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Articles

1 Measuring the Number of Unauthorized Immigrants in the United States: A Review of the 
Residual Estimation Method
by Harriet Duleep, Dave Shoffner, Robert V. Gesumaria, and Christopher R. Tamborini

In this first of three related articles on unauthorized immigration, the authors describe what has been, 
to date, the primary method of estimating the unauthorized immigrant population in the United States: 
the residual estimation method. This method entails subtracting an estimated population of authorized 
immigrants from an estimated population of all foreign-born U.S. residents based on national survey 
data; the residual result is presumed to constitute the unauthorized immigrant population. Federal 
agencies and independent research institutes have used the residual method to provide measures of the 
unauthorized immigrant population that are useful in modeling factors affecting Social Security, other 
government programs, and the overall economy. The authors describe the residual estimation process, 
present historical estimates it has produced, and review selected recent alternative estimation methods 
that either refine and extend the residual method or take a markedly different approach.

9 Measuring the Economic and Sociodemographic Characteristics of Unauthorized 
Immigrants in the United States with Survey Data
by Christopher R. Tamborini, Harriet Duleep, Robert V. Gesumaria, and Dave Shoffner

In this second of three related articles on unauthorized immigration, the authors describe statistical 
techniques that researchers have used to estimate not only the size but also selected socioeconomic 
characteristics of the unauthorized immigrant population in the United States. Using data from 
national surveys, researchers impute the number of likely unauthorized immigrants as well as 
indicators of their earnings, education, occupation, and industry of employment. The authors describe 
the imputation methods those researchers have developed, review studies that have employed the 
methods and summarize selected findings, and discuss research on the correlation between U.S. 
residential permanence and human capital investment among likely unauthorized immigrants.

17 A New Way to Estimate the Number of Unauthorized Immigrants in the United States
by Robert V. Gesumaria, Harriet Duleep, Christopher R. Tamborini, and Dave Shoffner

In this third of three related articles on unauthorized immigration, the authors introduce a new 
method of estimating the number of unauthorized immigrants in the United States by exploiting 
discrepancies between Current Population Survey (CPS) data and Social Security administrative 
data on Social Security numbers (SSNs). Potential unauthorized immigrant status is indicated when 
the SSNs reported by CPS respondents and the SSNs recorded in linked administrative data do 
not match. The authors use the nonmatching SSN data to identify likely unauthorized immigrants 
and apply a series of logical adjustments to refine the estimated population counts. Although the 
methodologies of the residual estimation method (described in the first of these three articles) and 
this new process are entirely different, the two approaches yield similar results. The consistency of 
estimates resulting from different methodologies suggests that both are likely accurate.
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Introduction
Hinting at the challenges of measuring their numbers, 
unauthorized immigrants are known by multiple 
labels—such as illegal immigrants, undocumented 
immigrants, extralegal immigrants, and unlawful 
permanent residents. Their elusive status makes 
estimating their current and historical numbers chal-
lenging. This article uses the terms “unauthorized 
immigration” and “unauthorized immigrants,” which 
we define as foreign-born individuals who reside in 
the United States without a valid temporary visa, 
a permanent resident visa (“green card”), or U.S. 
citizenship. The importance of accurately measuring 
this population goes beyond issues directly affected by 
unauthorized immigration. For example, discussions 
about appropriate levels of legal immigration hinge 
on the assumed levels and trends in the unauthorized 
immigrant population.

This article attempts to summarize the compli-
cated literature on measuring the U.S. unauthorized 

immigrant population. Following this introduction, 
it begins with a section that describes the residual 
estimation method—commonly known as simply 
the residual method—to date, the most widely used 
approach to estimating the U.S. unauthorized immi-
grant population. The second section presents esti-
mates of the unauthorized immigrant population in the 
United States from various studies using the residual 
method. The third section highlights the increas-
ing incidence of visa overstays among unauthorized 

Selected Abbreviations 

ACS American Community Survey
CMS Center for Migration Studies of New York
CPS Current Population Survey
DHS Department of Homeland Security
EWI entry without inspection
MPI Migration Policy Institute
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MeaSuring the nuMBer of unauthorized iMMigrantS 
in the united StateS: a review of the reSidual 
eStiMation Method
by Harriet Duleep, Dave Shoffner, Robert V. Gesumaria, and Christopher R. Tamborini*

This first of three related articles on the U.S. unauthorized immigrant population discusses the predominant 
method of measuring that population: the residual estimation method, so named because an estimated population 
of authorized immigrants is subtracted from an estimated population of all foreign-born U.S. residents, with the 
residual result presumed to constitute the unauthorized immigrant population. We describe the method step by step 
and trace historical trends in the estimates it produces. We then differentiate between unauthorized immigrants 
who arrived via entry without inspection and those who overstayed a visa, noting that the shares who overstayed 
a visa have risen in recent years. We then discuss several recent studies: one that used a different methodology to 
estimate the unauthorized immigrant population, and others that proposed adjustments to the residual method. 
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immigrants and the significance of that trend for 
measuring the unauthorized immigrant population. 
The fourth section describes a widely critiqued study 
that estimated about twice the number of unauthorized 
immigrants as the residual-method studies. The fifth 
section reviews a revision to the residual method used 
in post-2010 research from the Center for Migration 
Studies of New York (CMS), a public policy educa-
tional institute. The article then closes with a conclud-
ing summary.

The Residual Method of Estimating the 
Unauthorized Immigrant Population
The residual method is used in computing various 
benchmark estimates, including those of the Depart-
ment of Homeland Security (DHS) and independent 
think tanks such as the Pew Research Center (Pew), the 
Migration Policy Institute (MPI), and CMS.1 Residual-
method estimates also underlie Social Security’s 
actuarial forecasts and demographic assumptions.

As described in Warren and Passel (1987), the 
residual-method process begins with the use of national 
survey data, such as Census Bureau’s annual American 
Community Survey (ACS) or the Annual Social and 
Economic Supplement to its Current Population Survey 
(CPS),2 to estimate the total foreign-born population.3 
The next step is to identify the foreign-born individuals 
who reside in the United States legally, using one or 
more of various possible data sources. For example, 
DHS uses its administrative records to identify all who 
are citizens or have legal permanent resident status. 
Administrative data from the Department of Health 
and Human Services’ Office of Refugee Resettle-
ment provide counts of refugees and asylees, which 
are added to the count of legal permanent residents. 
Researchers then adjust the sum of authorized immi-
grants by applying demographic statistical techniques 
to account for deaths, emigration, and new arrivals in 
the year. Alternatively, Pew, MPI, and CMS impute the 
likely authorized-resident population based on certain 
characteristics of foreign-born individuals available 
in the survey data. The Congressional Budget Office 
uses a similar imputation methodology to identify the 
legal status of foreign-born residents (Heinzel, Heller, 
and Tawil 2021). After subtracting the estimated total 
number of legal residents from the total foreign-born 
population, the residual population is identified as 
likely to be composed of unauthorized immigrants.

The results are adjusted by additional correc-
tions that account for the likely undercount of the 

unauthorized immigrant population in the ACS and 
CPS data. Additional survey data provide indica-
tions of whether immigrant groups participated in 
the decennial census or a prior national survey, and 
how participation rates vary depending on selected 
respondent characteristics. Researchers may also 
consult survey and census results in Mexico, which 
provide additional information on how many Mexican 
immigrants might be missed in U.S. data sources. 
Such adjustments can affect the estimates by as little 
as 5 percent or as much as 15 percent and may vary by 
age, sex, years since arrival, and other factors.

The tabulation below shows three relatively recent 
estimates of the unauthorized immigrant population. 
Their similarity is not surprising: The DHS analysis 
of the unauthorized immigrant population in January 
2018 describes the minor differences between its meth-
odology and those used by Pew, MPI, and CMS, and 
acknowledges the similarity of the resulting estimates 
(Baker 2021).

Source Year
Unauthorized immigrant 

population estimate (millions)

Pew 2017 10.5
CMS 2018 10.7
DHS 2018 11.4

SOURCES: Passel (2019); Warren (2019b); and Baker (2021).

Pew and CMS use federal surveys and the residual 
method to generate two major series of recurring 
estimates of the unauthorized immigrant population 
(Passel 2005, 2019; and Warren 1997, 2003, 2018a, 
2018b, 2019a, 2019b). The CPS Annual Social and 
Economic Supplement and the ACS are the surveys 
most often used with the residual method for this pur-
pose. Both surveys ask respondents where they were 
born and whether they are U.S. citizens. An advantage 
of using the ACS and the CPS over panel studies such 
as the Survey of Income and Program Participation 
(SIPP) is that their much larger sample sizes ostensibly 
provide more accurate data on immigrant populations, 
particularly at the state and local levels.4 Providing 
more recent measurements of the unauthorized immi-
grant population in the United States, DHS estimates 
10.99 million as of January 2022 (Baker and Warren 
2024), Pew estimates 11.0 million for 2022 (Passel and 
Krogstad 2024), and CMS estimates 10.94 million for 
2022 (Warren 2024).

https://www.ssa.gov/policy/docs/ssb/
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Historical Residual-Method Estimates
Pew estimates that the number of unauthorized immi-
grants rose from about 3.5 million in 1990 to about 
8.6 million in 2000 (Krogstad, Passel, and Cohn 2019). 
Average net growth in the unauthorized immigrant 
population was about 10 percent each year during that 
period. In the 2000s, the average net increase was 
steady at about 4 percent per year. The total unauthor-
ized immigrant population peaked at about 12 million 
in 2007 then decreased to about 11 million in 2009. 
Since 2009, the number of unauthorized immigrants 
has stayed relatively flat at about 11 million (Warren 
2018b).5 Different studies cover different time periods, 
but the trends they report follow a similar pattern.

Pew and CMS analyses show substantial declines 
in unauthorized immigration from Mexico, East-
ern Europe, and South America since 2007. About 
4.9 million Mexican unauthorized immigrants 
lived in the United States in 2017, compared with 
6.9 million in 2007. Non-Mexican unauthorized 
immigration—mainly from Asia, Central America, 
and Africa—rose from about 5.3 million in 2007 to 
5.5 million in 2017. Reflecting acute political and eco-
nomic challenges, three “Northern Triangle” coun-
tries in Central America—Guatemala, Honduras, 
and El Salvador—have since 2015 been the origins 
of increasing unauthorized immigration (Krogstad, 
Passel, and Cohn 2019).

As net unauthorized immigration declined or 
slowed in recent years, the total estimated populations 
of unauthorized immigrants declined substantially in 
many states. From 2010 through 2017, their numbers 
dropped by about 500,000 in California, about 150,000 
in New York, and about 75,000 in Illinois and Florida 
(Pew Research Center 2019). Consequently, the recent-
arrival share of the unauthorized immigrant popula-
tion has declined: The fraction who have been in the 
United States for 10 or more years rose from about two 
in five persons in 2007 to about two in three in 2017 
(Krogstad, Passel, and Cohn 2019).

Visa Overstays
Many persons enter the U.S. legally as tourists, 
students, temporary workers, or members of other 
permitted categories, but overstay the period desig-
nated in their visas. From 2009 to 2019, “the primary 
mode of entry for the unauthorized population [was] to 
overstay temporary visas” (Warren 2019b).

Despite their growing share of the unauthorized 
immigrant population, accurate estimates of their 

numbers are elusive largely because there is no direct 
information on visa overstays. Warren and Warren 
(2013a, 2013b) and Warren (2019a, 2019b) propose 
an estimation method that uses indirect data sources. 
A key component of that method is to differentiate 
unauthorized immigrants who arrive via entry with-
out inspection (EWI) from those who overstay their 
visas. This involves identifying the country of origin 
of immigrants estimated to be unauthorized under 
the residual method. Unauthorized immigrants from 
four countries—Mexico, Honduras, Guatemala, and 
El Salvador—are considered to be more likely to have 
entered without inspection, while those from other 
countries are considered more likely to have over-
stayed a visa.

Specifically, Warren and Warren (2013a) use data 
from the ACS on the resident population whose 
country of origin is Mexico, Honduras, Guatemala, 
or El Salvador, then subtract from that count the 
estimated number of legal residents (based on DHS 
data and demographic imputations). To account for 
slight variations in these assumptions, Warren and 
Warren multiply the residual estimate of the combined 
unauthorized immigrant population from Mexico, 
Honduras, Guatemala, and El Salvador by 90 percent; 
the result is the estimated EWI population. The rest of 
the estimated unauthorized immigrant population is 
assumed to be composed of visa overstays.

From 2000 to 2010, both the new EWI and the 
new visa overstay populations declined substantially 
(Warren and Warren 2013a, 2013b). By the 2010s, 
visa overstays constituted an expanding proportion of 
new unauthorized immigrants because the number of 
EWI arrivals was declining more rapidly than that of 
overstays. Nevertheless, among the total unauthorized 
population residing in the United States as of 2017, an 
estimated 4.9 million, or 46 percent, had overstayed a 
visa, and the other 54 percent had originally arrived 
via EWI (Warren 2019a).

Annual compilations of DHS data on lawful 
immigrant entries and deportations (DHS 2018) and 
on visa overstays (DHS 2020) help to inform estimates 
of the yearly arrivals of unauthorized immigrants. Yet 
converting these annual flow estimates into estimates 
of the total U.S. unauthorized immigrant population is 
hampered by the difficulty of estimating the numbers 
of unauthorized immigrants who emigrate, die, or 
attain legal residency.

DHS publishes annual visa-holder Entry/Exit 
Overstay Reports, of which the fiscal year 2019 edition 
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(DHS 2020) covers the most recent prepandemic year 
and thus reflects the overstay flow of a typical year. It 
reports 574,740 suspected visa overstays in that year. 
Most of these individuals (92 percent) overstayed visas 
permitting temporary visits for business (B1) or tour-
ism (B2), or came from countries that participate in the 
DHS Visa Waiver Program (VWP), which allows busi-
ness or tourism visits of up to 90 days without a visa.6

The other 8 percent, or about 45,000 individuals, 
overstayed other types of visas in fiscal year 2019. 
Some of them likely held an Employee Authorization 
Document that allowed an extended period of employ-
ment and in some cases may have entitled them to 
obtain a Social Security number, unlike those who 
overstayed B1/B2 visas or visits from VWP partici-
pant countries.

An Alternative Methodology: Analyzing 
Border Crossings and Emigration
Because the unauthorized population is difficult to 
identify and measure, alternatives to the residual 
method should be encouraged, studied, and evalu-
ated. Offering one such alternative, Fazel-Zarandi, 
Feinstein, and Kaplan (2018) estimate the size of the 
unauthorized immigrant population by analyzing 
cumulative inflows (EWI and visa overstays) and 
outflows (deportations, voluntary emigration, mortal-
ity, and legal status change). From statistics on border 
apprehensions and visa overstays, one can theoreti-
cally deduce the number of new unauthorized immi-
grant arrivals by imagining the flow in reverse: How 
many new arrivals are needed to offset the observed 
number of apprehensions and visa overstays? For out-
flows, the authors use data from DHS, the Centers for 
Disease Control and Prevention, Warren and Warren 
(2013b), and other sources.7 With this methodology, 
they estimate an unauthorized immigrant population 
of over 22 million, about twice the estimated counts 
based on the residual method.

The approach has been criticized by the Center for 
Immigration Studies (Camarota 2018), an independent 
research organization that advocates reduced immigra-
tion, and the CMS, which advocates increased immi-
gration. Both groups take issue with using data on the 
apprehension of border crossers to measure inflows 
because the count of apprehension incidents exceeds 
the number of individuals apprehended.8 As such, they 
exaggerate the inflow of unauthorized immigrants 
from Mexico.

Fazel-Zarandi, Feinstein, and Kaplan’s model 
estimates that the U.S. unauthorized immigrant popu-
lation from Mexico increased by 17.5 million in the 
1990s. Warren (2018a) tests this estimate using Mexi-
can census data9 for the period from 1990 to 2000. 
The population of Mexico was 86.1 million in 1990. 
From 1990 to 1999, 27.6 million births and 4.3 million 
deaths occurred there. Assuming zero net interna-
tional migration during the decade, the population in 
2000 would have been 109.4 million. The population 
in 2000 was 103.9 million, indicating a net migration 
of 5.5 million people from Mexico during the 1990s.

The 2000 U.S. census supports the 5.5 million emi-
grant statistic from Mexico in the 1990s: It counted 
4.5 million immigrants from Mexico who entered 
from 1990 through 1999. Thus, official Mexican and 
U.S. statistics suggest that emigration from Mexico to 
the United States ranged from 4.5 million to 5.5 mil-
lion people in the 1990s. This result implies that the 
estimate of 17.5 million in the Fazel-Zarandi, Fein-
stein, and Kaplan study overestimates the unauthor-
ized population from Mexico by about 12 million.

That study may also overestimate the count of 
unauthorized immigrants in the United States by 
underestimating the extent to which these individu-
als subsequently emigrate. These discrepancies may 
help explain the disconnect between the unauthorized 
immigrant populations estimated by Fazel-Zarandi, 
Feinstein, and Kaplan and those derived from govern-
ment statistics on births and the school-aged child 
population, which align more closely with the estimates 
produced by the residual method (Camarota 2018).

The CMS Methodology for 
Post-2010 Estimates
CMS used its own version of residual techniques 
to produce annual estimates of the unauthorized 
immigrant population from 2010 to 2019. The CMS 
estimates are based on ACS data for immigrants 
who arrived after 1981. CMS estimated that the total 
unauthorized immigrant population for 2010 was 
11,725,000 (Warren and Warren 2013b), slightly more 
than the DHS estimate of 11.6 million (Baker 2021). 
However, for subsequent years, CMS altered its 
methodology for estimating components of immigrant 
population change (Warren 2021). Below, we summa-
rize Warren’s revised CMS methodology.

In the first step, CMS used 2010 ACS data on the 
foreign-born population from each of 145 countries 

https://www.ssa.gov/policy/docs/ssb/
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or areas of origin and used the conventional residual 
method to estimate the unauthorized immigrant 
population from each of those places of origin. In the 
second step, CMS applied “logical edits” to identify 
post-1981 immigrant arrivals from each place of 
origin who had likely attained legal status based on 
certain characteristics. For example, CMS considered 
individuals who worked in occupations that generally 
require legal status, had legal temporary migrant sta-
tus, were immediate relatives of U.S. citizens, received 
public benefits that are restricted to legal residents, 
were aged 60 or older at entry, or were from countries 
from which most U.S. arrivals would be refugees to be 
legal residents. CMS then subtracted the numbers of 
these presumed legal residents from the conventional 
estimates of unauthorized immigrants to calculate an 
“edited population” of unauthorized immigrants from 
each country or area of origin. In the third step, CMS 
consulted independent databases to refine its figures, 
which resulted in estimates for 145 countries or areas 
of origin that were deemed plausible for each area and 
summed to 10,850,000.10

Next, a set of ratios was computed by dividing the 
residual-method estimate of the unauthorized immi-
grant population for 2010 by the edited population for 
each of the 145 countries or areas. These individual 
country ratios form the basis of the detailed CMS 
estimates for each year after 2010.

To illustrate the methodology step by step, Warren 
(2021) uses Mexico as the country-of-origin example. 
Using the residual method, CMS estimated that 
6.138 million unauthorized residents were among 
the noncitizens from Mexico counted in the 2010 
ACS. CMS found that, in all, the 2010 ACS counted 
8.062 million noncitizen residents who arrived from 
Mexico after 1981. Of those, 1.645 million were deter-
mined to be likely legal residents, producing an edited 
population of 6.417 million. Dividing the number of 
unauthorized residents in 2010 estimated with the 
residual method (6.138 million) by the edited popula-
tion (6.417 million) yields 0.956.11 CMS then multiplied 
the ratio 0.956 by the edited population calculations 
for each year 2011–2016 to estimate the unauthorized 
immigrant population from Mexico. This procedure 
was repeated for each country or area of origin.

CMS used the same country-specific ratios to 
estimate the unauthorized immigrant population each 
year from 2011 through 2016 because the 2010 popula-
tion numbers and ratios were “the cumulative result of 
legal and undocumented entries throughout the entire 
28-year period from 1982 to 2010. If the proportion 

of unauthorized to legal entries in 2011 deviated from 
that long-term trend, the effect on the ratio, and thus 
the estimate [for 2011], would likely be small. Exami-
nation of the annual ACS data for noncitizens, and 
of annual DHS data for legal permanent residents…
admitted, shows that arrivals and population trends 
for nearly all countries [of origin] tend to be fairly 
stable over time” (Warren 2021). In any event, annual 
variations in the ratios for each of the 145 countries or 
areas would likely tend to offset each other over time, 
such that the total unauthorized immigrant population 
estimates would be stable in the period 2011–2016. 
However, for its annual estimates for 2017–2019, CMS 
devised a set of procedures to revise the ratios as 
needed. CMS based those revisions on administrative 
data and estimates of noncitizen deaths and emigration 
from DHS (Warren 2021).

Regardless of the rigor and sophistication of the 
methodologies they use, how do we know whether 
the estimates from CMS—and other organizations—
accurately reflect the size of the unauthorized immi-
grant population? The validity of residual-method 
estimates of the unauthorized immigrant population 
rests in part on the adequacy of the adjustments for 
undercount in the ACS. CMS evaluated the accuracy 
of those adjustments in part by comparing its unau-
thorized immigrant population estimates with those of 
reliable administrative sources such as DHS’ data sets 
on Deferred Action for Childhood Arrivals (DACA) 
applicants and Temporary Protected Status (TPS) 
beneficiaries, the latter group being principally from 
El Salvador, Honduras, and Haiti.

If the CMS estimates of the total unauthorized 
immigrant population are too low, then the number 
of DACA applicants reported by DHS would be 
much higher than the CMS projections. In fact, DHS 
reported about 800,000 DACA applicants for 2010, 
considerably lower than the approximately 1.2 million 
applicants projected by CMS and other organizations. 
The number of DACA applicants likely was lower than 
the actual population of individuals eligible to apply 
for DACA because, as in other legalization programs, 
some who are eligible do not apply, for various reasons 
(Warren 2021).

It is difficult to estimate the number of TPS ben-
eficiaries from specific countries such as El Salvador, 
Honduras, and Haiti and for specific periods of entry. 
The DHS data, based on administrative records, 
provide an approximate number that should have been 
counted in the ACS. Warren (2021) observes that “for 
each country, the CMS estimates are higher than the 
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DHS data. The CMS and DHS numbers differ because 
of sampling variability in the ACS, [the] timing of 
the estimates (2015 vs. 2017), and other differences in 
the underlying data. The similarity of these figures, 
however, provides additional strong support for the 
overall [unauthorized immigrant] population size and 
the adequacy of [each organization’s] adjustments for 
undercount in the ACS.”

Conclusion
This first of three articles on unauthorized immigra-
tion focuses on the predominant method of measur-
ing the unauthorized immigrant population in the 
United States: the residual estimation method. It also 
highlights the ever-changing nature of unauthorized 
immigration: Past trends do not always predict future 
patterns. For instance, Warren (2024) finds that after 
a decade of decline, the U.S. unauthorized immigrant 
population increased by 650,000 in 2022.

Refining the residual method and developing 
potential new methods—and analyzing their strengths 
and weaknesses—illuminates the various complexities 
of measuring unauthorized immigration. For instance, 
Fazel-Zarandi, Feinstein, and Kaplan (2018), and 
its critique (Warren 2018a), highlight that different 
immigrant groups have different patterns of subse-
quent emigration from the United States. Accounting 
for such differences is important in measuring their 
populations, earnings, family structures, and other 
characteristics, as our second article (Tamborini and 
others 2025) shows.

This article also describes a methodological 
extension of the residual method used in estimating 
post-2010 unauthorized immigrant populations. The 
methodology has evolved to account for immigrants’ 
countries of origin and mode of arrival (EWI or visa 
overstay). Our second article also explores additional 
statistical techniques that may be better able to iden-
tify unauthorized immigrant populations and provide 
a deeper understanding of their characteristics. Our 
third and concluding article (Gesumaria and others 
2025) introduces a new method of estimating the 
unauthorized immigrant population.
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1 The benchmark estimates from DHS and these inde-
pendent think tanks in turn provide the basis for Census 
Bureau and Congressional Budget Office estimates. The 
Congressional Research Service and the University of 
Pennsylvania’s U.S. budget model also rely on estimates 
generated by this method. Note that CMS used the residual 
method as part of its estimation procedure for 2010 but has 
revised it for its post-2010 estimates, as we will describe.

2 The Census Bureau conducts the CPS for the Bureau of 
Labor Statistics.

3 Pew, MPI, and CMS have all used CPS data. However, 
their more recent estimates (from 2005 forward) have been 
based on the ACS.

4 The ACS, CPS, and SIPP are nationally representative 
household surveys administered by the Census Bureau. 
For more information on ACS, see https://www.census 
.gov /programs-surveys/acs. For more information on the 
CPS, see https://www.census.gov/programs-surveys/cps 
/technical -documentation.html. For detailed descriptions 
of the SIPP data, see https://www.census.gov/programs 
-surveys/sipp.html.

5 There is little evidence, if any, that the recession 
stopped the upward trend in unauthorized immigrant 
population after 2008. More likely, a long-term increase in 
departures coincided with declining arrivals, mostly from 
Mexico. If the recession had been the cause of a decrease 
after 2008, the unauthorized immigrant population would 
have increased thereafter, but it did not.

6 Because DHS cannot acquire complete departure 
records for many VWP participants, it likely overestimates 
the number of overstays for visitors from those countries.

7 The authors note that “voluntary emigration rates are 
the largest source of outflow and the most uncertain based 
on limited data availability.”

8 Some individuals are apprehended multiple times, on 
repeated instances of returning to a U.S. residence from 
visits to Mexico.

9 Specifically, statistics from the National Institute of 
Statistics and Geography of Mexico.

10 The 10,850,000 figure reflects the estimated undocu-
mented immigrant population based on ACS data prior to 
adjusting for undercount. That adjustment produces the 
11,725,000 population estimate (Warren 2014).

https://www.ssa.gov/policy/docs/ssb/
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https://www.census.gov/programs-surveys/cps/technical-documentation.html
https://www.census.gov/programs-surveys/cps/technical-documentation.html
https://www.census.gov/programs-surveys/sipp.html
https://www.census.gov/programs-surveys/sipp.html
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11 The ratio for Mexico is the highest for any country. 
Most countries of origin with relatively large unauthorized 
immigrant populations have ratios in the range of about 
0.80 to 0.92.
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Introduction
Accurate measurement of the various trends, aspects, 
and outcomes of unauthorized immigration is chal-
lenging, as sources of information tend to be limited 
or indirect. Nevertheless, survey results have been 
used to estimate the size of the unauthorized immi-
grant population, as discussed in our preceding 
article, and as a source of information on the charac-
teristics of that population (Capps, Bachmeier, and 
Van Hook 2018). In this article, we describe some 
of the common methodological techniques that have 
been applied to survey data to estimate population 
characteristics—such as earnings, employment, and 
household composition—of unauthorized immigrants. 
We first discuss how imputation methods are used to 
identify potential unauthorized immigrants among the 
foreign-born residents counted in national surveys. We 
then summarize results from a selection of the exist-
ing literature on this topic. We follow that with a brief 

discussion of the relationship between the duration of 
U.S. residence and human capital investment, and a 
concluding summary.

Imputing Unauthorized Status
Most surveys, including large national federal 
surveys, provide no direct measure of noncitizens’ 
legal status. Therefore, researchers interested in 
examining the characteristics of the unauthorized 
immigrant population—and how they may differ from 

Selected Abbreviations 

ACS American Community Survey
CPS Current Population Survey
LPR lawful permanent resident
MMP Mexican Migration Project
SIPP Survey of Income and Program Participation
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those of documented noncitizen immigrants—must 
use indirect measures. To this end, two techniques—
logical imputation and statistical imputation—are 
often used to identify potentially unauthorized 
populations and to estimate the likely distribution of 
those populations across economic and demographic 
characteristics.

Logical imputation starts with identifying survey 
variables that are associated with authorized U.S. 
residence among noncitizens: for example, being a 
veteran or a government employee, having a certain 
occupational specialty, or receiving public benefits 
such as Medicaid coverage or Supplemental Security 
Income. Respondents with such characteristics are 
removed from the study population, and the remain-
ing pool of potentially unauthorized immigrants is 
further reduced through multiple adjustments that vary 
depending on the research methodology. For example, 
some strategies randomly distribute immigrants into 
authorized and unauthorized pools to reflect a target 
benchmark based on estimates from the Department of 
Homeland Security or independent organizations such 
as the Pew Research Center. Others use information 
about immigrants’ characteristics from the Census 
Bureau’s Survey of Income and Program Participa-
tion (SIPP), a national longitudinal survey that follows 
panels of respondents over 1- to 5-year spans, with 
follow-up surveys administered to panel members 
in multiple waves. For its 1996 through 2008 panels, 
SIPP supplemented its core survey with a separate 
migration module, which asked immigrant respon-
dents about their legal status upon arrival in the United 
States and whether that status had changed up to the 
time of the survey (Tamborini and Villarreal 2021).

A good example of logical imputation is found in 
Bachmeier, Van Hook, and Bean (2014). The authors 
use SIPP migration-module data to sort respondents 
into likely authorized and likely unauthorized groups. 
In the first step, the authors assign foreign-born 
individuals who report U.S. citizenship to the likely 
authorized group. Noncitizen immigrants who report 
entering the United States as lawful permanent resi-
dents (LPRs) are likewise sorted into the likely autho-
rized group.1 Respondents who are not U.S. citizens 
and did not enter as LPRs but who report changing to 
LPR status after arriving are also considered likely 
authorized (although this question last appeared in 
questionnaires for the 2008 panel).2

Other works that impute legal status employ “data 
fusion,” or analyzing the characteristics of SIPP 
migration-module respondents and applying those 

distributions—as predictors of likely authorized 
or unauthorized status—to data for foreign-born 
respondents from another survey that features a much 
larger respondent sample, such as the Census Bureau’s 
Current Population Survey (CPS) or American Com-
munity Survey (ACS) (Van Hook and others 2015; 
Capps, Bachmeier, and Van Hook 2018).3,4 In other 
words, educational, income, and other characteristics 
of SIPP respondents that can be gleaned from the 
migration module are applied to the larger CPS or ACS 
samples. For this technique to be valid, the variables 
of interest must be observed in both the SIPP’s and the 
larger survey’s samples (Van Hook and others 2015).

One potential drawback of statistical imputation 
from one survey to another is that it is quite complex 
and requires a number of additional assumptions to be 
made beyond logical allocation. Further, the public-
use data for the SIPP migration module reports only 
LPR status and excludes information on students, 
workers, and other noncitizens with legal temporary 
resident status. The 2008 SIPP panel also lacks indi-
vidual variables for country of birth, which biases the 
country-of-origin information drawn from other SIPP 
panels. Moreover, although the ACS and the CPS are 
conducted annually, the SIPP is not;5 this makes the 
fusion of cross-survey data on the characteristics of 
unauthorized immigrants difficult for short or medium 
time periods.

Despite the depth of information on immigrant 
characteristics available from the SIPP migration 
module, its usefulness for estimating the size of the 
unauthorized immigrant population is limited. As 
noted earlier, the SIPP is not administered to a new 
(and expansive) sample every year like the ACS or 
CPS. Rather, as a medium-term longitudinal survey, 
SIPP follows a panel over a span of 1–5 years, with 
follow-up survey waves administered during that 
period.6 Theoretically, one could use the logical 
allocation method with the migration-module results 
to estimate the likely unauthorized immigrant popula-
tions for 2004 and 2008 using only the SIPP panels 
for those years. However, trends and changes for 
2005–2007 and 2009–2011 cannot be tracked using 
SIPP because it is not an annual survey, and panel 
attrition—and differential selection out of the panel by 
documentation status—might introduce biases in the 
survey waves for the later years of the panel.

Furthermore, the SIPP migration module included a 
key question that was used to proxy for documentation 
status (specifically, whether an immigrant had changed 
from non-LPR to LPR status since arrival in the United 
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States); but the migration module was eliminated from 
SIPP panels after 2008. Without this question, an 
estimated 5–10 percent of LPRs could be unidentifiable 
in the more recent SIPP data, resulting in an over-
estimated count of unauthorized immigrants. The ACS 
and CPS do not contain similar questions.7

A potential drawback of all the survey-based 
methods is that they likely undercount all immigrants, 
particularly those who are unauthorized (Baker 2021; 
Passel and Cohn 2016; Passel and Krogstad 2023; Van 
Hook and others 2014). This might appear to be of 
greater concern for research that aims to estimate the 
size of the unauthorized immigrant population than 
for efforts to compare the characteristics of poten-
tially unauthorized and likely authorized immigrants. 
However, unauthorized immigrants who respond to 
surveys are not representative of the entire immigrant 
population and therefore may bias the population-
characteristics estimates of immigrants overall and by 
legal status (Capps, Bachmeier, and Van Hook 2018). 
The accuracy of measures of legal status based on 
logical imputation or statistical imputation relies on 
the accuracy of the survey-based variables used.

Selected Findings from the Literature
Using the methods described above and national 
survey data, a small but growing body of literature has 
attempted to identify the characteristics of the U.S. 
immigrant population by legal status. We highlight 
selected findings from a sample of the existing studies 
here; this is not an exhaustive literature review.

Hall, Greenman, and Farkas (2010) use logical 
imputation and SIPP migration-module data from the 
1996 and 2001 panels to examine differences in work-
ing conditions across four groups: likely authorized 
Mexican immigrants, likely unauthorized Mexican 
immigrants, U.S.-born Mexican-Americans, and 
U.S.-born non-Hispanic White people. Their analysis 
suggests that among male Mexican immigrants, those 
who are likely unauthorized are concentrated in lower-
skilled service jobs and earn 17 percent less than their 
likely authorized counterparts. The corresponding 
wage advantage for likely authorized female Mexican 
immigrants is 9 percent. The authors also find lower 
returns on human capital and slower wage growth for 
likely unauthorized male Mexican immigrants than for 
their likely authorized counterparts: the return to edu-
cation for the former is half the return for the latter.

Using similar methods and more recent (2004 and 
2008) SIPP panels, Greenman and Hall (2013) address 
variation in educational attainment among Mexican 

and Central American immigrants by legal status. 
They find lower high school graduation and college 
enrollment rates among the likely unauthorized, a 
differential not explained by family background. Hall, 
Greenman, and Yi (2018) use data from the 1996, 
2001, and 2004 SIPP panels to examine job mobility 
among likely unauthorized immigrants and find that 
those from Mexico and Central America have lower 
job mobility than likely authorized immigrants from 
the same areas. Moreover, when unauthorized immi-
grants changed jobs (either within or across firms), 
their rates of switching to similar jobs (rather than 
upward transitions) were higher than those of U.S.-
born workers and likely authorized immigrants.

Using logical imputation methods based on data 
from the SIPP core and migration modules, Tamborini 
and Villarreal (2021) explore differences in job stabil-
ity among immigrants during the Great Recession 
by likely legal status and Hall, Musick, and Yi (2019) 
study family composition among Hispanic immigrant 
households. Tamborini and Villarreal find that likely 
unauthorized immigrants faced greater job instability, 
particularly underemployment, during and after the 
Great Recession than did legal resident immigrants. 
Hall, Musick, and Yi find that unauthorized Hispanic 
immigrants exhibited more complex living arrange-
ments than other groups did, such as being more likely 
to reside with extended family and nonfamily mem-
bers. Over the observation period, likely unauthorized 
Hispanic immigrants also experienced greater family 
instability (in terms of changing family size and struc-
ture) than other groups did.

Other research uses ACS data to examine differ-
ences in immigrant characteristics by legal status. 
Passel and Cohn (2016) examine occupation and 
industry of employment differences between likely 
unauthorized and legal immigrants using a probabilis-
tic process to impute legal resident status for survey 
respondents based on age, region of birth, family rela-
tionships, and other demographic characteristics. This 
method extends the residual method of estimating the 
size of the unauthorized immigrant population, which 
we described in the first of these three related articles 
(Duleep and others 2025). Passel and Cohn find sub-
stantial within-group variation in the occupation and 
industry of employment among immigrants by legal 
status. Likely unauthorized immigrants tend to be 
employed in low-skilled occupations characterized by 
informal and nonstandard work arrangements, includ-
ing landscaping, foodservice, and hospitality. They 
are also concentrated in construction and farmwork: 
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Passel and Cohn estimate that in 2014, un authorized 
immigrants constituted 15 percent of workers in con-
struction and 26 percent of those in farming.

Borjas (2017a and 2017b) uses data files constructed 
by Pew Research Center analysts to examine the 
labor market characteristics of immigrants by legal 
status based on ACS and CPS data. Using a variant of 
a probabilistic logical imputation method described 
in Passel and Cohn (2014), Borjas also finds labor 
market differences between unauthorized immigrants, 
authorized immigrants, and the U.S.-born population. 
Consistent with Hall, Greenman, and Farkas (2010) 
findings using the SIPP, Borjas (2017a) observes 
that wages and returns on education are lower for 
likely unauthorized immigrants than for authorized 
immigrants and U.S.-born workers, with legal status 
associated with wages that are between 6 percent and 
14 percent higher. Borjas (2017b) also finds substan-
tially higher labor force participation and employment 
rates among likely unauthorized immigrant men than 
the likely authorized group (as does Albert 2021). By 
contrast, among women, unauthorized immigrants 
experienced substantially lower employment rates than 
their likely authorized counterparts. Bean, Brown, and 
Bachmeier (2015) impute the legal status of Mexican 
immigrants using the 2012 ACS and find lower earn-
ings among likely unauthorized men.

Permanence of U.S. Residence and 
Investment in Human Capital
In estimating the number of unauthorized immigrants 
and in understanding their characteristics, it is impor-
tant to differentiate between those who stay in the 
United States permanently and those with temporary 
U.S. residency.8 Unauthorized immigrants are more 
likely to return to their countries of origin than autho-
rized immigrants are (Sohn and others 2023).

The Mexican Migration Project (MMP), a joint 
Mexican and American interdisciplinary research effort 
established in 1982, gathers information on migrants 
who are—at least initially—relatively transient. The 
MMP conducts interviews in the winter months, when 
many migrants return to their home country to join 
their families. Out-migrant samples are also taken, 
matching those communities with migrants residing in 
the United States.9 The MMP data reveal a population 
that mostly lacks U.S. legal status, whose members 
transit back and forth between the United States and 
Mexico, and who generally experience low U.S. earn-
ings growth.

In another MMP study, Massey (1986) probes the 
role of permanence and finds that migrants form social 
and economic ties as they accrue time in the United 
States, which increases the chances that they will 
attempt to settle permanently. With time, migrants 
bring their family members and, with greater perma-
nence, they secure more stable, better paying jobs. 
These data have also been used to analyze the role of 
economic and social factors in the decision to attempt 
unauthorized migration (Ryo 2013).

Using data collected by the China International 
Migration Project, Chunyu (2011) traces the work 
trajectories of immigrants from China’s Fujian 
province, the source of the largest wave of Chinese 
emigration in the 1990s. Like their Mexican counter-
parts, these immigrants are mostly unauthorized, 
with low levels of education: 41 percent possess no 
more than an elementary-school education. Yet, in 
contrast with the Mexican unauthorized immigrants, 
few return to China.

A window on the effect of permanence within 
the more generally transient Mexican unauthorized 
population is opened by examining individuals who 
applied for legal status under the 1986 Immigration 
Reform and Control Act (IRCA). Under IRCA, 1.7 mil-
lion persons were legalized by 1990, 1.3 million of 
whom were Mexican. Individuals could attain legal 
status if they could show “long-term” U.S. residence.10 
Thus, those who applied for legal status are a relatively 
permanent subset of the unauthorized population.

From IRCA’s processing system, the Legalized 
Population Survey (LPS) data file was created, with 
information on the jobs and earnings of these individ-
uals at three points in time—when they first entered 
the United States, when they sought legal permanent 
residence, and several years thereafter. Using the 1989 
LPS, Powers and Seltzer (1998) find that real median 
earnings rose 21 percent for unauthorized immigrant 
men between their initial U.S. job and the time they 
applied for legal status. Using a scale that reflects the 
relative economic status indicated by detailed occupa-
tions, Powers and Seltzer also find meaningful earn-
ings gains for the study population in the period before 
they attained legal status.11 The study results suggest 
that within a population generally characterized by 
impermanence and low earnings mobility, earnings 
growth exists for those who reside for longer periods 
in the United States.

Using data from various university and local 
government surveys conducted in southern California, 
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Cornelius and Marcelli (2000) find that permanent 
settlement of Mexican migrants in the United States 
began to increase in the 1970s and accelerated dur-
ing the 1980s. Permanence thus varies across groups 
of unauthorized immigrants as well as over time 
for the same group: A historically transient group 
may begin to trend toward more permanence, and 
permanence affects certain characteristics—such as 
earnings—of unauthorized immigrant groups in ways 
that affect the accuracy of unauthorized immigrant 
population estimates.

Conclusion
Scholars and policymakers explore the extent to which 
the economic and social characteristics of immigrants 
vary by legal status. This article describes some 
methodological strategies that have been employed to 
identify the characteristics of potential unauthorized 
immigrants using data from national surveys. We 
have focused on methods of imputing legal status and 
then have summarized results from selected studies 
that follow such strategies. Future work would benefit 
from developing more precise measures, if possible, of 
immigrants’ legal status. Perhaps current methods that 
essentially impute legal status could be combined with 
information indicating whether the survey data can 
be matched to administrative data records. The third 
of our three related articles (Gesumaria and others 
2025) examines such potential survey–administrative 
data linkages.
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1 To protect respondent confidentiality, the SIPP groups 
all immigrants who were non-LPRs at U.S. entry under a 
single “other” category. In addition to unauthorized immi-
grants, that category includes workers, refugees, asylees, 
tourists, business travelers, and diplomats and other politi-
cal representatives with legal temporary resident status.

2 Imputed values for all questions used to infer docu-
mentation status are not considered in the assignment of 
likely status.

3 The CPS is conducted by the Census Bureau for the 
Bureau of Labor Statistics.

4 Keister and Aronson (2017) also use data fusion, apply-
ing characteristics found in SIPP data to results from the 
Federal Reserve Board’s Survey of Consumer Finances.

5 For some SIPP panels, particularly newer panels, 
follow-up waves are conducted annually; but these yearly 
reiterations are not equivalent to fielding the survey to new 
participants each year, as the ACS and CPS do.

6 SIPP waves are fielded at regular intervals that vary 
from panel to panel.

7 The questions about migration that remain in the more 
recent SIPP panels are less detailed than the previous 
versions were. For example, the 2014 and later SIPP panels 
do not ask whether non-LPR arrivals had subsequently 
attained LPR status.

8 Duleep and Regets (1994, 1999, and 2002) and Duleep 
and others (2020) explore the role of permanence in human 
capital investment among immigrants and model its effects.

9 See Massey and Zenteno (1999) for further information. 
The collected data, compiled in a comprehensive database, 
has formed the foundation for Orrenius and Zavodny 
(2003), Donato, Durand, and Massey (1992), and numerous 
other studies.

10 For applicants granted specialized agricultural worker 
status, the requirements for legalization were much more 
lenient (only 90 days of continuous agricultural employ-
ment in the past year). Comparing their experiences with 
those of long-term U.S. resident immigrants thereby 
provided a potential natural experiment on the effect 
of permanence.

11 The initial occupational status scores of this population 
placed the unauthorized immigrants in the lowest one-
fifth of all U.S. occupations. By the time they applied for 
legal status, these immigrants were no longer in the lowest 
occupational-status quintile. 
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Introduction
This article introduces a new method of estimating 
the unauthorized immigrant population in the United 
States by exploiting discrepancies between data from 
the Census Bureau’s Current Population Survey (CPS) 
and administrative records maintained by the Social 
Security Administration (SSA). In some cases, the 
Social Security numbers (SSNs) reported by survey 
respondents do not match the SSNs in the administra-
tive data. Among foreign-born individuals, these SSN 
nonmatches often indicate unauthorized status. Our 
new CPS-SSA nonmatch estimation method separately 
addresses the two causes of nonmatching SSNs: 
individuals without a valid SSN (Type 1 nonmatches) 
and individuals who use a valid SSN that belongs to 
another person (Type 2 nonmatches).

The article comprises six sections, beginning with 
this introduction. The second section presents back-
ground information on the CPS-SSA data linkage. 
The third and fourth sections respectively describe 
the circumstances that lead to Type 1 and Type 2 SSN 
nonmatches, and our method of using each type of 

mismatched data as a step in the process of estimat-
ing the unauthorized immigrant population. The fifth 
section offers information for analysts planning to 
use or improve the CPS-SSA nonmatch method. The 
sixth section concludes by comparing the numbers of 
unauthorized immigrants estimated using our CPS-
SSA nonmatch method with those estimated using the 
residual method, which the first of these three related 
articles describes (Duleep and others 2025).

Background
Matching federal survey data with administrative data 
records is a critical research tool, and the SSN plays 
a crucial role in matching CPS data with SSA data 

Selected Abbreviations 

CPS Current Population Survey
DHS Department of Homeland Security
SSA Social Security Administration
SSN Social Security number
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files (Aziz, Kilss, and Scheuren 1978; Delbene 1979; 
Duleep 1986). Nevertheless, over time, CPS respon-
dents have become increasingly reluctant to provide 
their SSN and thereby enable the administrative-data 
linkages. To overcome this obstacle, in the early 
2000s,

the Census Bureau stopped directly request-
ing an SSN. Instead, under a new methodol-
ogy, a respondent is informed that the survey 
data will be matched with other federal data 
for research purposes. Unless the respondent 
opts out, the Census Bureau then combines 
SSN application information from SSA’s 
[Numerical Identification System data] file 
with address records from the [Internal 
Revenue Service], SSA, and other sources 
to determine the respondent’s correct SSN. 
Once a match is found, survey and admin-
istrative data for the respondent are linked 
(McNabb and others 2009).

Importantly, SSNs are not disclosed in any data set 
used for research. Instead, to protect the individu-
als’ identities, they are replaced with coded proxy 
identifiers.1

Methods
To estimate the size of the unauthorized immigrant 
population, we examine linked CPS and SSA data for 
foreign-born individuals and quantify the instances 
in which the reported SSNs do not match. A Type 1 
nonmatch occurs if there is no valid SSN: The respon-
dent either has no SSN at all or has a fraudulent SSN, 
meaning that it was fabricated by the respondent or 
by his or her employer. A Type 2 mismatch occurs if 
the respondent has a valid SSN, but that SSN legiti-
mately belongs to another person. For this analysis, we 
specifically use SSA’s Numerical Identification System 
(Numident) file and CPS Annual Social and Economic 
Supplement (ASEC) data for 2006 through 2016. We 
then compare the prevalence of CPS-SSA data non-
matches for immigrants with the nonmatch rate of 
U.S.-born respondents, as detailed below.

Type 1 Nonmatches
The CPS results contain data for individuals with 
Type 1 nonmatches (no SSN or a nonvalid SSN), but 
the Social Security administrative record system does 
not. The survey and administrative data for these 
individuals therefore cannot match. Table 1 shows the 
number and prevalence of these nonmatches among 
persons aged 15 or older.

The number of foreign-born nonmatches in Table 1 
might appear to provide logical estimates of the size 
of the unauthorized immigrant population. Yet SSN 
reporting errors can cause mismatches between the 
CPS data and SSA records that have nothing to do 
with unauthorized immigration. Because there are 
no unauthorized immigrants among the native-born 
population, the nonmatch rate for that group provides 
a control for estimating the shares of nonmatches that 
occur for reasons other than unauthorized immigration.

To estimate the percentages of foreign-born non-
matches that are due to unauthorized immigration, 
we subtract the nonmatch rate among the native-born 
respondents from the nonmatch rate for all immigrants. 
We then compute the unauthorized immigrant popula-
tion by multiplying the total foreign-born population 
by the resulting percentage, as shown in Table 1.

One concern arises: The match probabilities may 
correlate with demographic and socioeconomic 
characteristics, and the distribution of these variables 
may differ between the foreign-born and U.S.-born 
populations. To address this concern, we reweighted 
the native-born sample to align with the foreign-born 
sample by age, sex, and education. We omit these 
results, however, because reweighting the sample on 
these characteristics barely changed the estimated 
unauthorized immigrant population.

Type 2 Nonmatches
When a CPS respondent is an unauthorized immigrant 
who uses or has used someone else’s valid SSN, the 
SSN will appear in both the CPS and the SSA data. 
To estimate the number of unauthorized immigrants 
who use, or have used, another person’s valid SSN, 
we distinguish between two types of SSN matches 
in the CPS and SSA data. In an affirmative match, 
the individual’s CPS data and the SSA data match on 
key variables, such as sex and birth year. A dubious 
match occurs when the individual’s CPS and SSA 
data do not match on key variables. Thus, we define 
a match as dubious if the individual’s CPS data and 
SSA records differ either in sex or in age (if by more 
than 5 years). The count of dubious matches among 
the foreign-born may provide a good estimate of the 
number who are using someone else’s valid SSN. 
We refer to the number of dubious matches divided 
by the total number of all matches (affirmative plus 
dubious) in the CPS and SSA data as the discrep-
ancy rate. As we did with Type 1 nonmatches, we 
use the U.S.-born population as a control to account 
for Type 2 discrepancies that are caused by reasons 
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other than unauthorized immigration. We subtract the 
discrepancy rate for the U.S.-born population from 
the discrepancy rate for the foreign-born population to 
determine the net discrepancy rate.

We apply the net discrepancy rate to the number 
of all immigrants who have CPS-SSA data matches 
(whether affirmative or dubious). The resulting number 
is added to the unauthorized immigrant population 
that was estimated based on Type 1 nonmatches 
(Table 2).

Comparing CPS-SSA Nonmatch Method 
and Residual Method Estimates
As the first of our three articles discusses, the residual 
method of estimating the unauthorized immigrant 
population includes steps that account for survey 
undercounts and for immigrants who entered the 
United States with legal temporary visas but then 
overstayed them.

Adjusting for Undercounts
Researchers account for American Community Survey 
and CPS undercounts by adjusting their estimated 
counts of unauthorized immigrants upward by 

5 percent to 15 percent. We use 10 percent, the mid-
point of those adjustments, to offset undercounting in 
the CPS. Specifically, we assume that the unauthorized 
immigrant population figures based on nonmatching 
SSNs in Table 2 represent 90.9 percent of the true 
population (that is, the population accounting for CPS 
undercounts). Table 3 shows the figures adjusted to 
equal 100 percent of those counts.

Accounting for Visa Overstays
B1 tourist visas and B2 business trip visas account 
for about 92 percent of visa overstays (Department 
of Homeland Security [DHS] 2021). Most people 
who overstay tourist or business visas are unlikely to 
have an SSN history. Yet, many visitors holding other 
types of visas are eligible for temporary employment 
authorization. This suggests that we could subtract the 
number of individuals who overstayed a B1 or B2 visa 
from the total number of visa overstays to estimate the 
number of visa overstays with an SSN history. Unfor-
tunately, estimates of the population of visa overstays 
are not available; however, estimated net annual flows 
in visa overstays are. Warren (2019) estimates that 
46 percent of the unauthorized immigrant population 
in 2017 overstayed a visa and DHS (2021) reports that 

Number

Share of 
foreign-born 

population 
(%)

33,571,249 14.40 9,924,156 29.56 8.54 21.02 7,055,651
35,063,411 14.86 10,242,443 29.21 8.36 20.85 7,311,041
35,180,322 14.77 10,547,283 29.98 9.30 20.68 7,276,442
34,884,933 14.53 10,280,222 29.47 9.36 20.11 7,016,271
35,682,735 14.73 8,117,290 22.75 9.53 13.22 4,716,841

36,479,785 14.95 6,812,580 18.67 8.59 10.08 3,679,485
38,195,263 15.42 6,979,920 18.27 9.35 8.92 3,407,508
38,517,423 15.41 8,872,147 23.03 9.98 13.05 5,027,376
39,212,327 15.53 8,969,626 22.87 10.20 12.67 4,971,488
40,556,084 15.89 9,559,729 23.57 10.48 13.09 5,311,430
41,346,254 16.03 9,879,161 23.89 10.78 13.11 5,420,932

a.

b.

Table 1. 
Estimating the unauthorized immigrant population aged 15 or older: Foreign-born U.S. population, and 
adjustments accounting for Type 1 SSN nonmatches, 2006–2016

Survey 
year

Foreign-born population Type 1 SSN nonmatches

Number

Share of U.S. 
population 

(%)

Foreign-born U.S.-born (as a 
percentage 

of total 
U.S.-born 

population)

Estimated 
percentage of 

the foreign-born 
population 

who are 
unauthorized 
immigrants a 

Estimated 
unauthorized 

immigrant 
population 

based
 on Type 1 

nonmatches b

Equals the foreign-born population times the estimated percentage who are unauthorized.

2010

2006
2007
2008
2009

SOURCE: Authors' calculations based on CPS-ASEC and Social Security administrative data.

Equals the nonmatch share of foreign-born population minus the nonmatch share of U.S.-born population.

NOTE: A CPS respondent with no SSN or a fabricated SSN is a Type 1 SSN nonmatch.

2011
2012
2013
2014
2015
2016
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Estimated unauthorized 
immigrant population based on 
Type 1 SSN nonmatches only 

(from Table 1)
Net discrepancy 

rate a (%)

Additional unauthorized 
immigrants based 

on Type 2 SSN 
nonmatch analysis

Total estimated 
unauthorized immigrant 

population based on 
nonmatching SSNs

7,055,651 3.85 271,942 7,327,593
7,311,041 4.72 345,011 7,656,052
7,276,442 4.23 307,913 7,584,355
7,016,271 3.61 253,429 7,269,700
4,716,841 63.64 3,001,877 7,718,718

3,679,485 90.79 3,340,527 7,020,012
3,407,508 104.34 3,555,428 6,962,936
5,027,376 35.14 1,766,858 6,794,234
4,971,488 31.51 1,566,572 6,538,060
5,311,430 29.24 1,552,917 6,864,347
5,420,932 31.29 1,696,076 7,117,008

a.

2012
2013
2014
2015

Table 2. 
Estimating the unauthorized immigrant population aged 15 or older: Adding Type 2 SSN nonmatches to 
the Type 1 nonmatch analysis results, 2006–2016

2006
2007
2008
2009
2010

2011

Survey 
year

The difference in SSN-match discrepancy rates between U.S.-born and foreign-born CPS respondents. 

NOTES: A CPS respondent with no SSN or a fabricated SSN is a Type 1 SSN nonmatch.

A CPS respondent with a valid SSN that legitimately belongs to another person is a Type 2 SSN nonmatch.

2016

SOURCE: Authors' calculations based on CPS-ASEC and Social Security administrative data.

6.9% a 20% b

7,327,593 8,060,352 8,463,370 9,047,343 10,156,044
7,656,052 8,421,657 8,842,740 9,452,889 10,611,288
7,584,355 8,342,791 8,759,931 9,364,366 10,511,917
7,269,700 7,996,670 8,396,504 8,975,863 10,075,805
7,718,718 8,490,590 8,915,120 9,530,263 10,698,144

7,020,012 7,722,013 8,108,114 8,667,574 9,729,737
6,962,936 7,659,230 8,042,192 8,597,103 9,650,630
6,794,234 7,473,657 7,847,340 8,388,806 9,416,808
6,538,060 7,191,866 7,551,459 8,072,510 9,061,751
6,864,347 7,550,782 7,928,321 8,475,375 9,513,985
7,117,008 7,828,709 8,220,144 8,787,334 9,864,173

a.

b.

Table 3.
Adjusting the estimated unauthorized immigrant population: Survey undercount, visa overstays, and 
expanding the analyzed population from ages 15 or older to all ages, 2006–2016

Survey 
year

Total estimated 
unauthorized 

immigrant population 
based on 

nonmatching SSNs 
(from Table 2)

The all-ages unauthorized immigrant 
population if the share of the 

population aged 0–14 equals—

2006

Assumes the share of the population aged 0–14 is similar between unauthorized immigrants and the overall U.S. population.

Adjusting to account for—

CPS undercount: 
Add 10%

Visa overstays 
not captured in 

nonmatching 
SSN analysis: 

Add another 5%

2013
2014
2015
2016

SOURCE: Authors' calculations based on CPS-ASEC and Social Security administrative data.

Assumes the share of the population aged 0–14 is lower among unauthorized immigrants than in the overall U.S. population.

2007
2008
2009
2010

2011
2012

https://www.ssa.gov/policy/docs/ssb/
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in 2019, about 8 percent of overstays held nonbusi-
ness or nontourist visas. Eight percent of 46 percent 
is about 3.7 percent. To reduce the risk of underesti-
mating overstay incidence, we adjust 3.7 percent up 
to 5 percent, then add that 5 percent to the estimated 
population of unauthorized immigrants in Table 3.

Estimates for All Ages
Our estimates are calculated for the unauthorized 
immigrant population aged 15 or older but the residual 
method estimates, discussed in the first of these three 
articles, are calculated for the all-ages population. The 
final step of our estimation method is to reconcile that 
difference. For the period 2006–2016, about 20 percent 
of the U.S. population was aged 14 or younger (Census 
Bureau 2023). Yet the motivations and the logistics 
of undocumented immigration are likely to result in 
a disproportionally low presence of children younger 
than 15 in the unauthorized immigrant population. 
Among foreign-born U.S. residents who arrived in the 
period 1982–2019, the 2019 American Community 
Survey found that 6.9 percent were younger than 15. 
Table 3 therefore shows our computations with both 
6.9 percent and 20 percent adjustments to provide 
alternative estimates of the all-ages unauthorized 
immigrant population.

Data Limitations and Notes 
for Future Research
We likely underestimate the percentage of unauthor-
ized immigrants who overstay their visas and have 
a valid SSN because the estimates are based on flow 
data rather than on “snapshot” data for entire popula-
tions at particular points in time. If available, snapshot 
data should be used to inform these estimates.

Our estimates ignore individuals who overstayed 
a visa but now reside outside the United States and 
assume that individuals overstaying a B1 or B2 
business or tourist visa do not have any administra-
tive records at SSA. We are not certain whether our 
algorithm counts holders of F1 visas, who are eligible 
for Optional Practical Training (which can last from 
6 months to 27 months), as authorized or unauthorized 
immigrants.

The Census Bureau’s Person Identification Valida-
tion System (PVS) matches survey responses with 
SSA data without disclosing SSNs. The PVS uses 
probabilistic matching to assign a unique Census 
Bureau identifier for each person (Wagner and Layne 
2014). Analogous to data fingerprints, the unique non-
SSN identifying information that the PVS uses will not 

find matches in SSA data for persons who have never 
applied for and received SSNs. Because these persons 
have never given their identifying information to SSA 
or the Internal Revenue Service, they have no data in 
the administrative records. Thus, the PVS allows us to 
infer that immigrant survey respondents who have no 
matching SSA data do not have a valid SSN, suggest-
ing that they may be unauthorized immigrants.

Our methodology focuses on the number of unau-
thorized immigrants and not their characteristics, 
which we explore in the second of our three articles 
(Tamborini and others 2025). Subject to further 
investigation, the CPS-SSA nonmatch method may 
provide a convenient way to continuously measure 
both the size and characteristics of the U.S. unauthor-
ized immigrant population.

Summary and Conclusion
Each year, the SSA actuaries forecast the financial 
status of the Old-Age, Survivors, and Disability 
Insurance programs by projecting U.S. labor force 
participation, earnings, and other variables. These 
long-term projections incorporate assumptions about 
the relationship between immigration and Social 
Security. In describing the unauthorized immigrant 
population and presenting methods for estimating its 
size, our three articles may provide insights to inform 
those assumptions.

To date, two estimation methodologies have domi-
nated efforts to measure the number of unauthorized 
immigrants in the United States. The first, the residual 
method, is described in detail in the first of these three 
articles (Duleep and others 2025). It involves subtract-
ing from the count of all foreign-born individuals 
residing in the United States the numbers with legal-
resident status. The results represent an estimate of the 
unauthorized immigrant population.

The second approach uses enforcement statistics 
such as border apprehensions. An attractive feature of 
this approach is that it starts with known information 
about who we are trying to measure—unauthorized 
immigrants. Yet a single person may cross the border 
and return multiple times. If each apprehension is 
counted as a new entrant, then this method overesti-
mates the number of unauthorized immigrants. The 
number of border-crossing agents will also affect 
how many unauthorized immigrants are counted: 
with more agents, more apprehensions occur and are 
counted. Given these shortcomings, the enforcement-
statistics estimation method is not used as often as 
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the residual method, which is preferred by DHS and 
various research institutes.

Consistency of results implies accuracy, and studies 
that use the residual method find similar results. Skep-
tics note, however, that the accuracy of the residual 
method estimates are difficult to verify, given that they 
share a similar methodology. Perhaps all are consis-
tently wrong? Would a valid but different methodology 
find similar results?

Motivating our study was a concern that the resid-
ual method may dramatically understate unauthorized 
immigration. To explore this concern, we developed an 
alternative estimation method. We employ a unique, 
restricted-use dataset linking data for respondents 
from multiple years of the CPS to their administrative 
records compiled at SSA. The CPS-SSA nonmatch 
method counts two types of unauthorized immigrants: 
those who do not have a valid SSN and those who 
use the valid SSN of another person. The CPS-SSA 
nonmatch method differs completely from the residual 
method. If our estimates of the unauthorized immi-
grant population are similar to residual method esti-
mates, it cannot be due to methodologic similarities.

As discussed in the first of our three articles, the 
Center for Migration Studies of New York (CMS) has 
used its own version of residual techniques to produce 
annual estimates of the unauthorized immigrant popu-
lation from 2010 to 2019, providing greater detail than 
the DHS estimates. Nevertheless, CMS estimated the 
total unauthorized immigrant population for 2010 at 
11.7 million (Warren and Warren 2013), only slightly 
more than DHS’ estimate of 11.6 million (Baker 2021). 
The results for our CPS-SSA nonmatch method and 
from CMS and DHS using the residual method are 
similar: We estimate an unauthorized immigrant 
population of 10.7 million in 2010 (Table 3, using the 
20 percent adjustment to expand the counted popula-
tion from those aged 15 or older to those of all ages).

Estimates of the unauthorized immigrant popu-
lation over time using the residual and CPS-SSA 
nonmatch methods are also broadly similar. Table 3 
shows that the CPS-SSA nonmatch estimates of the 
number of unauthorized immigrants peaked in 2010, 
followed by 4 consecutive years of small decreases. 
The numbers then increased in 2015 and 2016. Simi-
larly, following 2010, CMS estimates using a modified 
residual method show several years of declining unau-
thorized immigration, until 2022 when the estimated 
number of unauthorized immigrants increased 6 per-
cent (Warren 2024).

In conclusion, our different methodology produces 
estimates of the size of the unauthorized immigrant 
population in the United States—and of unauthor-
ized immigration trends—that are broadly similar to 
those produced using the residual method. We find 
no evidence that the residual method underestimates 
unauthorized immigration. The similarity in results is 
important both for national policy discussions about 
unauthorized immigrants in the United States and for 
the specific policy needs of Social Security.
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1 For more information on Census Bureau matching 
procedures, see Wagner and Layne (2014).
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