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ABSTRACT One of the most com mon meth ods for esti mat ing the U.S. unau tho rized 
for eign-born pop u la tion is the resid ual method. Over the last decade, resid ual esti ma-
tes have typ i cally fallen within a nar row range of 10.5 to 12 mil lion. Yet it remains 
unclear how sen si tive resid ual esti ma tes are to their under ly ing assump tions. We exam-
ine the extent to which esti ma tes may plau si bly vary owing to uncertainties in their 
under ly ing assump tions about cov er age error, emi gra tion, and mor tal ity. Findings 
show that most of the range in resid ual esti ma tes derives from uncer tainty about emi-
gra tion rates among legal per ma nent res i dents, nat u ral ized cit i zens, and human i tar ian 
entrants (LNH); esti ma tes are less sen si tive to assump tions about mor tal ity among the 
LNH for eign-born and cov er age error for the unau tho rized and LNH pop u la tions in 
U.S. Census Bureau sur veys. Nevertheless, uncer tainty in all  three assump tions con-
trib utes to a range of esti ma tes, whereby there is a 50% chance that the unau tho rized 
for eign-born pop u la tion falls between 9.1 and 12.2 mil lion and a 95% chance that it 
falls between 7.0 and 15.7 mil lion.

KEYWORDS Immigration • Unauthorized for eign-born • Uncertainty • Population 
esti ma tes

Introduction

Estimates of the size, growth, and com po si tion of the unau tho rized for eign-born pop u-
la tion are impor tant for under stand ing pop u la tion dis tri bu tions and trends in the United 
States. They also shape pub lic debates about immi gra tion and are impor tant for the 
eval u a tion and admin is tra tion of U.S. pol i cies. For exam ple, accu rate esti ma tes of the 
unau tho rized for eign-born pop u la tion can shed light on the scope and cost of pro posed 
leg is la tion to grant legal sta tus to cer tain groups of unau tho rized immi grants and help 
eval u ate immi gra tion enforce ment efforts (Meissner and Mittelstadt 2020).

One of the most com mon meth ods for esti mat ing the unau tho rized for eign-born 
pop u la tion is the resid ual method (e.g., Baker 2021; Bean et al. 2001; Warren and 
Passel 1987). In its most basic form, this method sub tracts an esti mate of the legally 
res i dent for eign-born pop u la tion—com posed of legal per ma nent res i dents; nat u ral-
ized cit i zens; and ref u gees, asylees, and other human i tar ian entrants (a group here af ter 
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referred to as the “LNH” for eign-born) observed in admin is tra tive data—from the 
total for eign-born pop u la tion recorded in the Amer i can Community Survey (ACS) or 
another major national sur vey. After account ing for the degree to which for eign-born 
indi vid u als are under rep re sented in the ACS and mak ing other adjust ments, the dif-
fer ence yields an esti mate of the unau tho rized for eign-born.

Residual esti ma tes gen er ated for the most recent ACS data years have typ i cally 
fallen within a mil lion of one another no mat ter which research group or orga ni za-
tion pro duced the esti mate. For exam ple, the U.S. Department of Homeland Security 
(DHS) (Baker 2021) esti mated there were 11.4 mil lion unau tho rized immi grants as of 
Jan u ary 2018, and the Pew Research Center (Pew) (Passel and Cohn 2019) esti mated 
a pop u la tion of 10.5 mil lion as of mid-2017. The con sis tency of these esti ma tes has 
contributedtomediaandpublicconfidenceanddrivenconsensusaboutthechanging
size and com po si tion of the unau tho rized immi grant pop u la tion. However, the sim i lar-
ity of the esti ma tes may con vey a false degree of cer tainty. Residual esti ma tes rely on 
assump tions about emi gra tion, mor tal ity, and cov er age error among the for eign-born 
pop u la tion, and the pre cise lev els of these inputs are not known with com plete cer-
tainty. Despite this uncer tainty, none of the research orga ni za tions that pro duce resid ual 
esti ma tes have pro vided plau si bil ity ranges, yet doing so would help the demo graphic 
com mu nity eval u ate whether there are mean ing ful dif fer ences among the var i ous esti-
ma tes. It would also be impor tant to know if the plau si ble range around resid ual esti ma-
tes is so wide as to ren der these esti ma tes use less for pub lic pol icy debates; a high level 
of uncer tainty would moti vate future research to nar row the range.

Here, we develop an esti mate of the plau si ble range of resid ual esti ma tes of the 
unau tho rized for eign-born pop u la tion. Our over arch ing strat egy is to exam ine how 
uncer tainty in key inputs trans lates into uncer tainty in resid ual esti ma tes. In what 
follows,wefirstreviewourapproachtocalculatingresidualestimates.Wethenuse
a sim ple sim u la tion to esti mate the sen si tiv ity of resid ual esti ma tes to changes in the 
method’s three key assump tions: (1) the cov er age error in the ACS and other nation-
wide sur veys of the unau tho rized and LNH for eign-born pop u la tions, (2) emi gra tion 
rates of the LNH for eign-born, and (3) death rates of the LNH for eign-born.

Finally, we pro duce our own resid ual esti ma tes using cov er age error, emi gra tion, 
anddeath rates that reflect thebestavailableevidence,andassess theirsensitivity
toaplausiblerangeofassumptions.Wefindthatmostoftheuncertaintyinresidual
esti ma tes derives from uncer tainty in emi gra tion rates; resid ual esti ma tes are less 
sen si tive to assump tions about cov er age error and even less sen si tive to mor tal ity 
assump tions. After account ing for uncer tainty in all  three assump tions, we esti mate 
that there is a 50% chance that the unau tho rized for eign-born pop u la tion falls between 
9.1 and 12.2 mil lion, and a 95% chance that it falls between 7.0 and 15.7 mil lion.

The Residual Method

As part of our effort to assess the uncer tainty in resid ual esti ma tes, we devel oped 
our own resid ual esti ma tes of the unau tho rized for eign-born pop u la tion by age, sex, 
year of arrival, and coun try or region of birth using the best avail  able data and meth-
ods avail  able to us. We followed the same approach and obtained sim i lar results as 
other research ers (i.e., Pew and DHS). Nevertheless, dif fer ent research ers tend to rely 
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on slightly dif fer ent data sources and assump tions. We pro vide an over view of our 
method along with a full list of data sources in Appendix A and com par i sons with the 
dif fer ent assump tions used by DHS and Pew in Appendix B (see online appen dix).

For the pur poses of devel op ing a resid ual esti mate, we dis tin guish among three 
foreign-born groups, as shown inBox 1.Thefirst, the unau tho rized for eign-born 
pop u la tion—or U—includes indi vid u als who entered the coun try with out inspec tion and 
those who arrived legally with tem po rary visas (e.g., stu dent, tour ist, tem po rary worker) 
but overstayed or oth er wise vio lated the terms of their visas. We also include for eign-
bornindividualswhohavereceivedanofficial,temporaryreprievefromdeportationbut
oth er wise resem ble unau tho rized immi grants demo graph i cally—for instance, Temporary 
Protected Status (TPS) recip i ents, Deferred Action for Childhood Arrival (DACA) par tic-
i pants, and asy lum appli cants with work autho ri za tion. For esti ma tion pur poses, we limit 
this group to those who arrived in the coun try in 1982 or later, with the ratio nale that most 
immi grants who arrived before 1982 would have been legal ized because they were eli-
gi ble for amnesty under the Immigration Reform and Control Act of 1986 (IRCA). This 
groupofpost-1982entrantswhoareunauthorizedcannotbeidentifieddirectlyinadmin-
is tra tive records or cen sus data.

The sec ond group, the legal per ma nent res i dent/nat u ral ized/human i tar ian pop u-
la tion, includes all  nat u ral ized cit i zens; legal per ma nent res i dents (LPRs, or “green 
card” hold ers); and immi grants with human i tar ian sta tuses, such as ref u gee or asylee, 
who have yet to adjust to LPR sta tus. Like the unau tho rized for eign-born, we limit 
this group to those who arrived in the coun try in 1982 or later. This group can be esti-
mated using admin is tra tive data.

Finally, the third group, all  other for eign-born, includes non im mi grants admit-
ted law fully with tem po rary visas (such as inter na tional stu dents, H-1B high-skilled 
work ers, and H-2A agri cul tural work ers) and all  for eign-born per sons who arrived in 
thecountrybefore1982.Pre-1982arrivalscanbeidentifieddirectlyintheACS,while
nonimmigrantscanbeidentifiedindirectlyfromtheircharacteristicsintheACS.

As just noted, the unau tho rized for eign-born pop u la tion can not be esti mated 
directly. However, the com bined unau tho rized and LNH pop u la tions (C = U + LNH) 
can be esti mated using the ACS by exclud ing the “other for eign-born” (non im mi-
grants and pre-1982 arriv als) from tab u la tions of the total for eign-born pop u la tion. 
Additionally, the num ber of LNH for eign-born can be esti mated using admin is tra tive 
data. Therefore, after cer tain adjust ments are made, the unau tho rized for eign-born 
pop u la tion can be esti mated by sub trac tion (U = C – LNH).

Estimation occurs in four steps. First, we use the ACS (Ruggles et al. 2020) to 
esti mate the com bined unau tho rized and LNH pop u la tions (C), disaggregated by sex 
(s), region or coun try of birth (r), birth cohort (c), year of entry (y), and year (t). To 
obtain these esti ma tes, we tab u late the for eign-born pop u la tion for each demo graphic 
sub group using the ACS. Our sam ple includes all  per sons of for eign par ent age born 
out side of the United States or out ly ing areas except those in the third “other for eign-
born” group in Box 1. We drop this group (i.e., non im mi grants and those who arrived 
intheUnitedStatesbefore1982)fromthesample.Nonimmigrantscanbeidentified
in the ACS and other sur vey data with some pre ci sion. They include non cit i zens 
whose occu pa tions, immi gra tion his to ries, and fam ily/house hold char ac ter is tics are 
congruentwiththeeligibilitycriteriaforspecificnonimmigrantvisacategories.For
example,internationalstudents(F-1visaholders)canbeidentifiedfromageofarrival
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to the United States, full-time school enroll ment, and lack of full-time employ ment. 
H-2Aworkerscanbeidentifiedonthebasisofyearsinthecountry,countryofbirth
(nearly all  are Mex i can-born), and agri cul tural employ ment, while H-1B high-skilled 
workerscanbeidentifiedfromtheireducationalattainment,yearsinthecountry,and
employ ment in cer tain occu pa tions such as infor ma tion tech nol ogy work ers, engi-
neers,researchers,anddoctorsandsurgeons.Totalsofnonimmigrantsidentifiedin
the ACS are com pa ra ble with admin is tra tive data from DHS.

The sec ond step involves esti mat ing the LNH for eign-born pop u la tion who arrived 
in the coun try in 1982 or later. To do so, we start by com pil ing admin is tra tive data 
onthenumberoflegaladmissionsorentrantsforeachyearsince1982.Wespecifi-
cally use LPR admis sions data from DHS, disaggregated by sex (s), region or coun try 
of birth (r), birth cohort (c), year of entry (y), and year of admis sion (a). We add to 
these data an esti mate of the num ber of law fully pres ent ref u gees, asylees, and other 
human i tar ian entrants who have not yet adjusted to LPR sta tus, sim i larly disaggre-
gated. We next pro ject each admis sion cohort for ward from year of admis sion (a) to 
the cur rent year (t), to yield a stock esti mate of the LNH pop u la tion:

   
 

LNHsrcyat = Asrcya −
i=a

i= t
∑ (Dsrcyi + Esrcyi ),

 
(1)

where A is the num ber of LNH admis sions or entrants in year a, D is the annual num-
ber of deaths, and E is the annual num ber of emi grants. D and E are derived from a set 

Box 1 Components of the Foreign-Born Population

Unauthorized for eign-born pop u la tion, arrived 1982–pres ent (U)

   •    Entered with out inspec tion (pre dom i nantly across the U.S.–Mexico bor der)
   •    Overstayed a valid visa (e.g., tour ist, stu dent, or tem po rary work visa)
   •    Temporary Protected Status (TPS) recip i ents
   •    Deferred Action for Childhood Arrival (DACA) par tic i pants
   •    Asylum appli cants whose claims have not yet been approved

Legal per ma nent res i dent/nat u ral ized/human i tar ian, arrived 1982–pres ent (LNH)

   •    Legal per ma nent res i dents (LPRs)
   ○AdmittedintotheUnitedStatesasLPRs
   ○Adjustedfromunauthorized,nonimmigrant,orhumanitarianstatus
   •    Naturalized cit i zens
   ○ MostLPRsareeligibletonaturalizeafterfiveyearsinthatstatus
   ○ ThosemarriedtoU.S.citizensareeligibletonaturalizeafterthreeyears

in sta tus
   •    Refugees, asylees, and other human i tar ian immi grants with law ful sta tus but 

who have not yet adjusted to LPR sta tus

Other for eign-born (O)

   • Nonimmigrant visa hold ers (e.g., inter na tional stu dents; H-1B, H-2A, 
H-2B, L, and O tem po rary work ers)

   •    Pre-1982 arriv als

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/58/6/2315/1428627/2315vanhook.pdf by guest on 03 June 2024



2319Size of the Unauthorized Foreign-Born U.S. Population

of assumed mor tal ity (m) and emi gra tion (g) rates among the LNH for eign-born mul-
ti plied by the size in year i of the cohort that was admit ted in year a.1 Even though the 
LNHforeign-bornbecomeeligibletonaturalizeafterfiveyearsinLPRstatus(three
years if mar ried to a U.S. cit i zen), we do not con struct sep a rate esti ma tes of those 
who nat u ral ized and those who remained non cit i zens in our meth od ol ogy; doing 
so would unnec es sar ily intro duce error into the esti ma tes owing to known biases in 
self-reports of cit i zen ship sta tus (Brown et al. 2019; Van Hook and Bachmeier 2013).

Equation (1) dem on strates that the esti mate of the LNH pop u la tion is sub ject to 
uncer tainty in assump tions about the mor tal ity and emi gra tion rates, and that sys tem-
atic errors in assump tions about mor tal ity and emi gra tion rates (which are contained 
within the sum ma tion sign) accu mu late over time. If the annual emi gra tion rate were 
too large, for exam ple, this would con trib ute to over es ti ma tes of the annual num ber 
of LNH for eign-born leav ing the coun try, and the error in the cumu la tive num ber of 
emi grants would grow as time elapses since admis sion.

In the third step, the LNH pop u la tion is subtracted from the com bined unau tho-
rized and LNH pop u la tions to yield an esti mate of the unau tho rized immi grant pop-
u la tion. These esti ma tes are disaggregated by sex (s), region or coun try of birth (r), 
birth cohort (c), year of entry (y), and year (t). An impor tant part of this step is to 
adjust the esti ma tes for the extent that the ACS underrepresents both the LNH (eLNH) 
and unau tho rized for eign-born pop u la tions (eu). We refer to the under rep re sen ta tion of 
groups in the ACS as “cov er age error,” whereby cov er age error = (Population – ACS 
Estimate) / (Population).Weobtainestimatesofcoverageerrorfrompriorresearchand
apply them to the com po nents of the resid ual esti mate:

 
Usrcyt =

Csrcyt − LNHsrcyt (1− eLNH )
1− eu

.
 

(2)

The LNH pop u la tion (LNHsrcyt )  is derived from admin is tra tive records and there fore is 
unaf fected by cov er age error. However, the com bined unau tho rized and LNH pop u la-
tion (Csrcyt )  is derived from ACS data and could be too low because of cov er age error. 
Before subtracting the LNH pop u la tion from the com bined pop u la tion, we adjust 
the LNH pop u la tion down ward (by mul ti ply ing by 1− eLNH )  to reflect the number
represented in the ACS. As a result, the numer a tor of Eq. (2) is the unau tho rized 
pop u la tion represented in the ACS,whichwefinallyadjustupwardbydividingby1–eu 
to yield the total unau tho rized pop u la tion. Note that a higher cov er age error of either 
theunauthorizedortheLNHpopulationwouldinflatetheunauthorizedpopulation.

The fourth andfinal step involves smoothing theunauthorizedpopulation esti-
ma tes to account for heaping in reported year of entry every 10 years (i.e., around 

1 We assume that mor tal ity and emi gra tion occur con tin u ously through out time, so our for mula is the inte-
gral of the func tion of deaths and emi grants for a pop u la tion that is con tin u ously decremented by death and 
emi gra tion over the course of each year dur ing the pro jec tion period. Depending on the avail  able detail in 
emi gra tion and mor tal ity rates, these cal cu la tions can be made sep a rately by age (i – c), sex (s), coun try or 
region of birth (r), dura tion of res i dence (i – y), and year (i), as fol lows:

Dsrcyi =
LNHsrcyi  ms,r ,i−c,i− y ,i

−ms,r ,i−c,i− y ,i − gs,r ,i−c,i− y ,i
⋅ (exp(−ms,r ,i−c,i− y ,i − gs,r ,i−c,i− y ,i )−1)

 

Esrcyi =
LNHsrcyi  gs,r ,i−c,i− y ,i

−ms,r ,i−c,i− y ,i − gs,r ,i−c,i− y ,i
⋅ (exp(−ms,r ,i−c,i− y ,i − gs,r ,i−c,i− y ,i )−1). 
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1990, 2000, and 2010) to ensure con ti nu ity in entry and birth cohorts over time, and 
to reduce the inci dence of neg a tive pop u la tion esti ma tes.

A Simple Simulation

Although many observ ers see cov er age errors in the ACS and other sur veys as the 
major chal lenge for resid ual esti ma tes, the resid ual method also relies heavily on 
assump tions about the emi gra tion and mor tal ity of the LNH for eign-born pop u la tion. 
Indeed, emi gra tion and mor tal ity are key fac tors in deter min ing the size of the LNH 
pop u la tion, which is subtracted from the com bined unau tho rized and LNH for eign-
born pop u la tions to derive the esti mate of unau tho rized immi grants. Higher esti ma-
tes of cov er age error for unau tho rized immi grants and higher esti ma tes of cov er age 
error, emi gra tion, and mor tal ity among the LNH for eign-born all  result in higher 
resid ual esti ma tes. But which fac tors mat ter the most?

The effect of these assump tions can be assessed using a sim ple sim u la tion. Imag-
ine that 1,000 LNH for eign-born indi vid u als are admit ted each year. Similar to actual 
rates in the United States (Baker 2021), 1% of them emi grate each year, 0.1% die 
each year, and cov er age error is 1% among the LNH for eign-born and 10% among 
unau tho rized immi grants. After 35 years, 35,000 for eign-born indi vid u als are enu-
mer ated in a cen sus sur vey and this num ber increases by 1.5% annu ally. Under these 
assump tions, we would esti mate 6,934 unau tho rized immi grants. This is referred to 
as the “original estimate” in Table 1 (panel A, row 1).

Now imag ine that these assump tions were 50% higher. The esti mate of the unau-
tho rized pop u la tion would increase by 36% if the emi gra tion rate for the LNH pop-
u la tion increased by 50% (row 4), but only by 6%, 2%, and 4%, respec tively, if the 
other assump tions increased by 50% (rows 2, 3, and 5). This sim u la tion shows that 
the resid ual esti mate is espe cially sen si tive to changes in emi gra tion rates.

Emigration rates have the larg est impact because they are applied to the LNH pop-
u la tion each year over the 35-year pro jec tion period, so their impact accu mu lates over 
time. While mor tal ity rates are also applied over 35 years, they have less impact on the 
result because they are much lower (0.1% vs. 1% annu ally). This point is illus trated 
in panel B of Table 1, which pro jects the sce nar ios in panel A for ward in time—40, 
45, and 50 years after the ini tial starting point of the sim u la tion. When the assumed 
emi gra tion rate increases by 50%, the per cent age dif fer ence from the orig i nal esti mate 
grows over time: 49% after 40 years, 61% after 45 years, and 70% after 50 years. In 
con trast, when cov er age error or mor tal ity rates increase by 50%, the per cent age dif-
fer ence from the orig i nal esti mate remains low and nearly con stant over time.

This sim ple illus tra tion reveals an impor tant point. Residual esti ma tes are par tic u-
larly sen si tive to small changes in the emi gra tion rate of the LNH pop u la tion. Mortality 
assumptionscouldalsobecomeinfluentialasU.S.residenceincreasesandmortality
rates rise, par tic u larly for older immi grant cohorts.2 Coverage-error assump tions do not 
influencetheestimatesasmuchbecausechangesincoverageassumptionsareapplied

2 This point can also be shown math e mat i cally. The LNH pop u la tion at time t, where t is the num-
ber of years fol low ing admis sion and the mor tal ity and emi gra tion rates are con stants, can be expressed as 
LNHt = A ⋅exp t(−m− g)⎡⎣ ⎤⎦.  If g is too low by .01, then LNHt is overestimated by a fac tor of exp t(.01)⎡⎣ ⎤⎦. Since 
the error is mul ti plied by t in the expo nent, errors in mor tal ity and emi gra tion rates are compounded over time.
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only once in the model; they do not accu mu late over time. Of course, this sim ple illus-
tra tion may not hold under more real is tic con di tions. Of note, this illus tra tion does not 
account for the fact that emi gra tion rates tend to decline with increased dura tion of res-
i dence, which may off set the ten dency for errors in emi gra tion rates to accu mu late over 
time since admis sion. Additionally, the impor tance of cov er age error may decline over 
time as the unau tho rized pop u la tion grows older, accrues more years of U.S. res i dence, 
and is more likely to be represented in house hold sur veys.

A Plausible Range of Residual Estimates Under Realistic Conditions

We next approx i mate the plau si ble range of resid ual esti ma tes for the unau tho rized 
foreign-bornpopulationundermorerealisticconditions.Todothis,wefirstreview,and
update as nec es sary, prior research on cov er age error, emi gra tion, and mor tal ity. We pay 
atten tion not just to the lev els of these assump tions, but also to the degree of var i a tion 
among plau si ble esti ma tes, which we inter pret as an indi ca tion of uncer tainty. We spe-
cificallyusethestandarddeviationacrossplausiblevaluesofeachassumptioninprior
research to pro duce prob a bil ity dis tri bu tions for each assump tion. We draw ran dom 
val ues from these dis tri bu tions to use as inputs for resid ual esti ma tes.

Coverage Error

The resid ual method relies on cov er age-error esti ma tes for both the unau tho rized and the 
LNH for eign-born pop u la tions, in that higher lev els of cov er age error for either pop u la-

Table 1 Illustration of the effects of assump tions about cov er age error, emi gra tion, and mor tal ity

Panel A: Unauthorized  
Foreign-Born,  

35 Years After Baseline
Panel B: Percentage  

Difference After Baseline

No. of  
Unauthorized 
Foreign-Born

Percentage 
Difference From 
Original Estimate 40 Years 45 Years 50 Years

(1) Original esti matea 6,934
If assump tions increased by 50%:
(2) Coverage error among unau tho rized  

for eign-born (10%–15%) 7,341 6 6 6 6
(3) Coverage error among LNH  

for eign-born (1.0%–1.5%) 7,095 2 3 3 3
(4) Emigration rate among LNH  

for eign-born (1.0%–1.5%) 9,409 36 49 61 70
(5) Mortality rate among LNH  

for eign-born (.0010–.0015) 7,194 4 5 7 7

a Based on the sce nario in which there are 1,000 LNH admis sions each year, 10% cov er age error among 
unau tho rized immi grants, 1% cov er age error among LPRs, 1% emi gra tion rate among LNH for eign-born, 
and 0.1% mor tal ity rate among LNH for eign-born; in addi tion, the cen sus enu mer ates 35,000 for eign-born 
35 years after base line, and the enu mer ated for eign-born pop u la tion increases by 1.5% each year. LNH = 
LPR/nat u ral ized/human i tar ian.
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tion would lead to a higher esti mate of the unau tho rized pop u la tion. In the ACS and sim-
i lar nation wide sur veys, cov er age error occurs when peo ple are missed because they fail 
torespondtosurveytakers;theyrespondbutprovideinsufficientorinaccurateinforma-
tion about their demo graphic char ac ter is tics (in this case, their place of birth and cit i zen-
ship); or they live in non res i den tial or uncon ven tional loca tions. Coverage error could 
beparticularlyhighamongunauthorizedimmigrantsbecausetheymaybemoredifficult
to locate (e.g., they live in agri cul tural worker bar racks or crowded mul ti fam ily hous ing 
units), or they may attempt to avoid detec tion owing to fear of gov ern ment author i ties.

Most prior research on the cov er age error for unau tho rized immi grants has focused 
onMexicans,thelargestnational-origingroupamongthem.Therefore,wefirstreview
the evi dence about Mex i cans before explaining how we extrap o late these results to 
other groups. In gen eral, this research com pares the pop u la tion counted in the U.S. 
Census or ACS with an inde pen dent esti mate of the same pop u la tion derived or inferred 
from noncensus data sources, such as birth or death reg is tra tions, inde pen dent sur veys, 
eth no graphic stud ies of neigh bor hoods with large shares of unau tho rized immi grants, 
and esti ma tes of Mex i cans liv ing in the United States as derived from Mex i can cen sus 
data. The idea is that the unau tho rized for eign-born pop u la tion leaves “foot prints” in 
sta tis ti cal and admin is tra tive record sys tems even if they do not will ingly par tic i pate in 
officialU.S.Censusandsurveycollectionefforts(Gelattetal.2018).

In 1990, eval u a tions of the rate of cov er age error for the Mex i can unau tho rized 
immi grant pop u la tion fell in the range of 15% to 35% (Corona Vasquez 1991; de 
la Puenta 1992;U.S.GeneralAccountingOffice1993; Van Hook and Bean 1998) 
andremainedinthisrangeuntilthemiddleofthe2000–2009decade(Genonietal.
2012; Hill and Wong 2005). Warren’s recent anal y sis (2020)supportsthesefindings.
He exam ined the decline in cohort sizes (after account ing for mor tal ity) between the 
1990 and 2000 Mex i can censuses and found that about 5.5 mil lion peo ple left Mexico 
dur ing the 1990s. The 2000 U.S. Census counted 4.5 mil lion such indi vid u als, imply-
ing a cov er age-error rate of 18% for 2000.

However, on the basis of their ana ly ses of U.S. death records and Mex i can cen sus 
data, Van Hook and col leagues (2014) found evi dence that cov er age error declined sub-
stan tially dur ing the lat ter half of the 2000–2009 decade. Declining cov er age error was 
appar ently asso ci ated with sub stan tial reduc tions in shorter term unau tho rized immi-
grantlaborersduringtheGreatRecession(particularlyinthehard-hitsectorsofcon-
struc tion and ser vices)—a group that is likely to be harder to count than lon ger term, 
more set tled unau tho rized immi grants. By 2010, cov er age-error rates for the unau tho-
rized Mex i can-born pop u la tion were esti mated to be below 8%. These esti ma tes are 
some what lower than the cov er age-error assump tions made by DHS (10%) and Pew 
(13%)3 in the past, although Pew now assumes sim i larly low lev els of cov er age error.

3 DHS rested its assump tion about cov er age error on a sur vey conducted in Los Angeles that was then 
com pared to 2000 census counts (Marcelli and Ong 2002). Pew also based its assump tion on the 2000 
census, with cov er age error cal cu lated by incor po rat ing data from the Census Bureau’s Accuracy and 
Coverage Evaluation (ACE) post-enu mer a tion sur vey (U.S. Census Bureau 2003). Like pre vi ous such 
surveys, the2000ACEre-intervieweda stratified sampleofhouseholds shortly following thedecennial 
cen sus. Respondents in the post-enu mer a tion sur vey were matched to cen sus respon dents in order to assess 
rates of omis sion, dupli ca tion, and net cov er age error. Although the ACE did not pro duce sep a rate esti ma tes 
fortheforeign-born,thePewHispanicCenterusedtheACEtoarriveata13%figurebyassumingthecov-
er age error for unau tho rized immi grants was two to three times as high as that for oth ers within the same 
race/His panic ori gin, age, and sex group ing.
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2323Size of the Unauthorized Foreign-Born U.S. Population

To con duct the work presented here, we update Van Hook and col leagues’ (2014) 
esti ma tes of cov er age error with the lat est avail  able Mex i can cen sus data and U.S. death 
records.Wefind evidenceof further declines in coverage error amongwomen, but
small increases among men, between 2010 and 2017. We pro duce these esti ma tes by 
ana lyz ing two dif fer ent data sources: (1) death reg is tra tions of Mex i can-born indi vid-
u als in the United States and (2) net migra tion from Mexico based on Mex i can cen sus 
data. Table 2presentsrangesfortheseestimatestoreflectuncertaintyinthemortality
rate of Mex i can immi grants and cov er age error in the Mex i can cen sus. The meth od-
ol ogy under ly ing these esti ma tes is described in Appendix C of the online appen dix.

We next extrap o late the esti ma tes for Mex i cans to non-Mex i cans and adjust lev els of 
cov er age error to account for likely var i a tion by year and dura tion of res i dence in three 
ways. First, we lin e arly inter po late val ues for the years not shown in Table 2 (see Table 
C2 in the online appen dix). Second, we assume that cov er age error for Lati nos was 
thesameasforMexicans,butthatcoverageerrorfornon-Latinos(chieflythosefrom
Africa, Europe, and Asia) was 25% lower than the val ues shown in Table 2. We make 
this assump tion because almost all  non–Latin Amer i can unau tho rized immi grants over-
stay their visas rather than enter the coun try ille gally and tend to be more highly edu-
cated and there fore live in bet ter hous ing. Both of these fac tors make them more likely 
to be represented in ACS and cen sus data. This is also con sis tent with esti ma tes pro-
duced by the U.S. Census Bureau for 2010 (Jensen et al. 2015), show ing that  cov er age 
error for the His panic for eign-born pop u la tion is much higher than for the non-His panic 
for eign-born pop u la tion. Third, we assume that recent arriv als (those with fewer than 
fiveyearsofU.S.residence)havecoverage-errorratesthatarethreetimesashighas
rates for lon ger term res i dents (10 or more years of res i dence), con sis tent with evi dence 
of high cov er age error among recent arriv als (Van Hook et al. 2014).

To esti mate uncer tainty in cov er age error among unau tho rized immi grants, we use 
the stan dard devi a tions in Table 2 to pro duce prob a bil ity dis tri bu tions of cov er age error 
from 2000 to 2018. We use a gamma func tion to con strain the dis tri bu tion to pos i-
tive val ues. Figure 1 pro vi des an exam ple of the prob a bil ity dis tri bu tion of cov er age 
error for Mex i can men in 2018 (aver age = 10%, SD = 3%). When aver aged across all  
demo graphic groups, the mean cov er age error of unau tho rized immi grants is 18.9% 
(SD = 10.0%) in 2005; 5.8% (SD = 3.8%) in 2010; and 5.1% (SD = 3.2%) in 2018.

Finally, although we know less about cov er age error among the LNH pop u la tion, 
we assume that it is low given that net cov er age error was vir tu ally zero for the entire 

Table 2 Summary of esti ma tes of cov er age error for Mex i can unau tho rized for eign-born adults

Estimate 2000 2005 2010 2015 2018

Average Estimates
 All 16 20 8 4 5
 Women aged 15–64 20 23 5 1 1
 Men aged 15–64 20 19 7 8 10
Standard Deviation of Estimates
 All 8 7 9 4 4
 Women aged 15–64 9 2 10 5 5
 Men aged 15–64 12 6 5 3 3

Note: Estimates are aver ages, and SDs are of high and low esti ma tes of death reg is tra tion and net migra-
tion meth ods.
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U.S. pop u la tion and only 1.54% for all  His pan ics in 2010 (Mule 2012). DHS and Pew 
both esti mate cov er age error among the LNH pop u la tion to be 1.5%, so we assume 
the same but with a stan dard devi a tion of 0.5% to account for uncer tainty.

Emigration

Besides cov er age error, the resid ual method relies on esti ma tes of emi gra tion among 
the LNH pop u la tion; emi gra tion rates are needed to esti mate how many in this pop u-
la tion left the coun try fol low ing their admis sion. Higher lev els of emi gra tion lead to 
lower esti ma tes of the LNH pop u la tion and cor re spond ingly higher esti ma tes of the 
unauthorizedpopulation.Unfortunately,officialgovernmentstatisticsonemigration
from the United States have not been published since 1956, mainly owing to con-
cerns about the incom plete ness and poor qual ity of emi gra tion admin is tra tive records 
(Kraly 1998). Therefore, out of neces sity, for eign-born emi gra tion has been esti mated 
with a vari ety of indi rect demo graphic meth ods.

The U.S. Census Bureau esti ma tes net emi gra tion using a resid ual method (not 
to be con fused with the resid ual method for esti mat ing the unau tho rized for eign-
born). This method com pares the size of for eign-born cohorts between two decen nial 
censuses or sur veys after adjusting for mor tal ity, yield ing esti ma tes of emi gra tion 
among the entire for eign-born pop u la tion. Residual-based esti ma tes of the annual 
for eign-born emi gra tion rate tend to fall between 1% and 1.2% (Warren and Peck 
1980: 1.2%; Ahmed and Robinson 1994: 1.2%; and Mulder 2003: 0.9%). A lim i ta-
tion of this method is its inabil ity to esti mate emi gra tion for recent entrants (i.e., those 
arriv ing dur ing the period between the two decen nial censuses). Borjas and Bratsberg 
(1996) over came this prob lem by using immi grant-admis sion records col lected over 
multipleyearsinplaceofthefirstcensus.Theirestimatesimplyannualemigration

Fig. 1 Probability distribution of coverage error for unauthorized Mexican men, 2018
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ratesof3.8%inthefirstfiveyearsand0.8%inthesecondfiveyearsofU.S.resi-
dence. Leach and Jensen (2013) also over came this prob lem by track ing the size of 
immi grant entry cohorts across adja cent years of the ACS. They too found higher 
annual rates of emi gra tion for recently arrived immi grants: 0.6% for all  immi grants 
and 1.3% among those in the coun try less than 10 years, which implies an annual rate 
of about 0.4% for lon ger term res i dents. Leach (2017) later revised these esti ma tes 
upward, imply ing rates of 0.8%, 1.8%, and 0.5%, respec tively.

Other research ers have used linked admin is tra tive records to esti mate emi gra tion 
lev els and rates among LPRs and nat u ral ized cit i zens. Jasso and Rosenzweig (1982) 
linked immi grant admis sions data from 1971 (which con tain a record for all  immi grants 
who were granted LPR sta tus in that year) to data from the now defunct Alien Address 
ReportProgram,findinganannualemigrationrateof2.1%.Duleep(1994) used Social 
Security Administration (SSA) records matched across years to esti mate the emi gra-
tion of all  immi grants with work autho ri za tion, whereby a dis con tin u a tion in earn ings 
across mul ti ple years (with out retire ment) was interpreted as emi gra tion. She found that 
about30%oftheimmigrantsintheSSAearningsfileeventuallyemigrated,implying
anannualemigrationrateof2.8%inthefirstdecadeofU.S.residencebutlessthan
1% in sub se quent decades. More recently, Schwabish (2009) used a sim i lar approach 
toestimateemigrationamongimmigrantsintheSSAearningsfile,findingsomewhat
lowerlevelsofemigration:1.3%overalland2.3%inthefirstdecadeofU.S.residence.4

Our resid ual esti ma tes require esti ma tes of emi gra tion for the LNH for eign-born 
population.Nopublishedemigrationratesperfectlyalignwiththisspecificpopula-
tion, but we selected the emi gra tion rates pertaining to immi grants in the SSA earn ings 
file.Althoughthisfileincludessomeunauthorizedimmigrantswhohavefraudulent
Social Security num bers, and some clas ses of non im mi grants who do not even tu ally 
adjust to LPR sta tus, it excludes a greater share of both of these types of immi grants 
than does the ACS—the basis for other esti ma tes of emi gra tion such as those pro-
duced by the Census Bureau.5ThissuggeststhattheSSAearningsfilemaybeamore
accu rate source of infor ma tion about emi gra tion of the LNH for eign-born pop u la tion.

Among the SSA-based emi gra tion rates, we choose those by Schwabish because 
they are the most recent and because he pro vided us with a pre dic tion model of the 
annual prob a bil ity of emi gra tion, which we use to pro duce annual emi gra tion rates 

4 A third approach for esti mat ing for eign-born emi gra tion is to ana lyze lon gi tu di nal sur veys; exam i na tion of 
lon gi tu di nal data allows one to infer emi gra tion by assessing attri tion from the sur vey (Borjas 1989; Reagan 
and Olsen 2000; Van Hook et al. 2006).However,itisdifficulttoseparateemigrationfromotherreasonsfor
attri tion, such as fail ure to recontact par tic i pants and par tic i pant non re sponse, lead ing to some of the highest 
esti mated rates of emi gra tion in the lit er a ture. For exam ple, Van Hook and col leagues (2006) found an annual 
emi gra tion rate of 2.9% over all in an anal y sis of the rotat ing pan els of the Current Population Survey.
5 Nonimmigrants who have Social Security num bers include a mix of vis i tors who stay for short peri ods 
and those who stay lon ger and may even tu ally adjust to LPR sta tus. H-2B non ag ri cul tural work ers are 
admit ted sea son ally and there fore gen er ally stay in the United States for less than a year. H-1B high-skilled 
work ers, by con trast, are admit ted for three-year peri ods and may renew once (for a total of six years), unless 
theyapplytoadjusttoLPRstatus,inwhichcasetheycanrenewindefinitely.(Dataontheproportionwho
stay lon ger and apply to become LPRs are not avail  able.) International stu dents who stay past their period 
of study to work under the Optional Practical Training pro gram may later adjust their sta tus to H-1B or 
another high-skilled non im mi grant visa and even tu ally to LPR sta tus. Despite these poten tial dif fer ences in 
lengthofstayamongnonimmigrants,theirsmalltotalnumbermeanstheyhaverelativelylittleinfluenceon
emigrationrates,particularlyforthelawfullypresentpopulationwithmorethanfiveyearsofU.S.residence.
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bro ken down by age, sex, dura tion of res i dence, and coun try or region ori gin.6 We 
adjustSchwabish’sestimatestoaccountforannualtrendsinemigration.Wespecifi-
cally use the ACS to pro duce annual resid ual esti ma tes by coun try or region of birth 
from 2005 to 2018 fol low ing Leach’s (2017) meth od ol ogy. Emigration among the 
foreign-borntendedtobelowintheyearsbeforetheGreatRecessionbutincreased
between 2007 and 2009, fell between 2010 and 2014, and then increased again after 
2015.Weadjust theSchwabishestimates toaccount forannualfluctuationswhile
maintaining the aver age prob a bil ity of emi gra tion by age, sex, and dura tion of res i-
dence as des ig nated by Schwabish’s pre dic tion model (esti ma tes are shown by region 
of birth, year, and dura tion of res i dence in Table 3).

To esti mate the level of uncer tainty in emi gra tion among the LNH for eign-born, we 
exam ine the var i a tion in esti ma tes in prior lit er a ture. If we con sider all  of the stud ies 
citedabove,thestandarddeviationoftheestimatesis0.75%.However,ifweconfine
our selves to stud ies of immi grants who attained LPR sta tus or are pres ent in the SSA 
earnings file (the group of greatest relevance), the standard deviation is 0.42%; if
only the cen sus stud ies are con sid ered, the stan dard devi a tion drops fur ther to 0.26%. 
Because of our focus on emi gra tion among the LNH pop u la tion, we select a mod er-
ate level of uncer tainty. We cen ter the prob a bil ity dis tri bu tion around the Schwabish, 
trend-adjusted emi gra tion rate, and we set the stan dard devi a tion of the prob a bil ity 
dis tri bu tion at half the level of the emi gra tion rate, and again, we use a gamma dis-
tri bu tion to con strain the dis tri bu tion to pos i tive val ues. When aver aged across all  
demo graphic groups, the mean emi gra tion rate of the LNH pop u la tion was 1.1% 
(SD = 0.53%) in 2005; 1.1% (SD = 0.56%) in 2010; and 1.8% (SD = 0.9%) in 2018.

Mortality

Finally, the resid ual method relies on esti ma tes of mor tal ity among the LNH pop u la-
tion. Higher mor tal ity rates lead to lower stock esti ma tes of the LNH pop u la tion and 
a higher esti mate of the unau tho rized pop u la tion.

Most research ers who pro duce resid ual esti ma tes assume that the LNH pop u la-
tionhasthesameage-andsex-specificmortalityratesastheU.S.population.But
given the well-documented mor tal ity advan tage of immi grants (Hummer et al. 2000; 
Riosmena et al. 2017), we adjust the U.S. mor tal ity rates down ward; the adjust-
ments are based on our anal y sis of the 1997–2009 National Health Interview Survey 
(Blewett et al. 2019).WefirstestimateCoxproportionalhazardmodelspredicting
the haz ard of dying as a func tion of region of birth (Latino, Asian, and other for eign-

6 We grate fully acknowl edge the assis tance of Jonathon Schwabish for pro vid ing his dis crete-time event- 
his tory model (logis tic regres sion) predicting the odds of emi grat ing in a given year. The model was esti mated on 
aperson-yearfilethatcontainsarecordforeveryforeign-bornSocialSecurityrecipientfromthetimeofentry
intotheSocialSecuritysystemuntilemigrationorcensorship.Weusethecoefficientstocalculatethelog-odds
of annual emi gra tion for each demo graphic group, which we then con vert to predicted prob a bil i ties (i.e., annual 
emi gra tion rates). The pre dic tion equa tion is: log-odds(emi gra tion) = −7.59 + male(.05449) + age(.19721) +  
age-square(–.002) + Central  Amer i can(–.440) + Carib bean(.017) + S.  Amer i can(–.130) + Euro pean/ 
Cana dian/Aust(.526) + Asian(–.025) + Other(.133) + 5–9 Years US res(–.830) + 10–15 years US res(−1.273) + 
16–20 years US res(−1.650) + 21 + years US res(−2.900).
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Table 3 Estimated emi gra tion rates for LNH for eign-born by coun try/region of birth, year, and dura tion 
of U.S. res i dence

Country/Region and Year

Duration of U.S. Residence (years)

0–4 5–9 10–14 15–19 20+

Mexico
 2000–2004 0.026 0.015 0.009 0.010 0.012
 2005–2009 0.022 0.011 0.006 0.006 0.007
 2010–2014 0.029 0.015 0.006 0.007 0.009
 2015–2018 0.035 0.019 0.007 0.008 0.009
Central America
 2000–2004 0.022 0.015 0.011 0.013 0.013
 2005–2009 0.016 0.009 0.005 0.005 0.006
 2010–2014 0.016 0.009 0.004 0.004 0.004
 2015–2018 0.016 0.009 0.004 0.004 0.004
Carib bean
 2000–2004 0.026 0.019 0.018 0.023 0.023
 2005–2009 0.018 0.012 0.007 0.009 0.011
 2010–2014 0.019 0.011 0.006 0.006 0.008
 2015–2018 0.020 0.013 0.005 0.006 0.006
South America
 2000–2004 0.023 0.022 0.021 0.024 0.023
 2005–2009 0.016 0.010 0.009 0.010 0.011
 2010–2014 0.017 0.009 0.003 0.003 0.004
 2015–2018 0.019 0.012 0.003 0.003 0.004
Europe/Canada/Oceania
 2000–2004 0.026 0.018 0.013 0.017 0.018
 2005–2009 0.030 0.016 0.011 0.011 0.013
 2010–2014 0.034 0.019 0.007 0.006 0.006
 2015–2018 0.035 0.023 0.007 0.007 0.007
Asia
 2000–2004 0.024 0.011 0.005 0.003 0.002
 2005–2009 0.032 0.018 0.009 0.006 0.003
 2010–2014 0.041 0.028 0.015 0.008 0.003
 2015–2018 0.055 0.041 0.027 0.021 0.007
Other
 2000–2004 0.022 0.018 0.015 0.019 0.019
 2005–2009 0.018 0.012 0.008 0.008 0.010
 2010–2014 0.018 0.013 0.005 0.005 0.005
 2015–2018 0.018 0.013 0.005 0.005 0.004

Notes: Estimates are based on the Schwabish (2009) pre dic tion model and adjusted for trends in emi gra-
tion. LNH = LPR/nat u ral ized/human i tar ian.

born vs. U.S.-born), by sex. We then use the esti mated haz ard ratios (see Table 4) to 
adjust the mor tal ity rates for the United States (Human Mortality Database n.d.), thus 
obtainingsex-,age-,andyear-specificratesforLatino,Asian,andotherimmigrants.
Uncertainty in these esti ma tes derives pri mar ily from sam pling error, so we use the 
standarderrorsofthecoefficientstodeterminethespreadoftheprobabilitydistribu-
tionofcoefficients,usinganormaldistribution.
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Baseline Residual Estimates

Our assump tions lead to esti ma tes that are sim i lar to those pro duced by oth ers, for 
both the total unau tho rized for eign-born pop u la tion (Figure 2) and the unau tho rized 
Mex i can-born pop u la tion (Figure 3). On closer inspec tion, how ever, our esti ma tes 
of the total tend to be higher than DHS and Pew esti ma tes in 2005 and 2006 and 
lower than their esti ma tes between 2010 and 2015. Our esti ma tes of the unau tho rized 
Mex i can-born pop u la tion fol low a sim i lar pat tern, except that they closely con form 
with Pew esti ma tes between 2010 and 2015. Our 2005–2018 esti ma tes dif fer from 
the oth ers by about 756,000 (6.8% of the aver age) for the total unau tho rized for eign-
born pop u la tion and by about 424,000 (6.7% of the aver age) for the unau tho rized 
Mex i can-born pop u la tion. Estimates by coun try or region of birth also dif fer some-
what. For exam ple, our method esti ma tes more Mex i cans and Euro pe ans/Cana di ans 
than the Pew method (Figure 4). We could not com pare our esti ma tes with DHS esti-
ma tes because of inconsistencies in coun try/region categories.

Are these dif fer ences mean ing ful, or do they fall within a range of equally plau si-
ble esti ma tes? We turn to this ques tion next.

Plausible Range of Residual Estimates

To ascer tain the uncer tainty of resid ual esti ma tes, we draw ran dom val ues from the 
dis tri bu tions of assump tions and use them to cal cu late resid ual esti ma tes. We repeat 
the pro cess 1,000 times to obtain a dis tri bu tion of resid ual esti ma tes asso ci ated with 
uncer tainty in under ly ing assump tions. To iso late the effects of each assump tion, we 
con duct three dif fer ent sim u la tions, whereby we allow each assump tion—cov er age, 
emi gra tion, and mor tal ity—to vary while hold ing val ues of the remaining assump-
tionsfixedattheiraveragelevels.Finally,togaugethecombinedeffectsofuncer-
tainty, we con duct a fourth sim u la tion in which we allow all  assump tions to vary 
simul ta neously.

Table 4 Cox regression models predicting mortality hazard among U.S. adults aged 18 or older

Hazard Ratio Coefficient SE

Men
 U.S.-born (ref.) — — —
 Foreign-born
  His panic 0.798 −0.226 0.020
  Asian 0.735 −0.308 0.035
  Other 0.661 −0.413 0.021
Women
 U.S.-born (ref.) — — —
 Foreign-born
  His panic 0.770 −0.261 0.020
  Asian 0.728 −0.318 0.035
  Other 0.702 −0.354 0.021

Notes: Models con trol for age and age at inter view. ref. = ref er ence cat e gory. Source: 1997–2009 National 
Health Interview Survey–National Death Index (N = 772,323).
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Fig. 2 Estimates of the unauthorized foreign-born population residing in the United States, 2005–2018. 
Our estimates are averages of 1,000 iterations wherein assumptions for coverage error, emigration, and 
mortality are randomly drawn from postulated distributions; the estimate for 2018 is 10.8 million. How-
ever,whenassumptionsarefixedattheirmeanlevels,the2018estimateis11million.TheDHSestimates
represent results from three different series (2005–2010, 2010–2015, and 2015–2018), which use slightly 
different data and methods.

The resulting dis tri bu tions of resid ual esti ma tes are sum ma rized in Table 5 and 
Figure 5. Table 5displaystheaverageresidualestimatesbyyearinthefirstcolumn
and the stan dard devi a tions of the dis tri bu tions for sim u la tions that vary by cov er age 
error, emi gra tion, mor tal ity, and all  fac tors simul ta neously in the remaining col umns. 
The mag ni tudes of the stan dard devi a tions indi cate dis tri bu tion spread, and hence 
the degree of uncer tainty in the esti ma tes. To fur ther illus trate the uncer tainty in the 
esti ma tes due to uncer tainty in all  three assump tions, Figure 5 depicts the prob a bil ity 
dis tri bu tion of resid ual esti ma tes over time from 2005 to 2018.

The results in Table 5 show that the resid ual esti ma tes are most sen si tive to 
uncer tainty in emi gra tion rates, par tic u larly dur ing the 2010–2018 period, and least 
sen si tive to uncer tainty in mor tal ity rates. As discussed ear lier, uncer tainty about emi-
gra tion in prior research led us to pos tu late a prob a bil ity dis tri bu tion with a stan dard 
devi a tion equal to half the emi gra tion rate; when aver aged across dif fer ent demo-
graphic groups, the stan dard devi a tion of the emi gra tion rates was about 0.65%. In 
2018, this amount of uncer tainty about emi gra tion was asso ci ated with an esti mated 
2.3 mil lion unau tho rized immi grants.

In con trast, prior research on cov er age error led us to pos tu late a prob a bil ity 
dis tri bu tion for the amount of cov er age error with an aver age stan dard devi a tion 
of about 3.2% as of 2018. But because this cov er age-error rate is fac tored in only 
once, instead of annu ally over 36 years, it is asso ci ated with 507,000 unau tho-
rized immi grants in 2018—less than one quarter of the uncer tainty asso ci ated with 
emi gra tion.

Finally, assump tions about mor tal ity have far less impact on the esti ma tes than 
emi gra tion and cov er age error. Mortality rates among the for eign-born are fairly well 
documented yet still sub ject to sam pling error, lead ing us to pos tu late a nar row prob-
a bil ity dis tri bu tion. Moreover, the impact of mor tal ity tends to be small given the 
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youthfulagestructureoftheimmigrantsinouranalysis.Accordingly,wefindthat
a one-stan dard-devi a tion increase in the assumed mor tal ity rate was asso ci ated with 
only an addi tional 25,000 unau tho rized immi grants in 2018.

Looking at ear lier years in the sim u la tions, emi gra tion has not always been the 
most impor tant fac tor. In 2005, the uncer tainty in resid ual esti ma tes asso ci ated with 
emi gra tion (SD = 1,342) was less than the uncer tainty asso ci ated with cov er age error 
(SD = 1,778). However, uncer tainty asso ci ated with cov er age error declined over time 
as the unau tho rized pop u la tion grew more set tled (Van Hook et al. 2014). Additionally, 
uncer tainty asso ci ated with emi gra tion and mor tal ity increased over time because errors 
in these fac tors compounded as they were repeat edly applied to each LPR admis sion 
cohort every year since admis sion, as illus trated in our sim ple sim u la tion in Table 1.

When uncer tainty in all  assump tions was con sid ered simul ta neously, the var i a tion 
across esti ma tes tended to run par al lel to the most uncer tain under ly ing assump tions, 
that is, cov er age error in the ear lier years and emi gra tion in the later years (shown 
in the last col umn of Table 5). Uncertainty ini tially peaked in 2007 (SD = 2,380), 
declined between 2007 and 2010 (SD = 1,472), and then increased again between 
2010 and 2018 (SD =2,232).As of 2018, the 95% confidence interval of plausi-
ble resid ual esti ma tes ranged from 7.0 to 15.7 mil lion, mean ing that there is a 95% 
prob a bil ity that the true value lies within this range (see Figure 5). The interquartile 
range—within which half of the plau si ble esti ma tes lie—is narrower, rang ing from 
9.1 to 12.2 mil lion.

Conclusions

The resid ual method is one of the most com mon ways of esti mat ing the size of the unau-
tho rized for eign-born pop u la tion, but it remains unclear how sen si tive resid ual esti ma tes 

Fig. 3 Estimates of the unauthorized Mexican-born population residing in the United States, 2005–2018. 
Our estimates are averages of 1,000 iterations wherein assumptions for coverage error, emigration, and 
mortality are randomly drawn from postulated distributions. The DHS estimates represent results from 
three different series (2005–2010, 2010–2015, and 2015–2018), which use slightly different data and 
methods.
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Fig. 4 Unauthorized foreign-born by region of birth, 2017 and 2018. Our estimates are averages of 1,000 
iterations wherein assumptions for coverage error, emigration, and mortality are randomly drawn from 
postulateddistributions;theestimatefor2018totals10.8million.However,whenassumptionsarefixedat
their mean levels, the 2018 estimate is 11 million.

aretouncertaintyintheirunderlyingassumptions.Thismakesitdifficulttoassessthe
plau si ble range of esti ma tes of the unau tho rized for eign-born pop u la tion, and whether 
dif fer ences between esti ma tes are mean ing ful. In this arti cle, we pro duced a new series 
of resid ual esti ma tes using the highest qual ity data we could iden tify, and we updated 
and improved assump tions about cov er age error, emi gra tion, and mor tal ity. Beyond this, 
we exam ined the extent that resid ual esti ma tes may plau si bly vary because of uncer-
tainties in their under ly ing assump tions about cov er age error, emi gra tion, and mor tal ity.

The results of our sim u la tions sug gest that the esti ma tes pro duced by Pew and 
DHS, which range from 10.5 to 12 mil lion, may not be mean ing fully dif fer ent from 
one another. These research groups may use slightly dif fer ent assump tions, but their 
esti ma tes fall within a nar row plau si ble range of 9.1 mil lion to 12.2 mil lion, the inter-
quartilerangeinoursimulations.Itwouldbedifficulttoconcludethatoneestimate
is supe rior to another.

Our results also sug gest that it is very unlikely that the unau tho rized for eign-born 
pop u la tion is larger than about 15.7 mil lion. This is impor tant in light of a recently 
published study (Fazel-Zarandi et al. 2018) in which the authors expressed skep-
ticism thata significantportionofunauthorized immigrantsarecounted incensus
data.On the basis of an inflow–outflowestimationmethod, they claimed that the
num ber of unau tho rized immi grants liv ing in the coun try in 2016 was much higher 
than esti mated by the resid ual method—rang ing from 16.7 to almost 30 mil lion, with 
a mid point of 22.1 mil lion (Fazel-Zarandi et al. 2018). The lower bound of their esti-
mate(16.7million)isoutsidetheupperboundofthe95%confidenceintervalpro-
duced by the resid ual method as described in this paper: 7 to 15.7 mil lion. Across the 
1,000 sim u la tions vary ing emi gra tion, mor tal ity, and cov er age-error rates conducted 
for our anal y sis, only 2% yielded esti ma tes of 16 mil lion or higher, and none was as 
high as 22.1 mil lion. Several com men ta tors have already published crit i cal eval u a-
tions of the Fazel-Zarandi et al. study and have shown that its esti ma tes are too high 
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Table 5 Uncertainty in resid ual esti ma tes of unau tho rized for eign-born pop u la tion due to uncer tainty 
in under ly ing assump tions (stan dard devi a tion across 1,000 iter a tions; estimates in 1,000s)

Uncertainty in Residual Estimate Due to Uncertainty in:

Year
Residual 
Estimate

Coverage 
Error Emigration Mortality

All 
Factors

2005 11,713 1,778 1,342 11 2,200
2006 12,070 1,839 1,418 12 2,295
2007 12,220 1,887 1,495 13 2,380
2008 11,080 1,114 1,474 13 1,745
2009 10,591 782 1,516 14 1,568
2010 10,254 498 1,553 15 1,472
2011 10,229 484 1,632 16 1,548
2012 10,249 473 1,709 17 1,626
2013 10,301 458 1,785 18 1,702
2014 10,461 455 1,860 19 1,783
2015 10,577 445 1,933 20 1,861
2016 10,717 480 2,024 22 1,970
2017 10,800 515 2,140 23 2,100
2018 10,773 507 2,271 25 2,232

Note: Residual esti ma tes are aver ages of 1,000 iter a tions wherein assump tions for cov er age error, emi gra-
tion, and mor tal ity are ran domly drawn from pos tu lated dis tri bu tions; the esti mate for 2018 is 10.8 mil lion. 
However,whenassumptionsarefixedattheirmeanlevels,theestimatefor2018is11million.

because it fails to account for the cir cu lar migra tion pat terns of unau tho rized immi-
grants dur ing the 1990s (Capps et al. 2018;Gelattetal.2018; Warren 2018). Our 
eval u a tion of the plau si ble range of resid ual esti ma tes fur ther sup ports these cri tiques.

Finally, our results dem on strate that most of the uncer tainty in resid ual esti ma tes 
derives from uncer tainty in emi gra tion rates among the LNH pop u la tion. Coverage-error 
assump tions mat ter much less, and mor tal ity assump tions scarcely mat ter at all . The 
sen si tiv ity of resid ual esti ma tes to assump tions about emi gra tion stems from a fea ture of 
the resid ual method whereby errors in emi gra tion (and mor tal ity) accu mu late over time. 
Emigration rates (and to a much lesser degree, mor tal ity rates) deter mine the size of sur-
viv ing LNH for eign-born cohorts liv ing in the United States, so that when emi gra tion is 
overestimated, the unau tho rized pop u la tion is also overestimated. In our sim u la tions, a 
one-stan dard-devi a tion increase in the assumed emi gra tion rate (or about half of a per-
cent age point) was asso ci ated with nearly 2.3 mil lion more unau tho rized immi grants in 
2018. Because error in emi gra tion rates accu mu lates from the time of admis sion to the 
pres ent, this type of error will increase in the future. Similarly, emi gra tion errors of unau-
thorized immigrants compoundover time in the inflow–outflowmodel employedby
Fazel-Zarandi and col leagues (2018), greatly affect ing their esti ma tes. Unfortunately, the 
United States does not col lect high-qual ity data on emi gra tion. Researchers have had to 
rely on indi rect meth ods, which tends to lead to incon sis tent and impre cise esti ma tes. It 
would be very easy for emi gra tion esti ma tes to dif fer by half a per cent age point or more 
on account of any num ber of seem ingly arbi trary meth od o log i cal deci sions. For exam-
ple, when Leach (2017) updated his ear lier work (Leach and Jensen 2013) , his esti-
mate of the emi gra tion rate among new arriv als (less than 10 years in the United States) 
increased from 1.3% to 1.8%. Moreover, it is pos si ble—even likely—that emi gra tion 
rates vary over time and across demo graphic groups. We attempted to account for this 
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Fig. 5 Plausiblerangeofresidualestimatesoftheunauthorizedforeign-bornpopulation.Thisfigurepres-
ents the mean and distribution of estimates across 1,000 iterations wherein assumptions for coverage error, 
emigration, and mortality are randomly drawn from postulated distributions; the mean estimate for 2018 is 
10.8million.However,whenassumptionsarefixedattheirmeanlevels,the2018estimateis11million.

var i a tion by using a pre dic tion model to esti mate emi gra tion rates by age, sex, coun try of 
birth, and dura tion of res i dence, and by fur ther adjusting the emi gra tion rates to account 
for annual trends in emi gra tion, yet very lit tle of this poten tial var i a tion in emi gra tion has 
been for mally stud ied.

In con clu sion, we still view the resid ual method as more robust than other avail -
able meth ods, and we believe the strength of existing evi dence sup ports the assump-
tions that have been used in gen er at ing these esti ma tes. Even if these assump tions 
are slightly wrong, it is unlikely that the unau tho rized immi grant pop u la tion is far 
out side the range of cur rent, widely used resid ual esti ma tes. However, to move the 
fieldforward,itwillbeimportanttocontinuouslydevelopnewandbettermethods
and data sources with which to esti mate the num ber of unau tho rized immi grants. This 
will become espe cially impor tant as time passes and error asso ci ated with uncer tainty 
inemigrationratescontinuestoaccumulate.Governmentagencieswiththeability
to con tact and track immi grants after their admis sion may offer new ave nues for 
research and devel op ment in this area. For exam ple, DHS may have the capac ity to 
pro duce pre cise and detailed esti ma tes of emi gra tion rates by using its own admin is-
trativedata,butithasnotproducedsuchestimatesforresearchers’use.■
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