusted staff members of a farm
worker advocacy and community leader, the FAWF, while the H-2A workers were selected
randomly at their housing camps with the assistance of University of Florida extension special-
ists. Both groups of workers were interviewed outside of their working hours at their places of
lodging for reduced pressure as well as better response rates and quality of data. While the
FCHS sampling scheme could not be randomized at higher selection levels due to the chal-
lenges mentioned above, the selection of individual workers was randomized once interviewers
visited workers at their dwellings (unannounced). A total of 307 in-person worker interviews
were completed in either English or Spanish by trained bilingual interviewers. The relative
sample size of H-2A workers in the FCHS sample matched the anecdotal estimates
(∼80%) provided by industry representatives such as the Florida Fruit and Vegetable
Association (FFVA) in 2016. While narrower in content, the FCHS questionnaire is designed
similarly to the NAWS questionnaire and includes various demographic and work questions.
The paycheck information reported by each participant is particularly relevant to this study.

Workers interviewed through the FCHS were asked to recall their last paycheck and
report the number of hours worked for the duration of that pay period as well as the
pay received for those hours. Worker’s hourly earnings is the primary variable of interest
in the present study. In practice, most harvesters in Florida are not paid by the hour but
rather receive a piece rate or a combination of a piece rate and an hourly base rate. For
those who did not get paid by the hour, we computed hourly earnings by dividing the gross
value of their most recent paycheck by the number of hours they reported working for that
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pay period.1 Workers were also asked to indicate their legal status among the categories of
citizen, legal permanent resident, undocumented or pending status, H-2A guest worker, or
other nonimmigrant visa status. Work history information, including experience in agri-
cultural work and the type of employer (grower versus farm labor contractor [FLC]), were
also collected with the FCHS.

The original survey sample included a total of 307 participants, 3% of which were U.S.
citizens or legal residents, 15% of which were unauthorized immigrants, and 82% of which
were H-2A workers. According to the most recent NAWS report (2022), approximately
44% of the farm workers, excluding H-2A workers, interviewed nationwide over the years
spanning 2019–2020, indicated they lacked legal work authorization (U.S. Department of
Labor, 2022: i). There have been some arguments that the true percentage of agricultural
workers without work authorization may be higher in the NAWS figures as workers may
inaccurately report their true legal status to DOL officials due to fear of deportation
(Bachmeier et al. 2014). Participants of the FCHS were relatively open about their legal
status to the trusted community-based interviewers from the FWAF. In addition, workers
in the FCHS were interviewed away from their workplaces to reduce pressure in respond-
ing to sensitive questions.

Of the total 307 observations, 250 observations were left for the analysis upon elimi-
nating missing responses for the variables of interest and dropping the few permanent
residents and citizens. Most of the workers in the estimation data set were H-2A workers
(∼84%), with unauthorized domestic workers constituting the remaining ∼16% of the esti-
mation sample. The decision to drop legal permanent residents and citizens from the anal-
ysis was mainly because after eliminating observations with missing responses from the
data set, too few of observations from the legal permanent resident and citizen group
remained, which were inadequate to estimate the earnings differentials for this subgroup.
As a result, our analysis provides a comparison between H-2A workers and their unau-
thorized domestic counterparts. While qualitative differences invariably exist between H-
2A and unauthorized citrus harvester workers, there is likely some movement of individ-
uals between these two groups of workers. Preliminary analysis of survey data from the
Mexican Migration Project (MMP) further suggests this may be the case. Of the 258
MMP survey participants who reported entering the United States on H-2A visas between
1987 and 2016, 16% disclosed they had previously entered the United States at least once as
an unauthorized immigrant (see Table A1 in Appendix). Likewise, it is also plausible for an
individual who was once employed as an H-2A worker to lose their H-2A status and work
as an unauthorized worker in subsequent seasons. Such a switch from legal H-2A status to
unauthorized status could potentially occur via abscondence (e.g., a temporary guest
worker fails to return to their home country, taking up unauthorized immigrant status),
or a subsequent migration as an unauthorized immigrant. The MMP data confirm this is a
less frequent occurrence, with 7% of the former H-2A visa holders interviewed indicating
they had subsequently entered the United States as an unauthorized immigrant at least
once after the period they had been employed on an H-2A visa (Table A1 in Appendix).

Econometric methods

This study estimates workers’ hourly wages (in natural logarithmic form) using Classical
and Bayesian regression techniques. A Mincer-type earnings equation is estimated first
using the standard LS method (Table 2). Then, the same relationship was estimated using

1Note that some self-reported paycheck information may be subject to recalling errors to the extent that
workers rely on their memory instead of referring to the actual pay stub during the interview.
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Bayesian inference (Table 3). Of particular interest to this study is the relationship between
H-2A status and log of hourly earnings. We do caution against interpreting the coefficient
estimate on the H-2A status as a causal effect of H-2A status on hourly earnings due to not
being able to control for unobservable factors that might affect both H-2A status and earn-
ings of workers. The inability to adequately control for such unobservable factors may lead
to an endogeneity problem in LS estimation, which may in turn result in a larger estimated
coefficient for the H-2A status in an hourly earnings equation than what would be the true
treatment effect (Nackosteen and Zimmer 1980). The expectation toward a positive
upward bias with classical LS estimation rises because more productive or ambitious
migrant workers may be among those most likely to seek out or be selected for employ-
ment in the H-2A program. Our data set does not allow for adequately controlling for such
unobservable factors using proper instruments. As such, our estimates on the H-2A status
should be taken as the estimated difference in hourly earnings of H-2A workers after con-
trolling for the observable factors that might affect worker earnings, such as worker and job
characteristics.

The Mincer-type earnings equation to be estimated in this analysis is of the form:

Y � XB� ε (1)

where Y is a vector including the log of hourly earnings for each worker, X is a matrix of
observable explanatory variables including an intercept term, B is the vector of coefficients,
and ε is the error term. The explanatory variables included in matrix X are consistent with
those proposed by Mincer (1974) and those included in Emerson and Iwai (2014) for esti-
mating Florida farm worker earnings. We model hourly earnings as a function of nine
explanatory variables, including an indicator variable for the H-2A status, years of expe-
rience in agricultural work, years of experience in agricultural work squared, worker’s age
in years, age squared, years of formal school education, an indicator variable called “no
English” which takes the value of one if the worker does not speak any English, an indi-
cator variable called “piece rate” which takes the value of 1 if the worker is paid by the piece
rate, and an indicator variable named “FLC” which takes the value of 1 if the worker is
employed by a FLC as opposed to directly by a grower.

As discussed in the introductory section, Florida citrus industry has moved rapidly
toward H-2A employment during the years the sample data collection took place. The
unbalanced distribution of the two legal status groups, with a significantly larger propor-
tion of H-2A workers compared to unauthorized workers in the sample, have prompted us
to supplement our classical regression analysis with a Bayesian estimation technique for
more robust estimation results. A significant advantage of Bayesian estimation compared
to Classical estimation methods is that it does not assume large sample sizes and that it
maintains power and precision even in relatively small samples where the ratio of param-
eters to observations may be as much as 1:3 (Lee and Song 2004; Van de Schoot and
Miocevic 2020). Bayesian inference consists of combining what is known about a model’s
parameters with a data-driven estimation procedure. In practice, this combination entails
multiplying a prior distribution, p θ� �, by the likelihood function, L θjy� �

, to estimate the
parameters of interest. The prior distribution, p θ� �, is typically inferred from previous
studies, although in practice some researchers have implemented an ad hoc approach
to choose priors. Such an approach typically entails assuming normality of all parameters
or some other combination of expected distributions. Lee and Song (2004) demonstrate
that Bayesian estimation can also be carried out with non-informative priors, although the
full power of Bayesian estimation under these circumstances goes unrealized.

Bayesian estimation starts with choosing the likelihood (or log-likelihood) function for
the equation to be estimated. We derive the likelihood function for our Bayesian
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estimation process beginning with a maximum likelihood specification for the linear
regression model:

L β; σ2jyi; xi
� � � Yn

i�1

1

σ
������
2π

p exp � yi � βxi0
� �

2

2σ2

� �
(2)

where n is the number of observations, k is the number of covariates, yi is variable to be
explained, xi is a vector of explanatory variables as defined after Equation 1, β is a vector of
parameters, and σ2 is the variance.

Next, we derive the joint probability distribution for the parameters in question by mul-
tiplying the likelihood function by the prior distribution of the form g�β; σ2jθ�, where the
joint pdf is of the form:

f�β; σ2; yi; xi
� �

n
i�1; θ� �

Yn
i�1

1

σ
������
2π

p exp � yi � βxi0
� �

2

2σ2

� �
g�β; σ2jθ� (3)

By integrating the pdf, one arrives at the cumulative distribution function (cdf), denoted
by h yi; xi

� �
n
i�1; θ

� �
, and the posterior distribution, f��β; σ2; yi; xi

� �
n
i�1; θ), is achieved by

dividing the joint pdf by the cdf:

f��β; σ2; yi; xi
� �

n
i�1; θ�; �

Q
n
i�1

1
σ

����
2π

p exp � yi�βxi 0� �2
2σ2

h i
g�β; σ2jθ�

h yi; xi
� �

n
i�1; θ

� � (4)

The posterior distribution is nearly impossible to integrate analytically (Davis and
Klaus 2010). Therefore, its form is approximated through repeated sampling of the data
using software developed specifically for Bayesian inference. We use R/Stan, which utilizes
the HamiltonianMonte Carlo algorithm for estimating the posterior for Equation (4) (Stan
Development Team 2014). We estimate the hourly earnings model twice using both non-
informative and informative priors. The informative prior incorporates coefficient esti-
mates previously obtained by Apgar (2015).

Findings

Table 1 presents descriptive statistics for the legal status subsamples of H-2A workers and
unauthorized domestic workers as well as the full (or, pooled) sample. The proportion of
citrus harvest workers who are guest workers (H-2A) is high, with 84% of the workers
identifying as H-2A guest workers. While this ratio of guest workers to domestic unau-
thorized workers is larger than the estimate from the FAWS of 2012, it strongly conforms
to external data that the percentage of H-2A visa holders among citrus harvest workers has
exponentially increased in recent years (Emerson and Iwai 2014). A conspicuous jump in
the number of employer-filed petitions for H-2A workers in the Florida citrus industry
occurred between the years 2012 and 2016. The recent increase in the proportion of
H-2A workers among Florida citrus harvesters has been linked to the spread of citrus
greening and consolidation of citrus operations, and the anecdotal evidence collected
by extension agents confirms this rather quick shift toward a majority H-2A workforce
in the Florida citrus industry (Roka 2013, 2018).

On average, H-2A workers in our estimation sample earn more per hour than their
unauthorized counterparts. Calculated hourly wages of the H-2A portion of the sample
were $12.00 compared to unauthorized workers $9.18. This difference of $2.82 is statisti-
cally significant according to the group mean t-tests (Table 1). Difference in average hourly
earnings could be due to agricultural employers maintaining separate crews of H-2A and
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domestic workers and paying their domestic crews less than the AEWR, or it could be
because H-2A harvesters are typically younger and more productive pickers than their
domestic counterparts. While we do control for age later in our analysis, we do not have
information in the sample data on whether a domestic (unauthorized) worker works
alongside H-2A workers and gets AEWR as the minimum wage. The average hourly earn-
ings for the H-2A group were above the AEWR for the state of Florida in 2016 ($10.70).
However, the unauthorized group made less than the AEWR, on average at $9.18 per hour.

The unauthorized workers in the sample have significantly more experience in farm
work (25 years) than their H-2A counterparts (19 years). This difference is unsurprising
given that, on average, the unauthorized portion of the sample is a decade older (41 years)
than the H-2A workers (31 years). Additionally, the H-2A group is more educated with
formal schooling, on average. Mean years of schooling is 8 years for H-2A workers com-
pared to 6.3 years for domestic unauthorized workers. Some of this difference in mean
average schooling may reflect the difference in average ages between the two legal status
groups, with generally younger H-2A cohorts being more likely to have benefited from
improved access to education in their formative years.

Workers in the H-2A group indicated lower levels of spoken English proficiency than
those in the unauthorized group, with 77% of them reporting that they speak no English at
all, compared to 56% of unauthorized workers. Like individuals holding other nonimmi-
grant visas, H-2A workers must have permanent residency in a foreign country (which in
our data set is usually Mexico). Given that H-2A workers maintain residence in non-
English speaking countries and are only in the United States on short-term contacts, it
is understandable that they would have less time to develop English ability than their unau-
thorized counterparts, who are more likely to live for extended periods in the United
States.

Table 1. Descriptive statistics

Variables

H-2A workers
Unauthorized

workers Pooled
Group
mean

difference?Mean
Std.
dev. Mean

Std.
dev. Mean

Std.
dev.

Dependent variable:

Hourly wage (2016 USD) 12.00 4.37 9.18 5.85 11.54 4.75 2.828***

Independent variables:

Years of agricultural work
experience

18.75 9.94 25.07 12.07 19.79 10.55 −6.322***

Age in years 31.28 9.45 41.68 10.63 32.98 10.38 −10.405***

Education in years 8.00 2.82 6.27 2.71 7.71 2.87 1.727***

No Spoken English 0.77 0.42 0.56 0.50 0.73 0.44 0.205***

Paid by piece rate 0.90 0.30 0.93 0.26 0.90 0.30 −0.027

Employed by farm labor
contractor

0.63 0.48 0.95 0.22 0.68 0.47 −0.320***

Num. of observations 209 41 250

Notes: ***, **, and *denote significance of group mean differences at 1%, 5%, and 10% levels, respectively.
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Data were also collected on how workers were compensated: whether they received a
piece rate, an hourly rate, or some combination of the two. Most workers in both groups
indicated they were paid based on a piecemrate or a combination rate scheme. Similar shares
of both groups, unauthorized and H-2A, indicated receiving a piece rate (93 and 90%,
respectively), suggesting that visa status may have no bearing on whether a worker receives
hourly or piece rate compensation. A growing portion of H-2A workers across the U.S. fruit
and tree-nuts sector are employed through FLCs. FLCs are essentially labor brokers or mid-
dlemen who hire and assemble crews of farm workers, manage their payroll and activity on
site, and lease their labor services to growers and other end users. Growth of H-2A usage
among FLCs has been documented by Castillo et al. (2021) who suggest that growers and
ranchers may prefer hiring H-2A workers through FLCs because these contractors have
expertise, allowing them to navigate the legal recruitment and employment processes easier.
Furthermore, employing H-2A indirectly through an FLCmay provide cost savings to small-
scaled farms. H-2A workers employed through FLCs often provide work for multiple end
users (growers) throughout the duration of their contract. Thus, these growers essentially
split program costs such as housing, travel, and application and visa fees with other growers
who are also leasing H-2A labor services from the same FLC.

The classical LS estimation results for the Mincer-type wage equation (Equation 1) are
reported in Table 2. The coefficient on the H-2A status in the log of hourly earnings equa-
tion is 0.23 in the last column of Table 2, implying that being an H-2A worker corresponds
to 23% higher hourly earnings. This value is slightly higher than similar estimates for
authorized farm workers in the literature. Using the FAWS data, Emerson and Iwai
(2014) estimate that unauthorized Florida farm workers would receive 15% more in hourly
earnings if they were compensated the same as their authorized peers (including H-2A).
Using the NAWS data, Kandilov and Kandilov (2010) estimate net earnings gain of 5–9%
from holding authorized status (excluding H-2A) among agricultural crop workers.

Table 3 compares the classical estimation results with the Bayesian estimation results.
Comparison of the posterior means of each coefficient and associated standard deviations
between the Classical LS results in the first column and the Bayesian regression results with
a noninformative prior in the middle column suggest that the Bayesian estimates are fairly
similar to those from the LS estimation when non-informative priors are used. In contrast,
the Bayesian regression results in the last columns were estimated using an informative
prior. Prior distributions for coefficients on the H-2A status, education, no English ability,
and age were selected based on Apgar’s findings (2015). The means of posterior distribu-
tions of the coefficients from the Bayesian estimation using informed priors suggest that
H-2A workers earn 18% more per hour than their unauthorized counterparts. This esti-
mate is slightly lower than the estimated coefficient from the Classical LS model and the
Bayesian regression with a non-informative prior, and it is slightly higher than the esti-
mated difference in earnings attributed to legal status reported by Emerson and Iwai
(2014) for Florida farm workers. One significant benefit of the Bayesian inference over
the Classical inference is that the Bayesian methods provide more information about
the coefficients of interest as opposed to the Classical methods, which only provide a point
estimate for each marginal effect. Table 3 includes the equal-tailed 95% credible interval
for each Bayesian coefficient. There is a 95% chance that the effect of H-2A status on
hourly wage rates of Florida citrus workers is between 8% and 28% according to the model
with the informative prior. Posteriors means of the coefficients on education, paid by a
piece rate, and employed by an FLC also fall within their respective 95% credible intervals.
In the Bayesian regression results, lack of English language ability is not a significant deter-
minant of hourly earnings in the context of migrant citrus harvesters, which is consistent
with the results from the Classical LS estimations reported in Table 2.
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Conclusion

We estimate hourly earnings differentials between H-2A and domestic unauthorized citrus
harvesters in Florida using regressions with both Classical inference and Bayesian infer-
ence methods. We find that the H-2A status is significant and positively correlated with
reported hourly earnings, and its coefficient has a value ranging from 0.18 to 0.23. Having
the H-2A status as opposed to the unauthorized status corresponds to an increase in aver-
age hourly earnings ranging from 18 to 23% for migrant citrus harvesters in Florida. Thus,
participation in the H-2A program provides better earnings for migrant harvest workers in
Florida, given observable demographic and work characteristics.

A major reason for this difference in hourly earnings may be that employers are obli-
gated to pay their H-2A workers at least the AEWR, a wage rate that exceeds the state
minimum wage. Another reason for this positive association may be that younger and
more productive workers, who have higher hourly earning potentials due to Florida’s piece
rate payment scheme, may be more likely to participate in the H-2A visa program as H-2A

Table 2. Determinants of log hourly earnings of Florida citrus harvesters: classical regressions

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

Intercept 2.6542*** 2.3112*** 2.3339*** 2.7527***

(0.25) (0.23) (0.24) (0.22)

H-2A status 0.4112*** 0.4131*** 0.2340***

(0.06) (0.06) (0.06)

Experience 0.0154* 0.0363*** 0.0356*** 0.0176**

(0.01) (0.01) (0.01) (0.01)

Experience2 −0.0004* −0.0008*** −0.0008*** −0.0004*

(0.0) (0.0) (0.0) (0.0)

Age −0.0184 −0.0238* −0.0237* −0.0218*

(0.01) (0.01) (0.01) (0.01)

Age2 0.0003 0.0004** 0.0004** 0.0003*

(0.0) (0.0) (0.0) (0.0)

Education 0.0273*** 0.0242*** 0.0236*** 0.0142**

(0.01) (0.01) (0.01) (0.01)

No English −0.0228 −0.0212

(0.04) (0.04)

Paid by piece rate 0.1280*

(0.07)

Employed by FLC −0.3317***

(0.04)

R-squared 0.06 0.218 0.219 0.422

RMSE 0.3168 0.2896 0.2901 0.2504

Notes: ***, **, and *denote significance at 1%, 5%, and 10% levels, respectively. Standard errors are in parentheses.
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employers have the power to recruit these types of workers from abroad. In some instan-
ces, productive unauthorized workers in the United States may even leave the country to
enter back as H-2A workers. These findings also have significant implications for Florida’s
agricultural employers, as labor remains the highest input cost for specialty crop pro-
ducers. Furthermore, our findings on positive hourly earnings differentials suggest that
H-2A workers may be more productive than domestic unauthorized workers, although
analysis using production data would be necessary to confirm actual productivity

Table 3. Determinants of log hourly earnings of Florida citrus harvesters: Bayesian inference

Classical
linear

regression
Bayesian regression:
non-informative prior

Bayesian regression: informative
prior based on Apgar (2015)

Coefficient
and std.
dev

Posterior
mean and std.

dev
95% credible inter-
val (equal-tailed)

Posterior
mean and
std. dev

95% credible
interval (equal-

tailed)

Intercept 2.7527*** 2.7453*** [2.285, 3.1694] 2.6115*** [2.2354, 2.8973]

(0.2098) (0.226) (0.1868)

H-2A 0.2340*** 0.2323*** [0.1147, 0.3311] 0.1808*** [0.0843, 0.2836]

(0.0564) (0.0584) (0.0477)

Experience 0.0176** 0.0172*** [0.0006, 0.0332] 0.0105*** [−0.0055, 0.0273]

(0.0079) (0.0083) (0.0077)

Experience2 −0.0004* −0.0004 [−0.0008, 0.0001] −0.0002 [−0.0006, 0.0002]

(0.0002) (0.0002) (0.0002)

Age −0.0218* −0.0213 [−0.0424, 0.0032] −0.008 [−0.0259, 0.0112]

(0.0110) (0.0115) (0.0093)

Age2 0.0003* 0.0003** [0, 0.0006] 0.0001** [−0.0001, 0.0004]

(0.0002) (0.0002) (0.0001)

Education 0.0142** 0.0143*** [0.0017, 0.025] 0.0151*** [0.004, 0.027]

(0.0064) (0.0063) (0.0056)

No English −0.0212 −0.0213 [−0.0996, 0.063] −0.0428 [−0.1128, 0.0402]

(0.0376) (0.0403) (0.0374)

Paid by
piece
rate

0.1280* 0.129*** [−0.0045, 0.2676] 0.127*** [−0.0002, 0.2863]

(0.0650) (0.0672) (0.0669)

Employed
by FLC

−0.3317*** −0.3317*** [−0.4081, −0.2572] −0.3456*** [−0.419, −0.2683]

(0.0375) (0.039) (0.0377)

Error
variance:

0.2512 0.2533

Notes: Informative priors for the variables, H-2A, age, education, and no English were set based on the estimated
coefficients of Apgar (2015). ***, **, and *denote significance at 1%, 5%, and 10% levels, respectively. Standard
errors are in parentheses (LS standard errors are bootstrapped with 1000 replications). “FLC” stands for farm labor
contractor.
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differences. Additional findings suggest that experience, age, schooling, employment by an
FLC, and getting paid a piece rate are all significant predictors of hourly earnings.

This research provides new evidence that the H-2A program participation is positively
associated with higher hourly earnings for citrus workers, that citrus growers on average
are paying their H-2A workers at least the AEWR, and that the advantage enjoyed by H-2A
workers extends beyond the housing and transportation benefits they receive under the H-
2A guest workers program. The AEWR is meant to hedge against the depression of the
domestic wage rate due to an influx of foreign workers. Given our finding that the average
hourly wage rate for H-2A workers is above the AEWR, the AEWR does not appear to be
strictly binding for the H-2A harvesters. While the federally set AEWR may be binding for
the least productive individuals, a significant proportion of H-2A citrus harvester in
Florida picked fruit at rates that resulted in higher hourly earnings than the AEWR. In
contrast, the AEWR may be binding for the unauthorized workers, prompting the sepa-
ration of domestic and H-2A worker pools. The extent to which employers separate work
crews based on H-2A status is an interesting question from a production perspective. A
related question is whether the net marginal benefit of an H-2A worker exceeds that of a
non-H-2A worker for a producer. Undoubtedly, a major driver of the H-2A program
growth is uncertainty experienced by agricultural employers regarding the domestic farm
labor supply. The explicit costs of employing an H-2A workers are higher; however, poten-
tial savings from losses due to instability of the domestic labor pool likely maintain H-2A
hires as the better option for many employers. If the total net benefit of employing H-2A
workers indeed exceeds that of employing domestic workers, then another future research
question would be how much of this net benefit might be attributed to productivity differ-
ences and how much is due to managerial advantages of employing a stable and available
crew that is bound to the petitioning employer by federal mandate. Evaluating these ques-
tions would be possible in the future as reliable production data become available for each
legal status group including the H-2A workers.
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Appendix A

Table A1. Percent of Mexican farm workers changing legal status when entering the United States

Direction of the change:
Proportion of the

sample (%) Std. dev.

Former H-2A workers who later entered the United States as
unauthorized immigrants

6.9 0.25

Former unauthorized immigrants who later entered the United
States as H-2A workers

16.2 0.37

N=258

Note: Compiled from data provided by the Mexican Migration Project (MMP) 174; sample was limited to individuals who
had entered the United States on an H-2A visa at least once between 1987 and 2016.
source data accessible at http://mmp.opr.princeton.edu.
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