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1.Introduction

Demographic Analysis (DA) estimates of the U.S.ypdafon on April 1, 2010 included
estimates of foreign-born immigration each yeaneen 2000 and 2010 based on data
from the American Community Survey (ACS). Our gaaio design methodology to
describe the uncertainty in the estimates of fordigrn immigration. The main
estimation method we are considering in this pages the responses to two questions,
one that asks citizenship and another that asiderese one year ago (ROYA). We use
an error model that accounts for sampling and nop8ag errors. Unfortunately, time
and resource limitations prevent us from conducsituglies to measure the nonsampling
errors so we intend to propose reasonable estirbates] on studies of nonsampling
errors in ACS for other purposes or studies of aonding errors in other surveys.

Also, the ROYA question in the Puerto Rico Commy&trvey (PRCS), which is the
ACS adapted for Puerto Rico, was used to estimaeation from the U.S. to Puerto
Rico starting with the year 2005. Since the PRE&ah in 2005, previous research was
used to estimate net migration between the U.SParedto Rico for the years 2000 to
2004 (Christenson 2002). Although this paper fesumn the error model for describing
the uncertainty in the estimates of foreign-bormigration using the ACS, the same
basic principles apply when developing a methodplog the uncertainty in the PRCS
estimates of the two components of migration betwhe U.S. and Puerto Rico.

This paper describes our strategy to use the sroolkel in the design of a simulation to
study the propagation of errors in the estimatdsmfign-born immigration. The results
of the simulation study will produce a sensitivatiyalysis that assesses the uncertainty in
estimates of foreign-born immigration. An impottgaide in constructing an error

model is to identify the assumptions in the estiomaand examine where failures in these
assumptions potentially occur in data collecticatadorocessing, imputation, and
estimation.

2.Form of Estimator for Foreign-born Immigration

The ACS estimation of foreign-born immigration egelar includes a ratio adjustment to
population control totals from the Population Esties Program (PEP). The final steps
in the calculation of the ACS weights include tbariation of 156 cells defined by
race/Hispanic ethnicity, sex, and age. The ACBnasés in these cells are controlled to
the estimates of the population totals as of Julyat the PEP produces each year (U.S.
Census Bureau 2009).
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DA estimates foreign-born immigration as of Julipfia year by using all foreign-born
ACS people who are at least one year old and wied loutside the U.S. or Puerto Rico
one year ago, the year in the survey months Jakiaoygh December. Appendix 1
shows the questions used to identify the foreigmlamd those whose residence one year
ago was outside the U.S. The foreign-born arerdehed using Question 8 regarding
citizenship and Question 15a regarding resideneeyear ago. The estimates include an
adjustment that accounts for babies less than eaeof age by adding half of the
estimated number of people with a residence oneagmabroad and a reported age of
one year. In addition, the estimates for yea20rough 2004 are three-year averages
since the sample sizes were smaller before thes¢alle implementation of ACS began in
2005. Table 1 shows the estimates of foreign-bmmigration for 2000 to 2008

including how the three-year averages were impléetken

Tablel. Estimates of foreign-born immigration by year (thousands).

Period: July 1 to Foreign-Born |Additional Total Foreign-Born
June 30 population in |assumption Immigration
(ACS data year) the ACS for those (w/ smoothing for

whose under age 1 2000-2004)

residence

one year ago

(A) (B) ©) (D)=(B) +(C) (E)

1999-2000 (2000) 1,420 12 1,431 1,431
2000-2001 (2001) 1,421 10 1,431 1,431
2001-2002 (2002) 1,228 13 1,241 1,368
2002-2003 (2003) 1,025 8 1,032 1,235
2003-2004 (2004) 1,124 9 1,134 1,136
2004-2005 (2005) 1,188 8 1,196 1,196
2005-2006 (2006) 1,190 8 1,198 1,198
2006-2007 (2007) 1,114 8 1,122 1,122
2007-2008 (2008) 1,082 8 1,090 1,090
2008-2009 (2008) 1,082 8 1,090 1,090

Source: U.S. Census Bureau (2010)

Next, let us consider the form of the estimatorféweign-born immigration. Define the

following for a cell C used in the ratio adjustment

P = size of population in cell C
F = size of the foreign-born population in cell C

Y = size of foreign-born population in cell C wresided outside the U.S. one year ago

s = F/P = proportion of the population within cell C wheedoreign-born

ry =Y/F = proportion of the foreign-born within cell C whesided outside the U.S. one

year ago

Ie(i) = 1if personi is foreign-born, O if personis native-born




Iv(i) = 1 if personi resided outside the U.S. one year d@gibperson i lived in the U.S.
one year ago
w; = ACS survey weight for person i (before ratipustment).

Then we can use the ACS to form a weighted estiofaiee population size, s@yas
well as estimates ¢f andY as follows:
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If we let? be the estimate of the population $zfor cell C from the Population
Estimates Program (PEP) used in the ratio adjustfoeoell C, the estimator used by

DA for estimating the foreign-born immigration foell C,T, has the form
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wherefs andfr are estimators af andry from the ACS using survey weights before
the ratio adjustment.

3. Error model for foreign-born immigration

The estimate of the foreign-born immigration mayaffected by
» errors in PEP estimates
» ACS data errors that create error in the ACS eséirabthe foreign-born who
resided outside the U.S. one year ago



» errors caused by an inconsistency between the AG@3h& PEP in the variables
used to form cells for the ratio adjustment.

Each year, the immigration component of the PEifasts uses ACS data collected the
previous year. Therefore, since the full impleraéinn of the ACS, there has been no
overlap in the ACS data used in estimating theidor&orn immigration for two
consecutive years.

The error in the estimate of the foreign-born immatipn” may be expressed in terms of
a bias componerft and a random error componént Then the form of the model is

T=r+f+¢
whereE(e) — 0

The bias® may be expressed as the sum of the bias duednsistency in the reporting
of characteristics between PEP and AZ2Sand the bias due to error in the data used to
form the PEP estimation and the ACS estimafinn

B =5 +pbp.

The random errc¥ has terms due to sampling variaficeand variance due to the
imputation for missing datau,

E':Es‘l'gj_f_

In this section, we will examine models for theoeiin the ACS, the PEP, and the
inconsistency in characteristics between the two.

An underlying assumption is that the ACS distribntwithin foreign-born of those
reporting a residence outside the U.S. one yeadagng January through December of
the collection year is equal to the distributiontttose who entered the U.S. July 1 of the
year before the collection year to June 30 of tikection year. At this point in the
development, we will assume the error due to aolation of this assumption is
negligible.

3.1 Modelsfor data error

The estimation of foreign-born immigration involv®g sources of data, PEP and ACS.
We examine models for the errors separately fotwloedata sources.

3.1.1 Modd for ACSdataerror

First, focusing on the estimates from the ACS imteof the rate§r and™ appears
helpful in deriving estimates of bias and randororer Collecting new data regarding the
bias and random error is not possible with theasurresources. So, the only available
data are from previous ACS evaluations and ACSuyxrtion information. Possibly,
evaluation data from other surveys will also bephélin deriving estimates. In this



situation, the information about the bias and ram@oror probably will be in the form of
error rates. Also, there probably will not be sepaestimates of error rates for each
ratio adjustment cell. Therefore, cells may havbd collapsed for the analysis.

For examining the bias and random error of thereggs’s and’» from the ACS,
consider the following form

Sr—Sptfrter
Fp=Ty+ By + &

wherefr andér are random error terms such ti&=l = Elsy]1 = 0  andBfr andfr are
biases.

Notice that the product ofr andfr may be written as

S = [(rlly + Br + &S] + B +&2)
=rySe + Ty (B + €2) + Sc(By + &) + (B + €2)(By + &)

It seems reasonable to assume that the last teregigible since it is the product of
errors in rates. Under that assumption,S#ie would have negligible error if

Te(Br + 52) = —5:(fy + &)

If (Br + ££) and(Br +£¢) are both nonzero, they would have to have oppsgites since
both §7 and™r are positive.

Decompose the bias terms into bias from frame @meeerror ¢ov), data collection error
(dc), and data processing errap)

Br = PBr—covt Pr—dc + IBF—d‘p

18‘.:' = ﬁ}’—cov + ﬁ}’—dc T ﬁY—d‘p

The random error may be expressed as varianceavieim due to sampling error
(samp) and a term due to imputation errang) where

2 _ — 7

EF - VF - VF—sam'p + lF—:'m'p
2 _ — 7

EY - V}' - V}’—sam‘p + l}’—z'm‘p

The next step is to derive reasonable estimattésedfias and random error terms far
and”r. Probably the best approach is to conduct alaiion to synthesize the
estimates of error from the different sources. f@ason is that estimates of the bias
terms will have their own random error and a sirateapproach could account for this.

For estimates of the bias terms, examining avaldbta for the different aspects of the
data collection and data processing operationsprayide estimates for the bias
components.



» For coverage error estimates, we will examine tfalable information about the
coverage of housing units by the ACS sampling frame

» For the data collection error estimates, we willraine the available information
on roster errors, errors in the designation ofigprdorn, errors in the designation
of residing outside the U.S. one year ago for tweign born, and other field
errors, such as interviewers going to the wrongestd

» For data processing error estimates, we will exarttie available information
about errors in the editing, coding, and keyingveht to the designation of
foreign-born and the designation of residence datie U.S. one year ago for
the foreign-born.

Random error usually is influenced by sampling reared imputation error. These may
be considered separate variance components.
» Estimates of the sampling error may be obtainech fitee ACS. The sampling
error may be obtained for the raf@sandr .
» Another source of random error may arise from irapoh for missing data. This
may be in the form of error due to the choice efttodel used by the ACS
imputation or error due to estimating parametetfiénchosen imputation model.

3.1.2 Model for PEP data error

The ratio adjustment of the ACS estimates to thienastes from PEP relies on the
assumption that the PEP estimates of the totallptpn in cells used in ratio adjustment
are correct.

Sources of potential errors in estimates of popratize from the PEP include:
» Coverage error in the Census 2000 numbers, wheehsed as a base
* Errors in the data used to form updated populagimates during the decade.

For examining the bias and random error the estifhditom the PEP for a ratio
adjustment celC, consider the following form

P=P+fp+cp
wheress is a random error terms such tE&1=0 andB- is the bias.

Note that a contributor to the bias and randomreemns for? for a particular year will

be the foreign-born immigration estimates from A@G®8d in constructing immigration
estimates in previous years. This is true forRE® estimates of Vintage 2008 and later
years. The migration estimates for PEP estimdt®sntages 2006 and earlier did not
use the ROYA method, although Vintage 2007 usedatian estimates that were
partially based on the ROYA method.

3.2Modd for error from inconsistent char acteristics between ACS and PEP



The ratio adjustment methodology relies on themapsion that the PEP and the ACS
measure the characteristics used to form weigluhlg in a consistent way.

Sources of inconsistencies in measurement of ctaistacs used in weighting cells
between the PEP and ACS:
» Coding of responses of race and Hispanic ethnigcitiile ACS
* Changes in reporting of race/Hispanic ethnicitsi@ensus 2000, which is the
base for the PEP
» Differences in characteristics used in formingaaijustment cells between the
ACS and the data used to form updated PEP estirdatesy the decade. These
differences could be caused by errors or changescord keeping by the data
sources.

There is some automated and clerical coding olewnitresponses for race and Hispanic
ethnicity. For quality assurance (QA), there saapling of batches. The acceptance
sampling methodology assures that each sampletl batcan Average Outgoing Quality
Limit (AOQL), or approximate resulting keying errof less than one percent for the
whole form, not applied to individual questions (Wgang 2007). This tolerance is being
raised to three percent beginning in 2010 (Wolfg20@9).

To examine the model for the error from inconsistdraracteristics, first let ratio
adjustment celCy be the cell reported in the ACS whilgdenotes the person’s cell
according to how characteristics are reportedrferREP.

Then define the following:

f(j,K) = the proportion of persons whose ACS charactesiput them in celCy while
their PEP characteristics put them in &l

f=(j,K) = the proportion of foreign-born persons whose Ai§racteristics put them in
cell Cx while their PEP characteristics put them in Cgll

fv(j,K) = the proportion of foreign-born persons whose RQ¥as out of the country and
whose ACS characteristics put them in €lwhile their PEP characteristics put
them in cellC;.

Then we can construct estimatespf, andY for each ratio adjustment cg¢lihat have

the inconsistent ACS characteristics correctecetodnsistent with the PEP
characteristics as follows:
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Note that all the above summations include letkiegualj. Then the estimate of the

foreign-born immigration for cejlusing characteristics consistent with PERis
defined by
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Then we may form an estimate of the bias in thienesé of the total foreign-born
immigration due to inconsistent characteristics

E: = Z Ek.:

k

We are not aware of any information about incoersisies in reporting of characteristics
between the PEP and the ACS. There is a studydnapared the differences in
characteristics for individuals on two occasionarffer 2001). One of two occasions was
an enumeration in Census 2000 and the other waslapendent survey designed to
measure census coverage error, the Accuracy aner&@ye Evaluation Survey (A.C.E.).
The study examined the inconsistencies in chaiatitar for people whose records in the
census and the A.C.E. matched.

4. Indicators of general quality of ACS

Two indicators that are often used to judge theegdmuality of a survey are coverage
ratios and response rates.cdverageratio is calculated by dividing the estimated
number of persons in a specific demographic grooim the survey by an independent
population total for that group (U.S. Census Bur2d02, p. 16-1). For Census Bureau
surveys, the independent estimates for calcul@tiagoverage ratios are the PEP
estimates. If a ratio adjustment to the PEP wereedor the survey as a whole rather
than by cells, the coverage ratio would be theprecial of the ratio adjustment factor.

The survey'sesponse rate is the proportion of sample units that were eligidr of
unknown eligibility that responded to the surveypi@ssed as a percentage). However,
since ACS has three modes of interviewing and tekesubsample of the
nonrespondents at the end of the first two modeghware mail and Computer Assisted
Telephone Interviewing (CATI), for the last modeCQdmputer Assisted Personal
Interviewing (CAPI), the ACS response rate is ciamd by



Weighted number of completed mail, CATI, & CARierviews
ACS response rate = Weighted number of eligibkes

A possible indicator of quality is the patternghe coverage ratios for ACS and its
relative pattern when compared with other curremtesys conducted by the Census
Bureau. For example, if the coverage ratios fothal surveys are under 1, that may
indicate undercoverage in the surveys, althouglsd could indicate problems with the
independent estimate. If sampling error were thig thing the ratio adjustment was
addressing, the coverage ratios would vary ovey#laes, sometimes greater than 1 and
sometimes less than 1.

Figures 1 to 4 contain coverage ratios from 20020@8 for Blacks, Nonblacks, males,
and females from ACS, Current Population SurveyS);Rational Crime Victimization
Survey (NCVS), Survey of Income Program Particqra{{SIPP), and National Health
Interview Survey (NHIS). The CED and CEQ are matuded on this graph because
some of their coverage ratios are below 0.75, niowkr than the ACS coverage ratios.

Figure 5 contains the response rates from 2000@8 for ACS and the other six surveys
mentioned in the previous paragraph.

The coverage ratios and the response rates forak€8igher than for the other surveys
and appear less variable. However, to be fair, A&Sa longer period for data collection
than the other surveys and a sequence of threeswwddiata collection, which are mail,
telephone, and personal visit, where the otheresisrdo not.

The ACS coverage ratios for 2001 to 2008 appedy fstiable although a test for trend
could be done for ACS and the other surveys. TDverage ratio for 2000 is higher than
the others, but there may be some explanatiorh&drsince the 2000 version was a large-
scale survey designed to demonstrate that ACS eepldce the census long form. The
2001 through 2004 implementations of ACS were snaltale. Then in 2005, the full
implementation of ACS began.

The coverage ratios for nonblacks are higher thasd for blacks. And, the coverage
ratios for females are higher than those for males.

Approximately one-third of the estimated immigraats Hispanic so the coverage rate
for Hispanics is important. Table 2 shows ACS cage ratios by race and Hispanic
ethnicity for 2007 and 2008. In both years, theetage ratio for Hispanics is lower than
for nonHispanic whites, Asians, and American Indi&Alaska Natives, but higher than
for nonHispanic blacks. In 2007 the coverage ritidHispanics is lower than for Native
Hawaiians & Pacific Islanders, but higher in 20@8wever, the coverage ratio for
Hispanics is fairly stable for these two years.isTif true for the other race groups with
the exception of the Native Hawaiians and Pacsfiariders, but there may be some
explanation for the variation for this group.
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Overall, the ACS coverage ratios appear stableghnisi helped by the ACS having a
high response rate. This suggests that the PHERa¢stand the unadjusted ACS estimate
tend to have similar percentage year-to-year change
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Table 2. Coverageratios for 2007 and 2008 ACS by race/Hispanic ethnicity

2007 2008

Total: 94.2 93.8
Not Hispanic or Latino:

White 95.4 94.7

Black or African American 89.1 89.[7

American Indian and Alaska Native 96.8 96.2

Asian 95.6 96.9

Native Hawaiian and Pacifislander 96.1 85.8
Hispanic or Latino 92.4 92.b

Source: American Fact Finder. Table B98013.

5. Sourcesof potential errorsin ACS

In this section, we explore models and the inforama&vailable to form estimates of the
errors in the estimated proportiofzsand’™ in a ratio adjustment cell (see Section 3.1)
arising during the data collection. The error temre examine arise from coverage errors
Br-cov and Pr-cov, data collection errore—a: andBr-ec, and data processing errors
Pr-ap andPr—ap .

5.1 FrameErrors

Frame errors are errors in construction of theulsetd for sampling that may result in
coverage error of the population. There are typesyof error related to living quarters:
* Housing Unit (HU) frame errors: (1) omissions; €2)oneous inclusions: no

living quarters, duplicate of other HU or GQ); (3isolassification of HU as GQ.
* Group Quarters (GQ) frame errors: (1) omissioBse(roneous inclusions: no
living quarters, duplicate of other HU or GQ); (3isolassification of HU as GQ

One source of information about the quality of kester Address File (MAF) comes
from the Frame Assessment for Current Householde§ar(Li, Loudermilk, and Liu
2008). This assessment was performed for housshioletys the Census Bureau
conducts other than ACS in preparation for the septeof these surveys in 2014. All use
the centralized MAF but have somewhat differetéfihg criteria for considering an
address to be residential. In the study, intererswvent to the blocks with lists of
addresses from the MAF. They determined whethedaness was residential and added
residential addresses that were not on the MAFe ddta was collected before the block
canvassing operation for the 2010 Census.

Nationwide, the study found that the omission fateHUs was 4.67 percent. An
additional 1.73 percent were on the MAF but welteried out in creating the address list.
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The study produced an interesting result for madbidmes, which are 3.28 percent of all
housing units. Of the total number of mobile horaethe end of the study, 15.15 percent
had not been on the MAF.

These results have to be viewed with some cautcalse at least some of the HUs
found may not have been occupied. If a HU is vgaaissing it will not affect the
estimates for people. This study was conducteat prithe Address Canvassing
operation in 2009 for the 2010 Census, the resfilghich improved the MAF (Kennel
and Martin 2010). However, since the focus ofgaper is for estimates created with
data collected prior to Address Canvassing sarifg@ovements would not be relevant.

We will use this information to form the estimatéghe bias termBr—cor andbr—cov .
We may collapse ratio adjustment cells to forméarmgroups for the estimation.

5.2 ACSData Collection Errors

Errors may occur when the respondent fills outntia@ questionnaire, or errors may
occur during the interaction between the respondedtinterviewer during the
interviews. A particular mode of data collectioayrbe more prone to specific errors
than the other modes. This is important to expbereause many of the interviews with
foreign-born respondents tend be by telephone peison via CATI or CAPI,
respectively.

Potential sources of ACS data collection errors mhay contribute to the data collection
error termsfr-g. andPr—cc in the estimated proportiofis and?r, respectively, in a
ratio adjustment cell (see Section 3.1) fall into four categories:

* Net error in whether foreign-born or native-born

» Error among foreign born that leads to error in tukelived outside U.S. one

year ago
* Address errors
* Roster errors

Error in whether foreign-born or native-born

Cognitive testing and field testing have shown tieapondents appear to understand the
guestion about citizenship very well (Harris e@07). Foreign-born individuals who
are now naturalized U.S. citizens remember very telday they and other family
members became U.S. citizens. There was somesionfabout the category “born
outside the U.S. to U.S. parents,” particularly wiige respondent was not one of the
parents. Although these children are considerdxttnative-born”, sometimes the
answer for them was “foreign-born.”

The cognitive interviews did not observe errorstimer categories. A very small portion
of the population falls in the category “born odesihe U.S. to U.S. parents” where there
were some errors.
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Another source of information about error in resgEmto a question about citizenship
comes from a response variance study for the Nalt®arvey of College Graduates
(NSCQG) (Singer 2005). The NSCG asks whether theoregent was a U.S. citizen or not
a U.S. citizen. All the responses are self respend here was almost no variance in the
responses for this version of a citizenship quastiod this limited population.

These studies suggest that any error introducétkiestimated proportio has to be

very small. We will definés-a to be the net error in the proporti&n caused by error
in response to the question.

Error among foreign born that leads to error in thbelived outside U.S. one year ago
Not much information exists about the quality gdoding by the foreign-born on
whether they lived outside the U.S. one year agbere was some field testing of two
versions of the question in the 2006 American ComitgiSurvey Content Test. This
test focused on how well respondents provided fpetgtails of their previous address
for the geographic coding. There was not enougtidga-born in sample to make
statistical inferences.

We will definefr—q to be the net error in the proportidizscaused by error in response
to the question.

Address errors

Address errors cause interviews to be mistakenhglacted at an address other than the
sample address. This includes mail delivery mig-ap well as interviewers going to the
wrong address. This category also includes misifieation errors regarding whether an
address is a housing unit or not and whether aihgusit is vacant or occupied.

A source of information about address errors cofmoes the ACS Reinterview (Peterson
2008). The major finding regarding address emas that some refusals were
classified as vacant. We are examining the dadietermine whether the tracts where
these misclassifications occurred are differentnftbe whole population in any way
relevant to the immigration estimates.

We will definefr-a to be the net bias in the proporti&ndue to address errors. We will
defineBr-a to be the net bias in the proportiéndue to address errors.

Roster errors
There are two basic types of roster errors: (&9irectly excluding a household member;
and (2) incorrectly including a household member.

A source of information about roster errors commemfthe ACS Reinterview (Peterson
2008). The study found that 98.7 percent of thmtResiew rosters agreed completely
with the ACS rosters. However, 129 ACS rosteis draissions and 107 rosters had
erroneous inclusions. We are examining the datietermine whether the tracts where
these roster errors occurred are different fromathele population in any way relevant
to the immigration estimates.
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We will definefr—- to be the net bias in the proporti&ndue to roster errors. We will
definefr—r to be the net bias in the proporti&éndue to roster errors.

Combining estimates of potential sources
The data collection errd#—a- is the sum of the three terms

ﬁF—dc = ﬁ?—q +.8F—a +18F—'r .
The data collection errd#—-a- is the sum of the three terms

ﬁf—dc = ﬁ}'—q +.8}’—a +18Y—'r .

To form the estimates of the terms in the bias aomeptsPr—a- andPr—a-, we need to
consider that there are multi-mode aspect of AGauliee many of the interviews of
foreign-born respondents tend to occur by teleplownie person. For a cell C, we take
an approach similar to the one in Section 2 anthdehe following:

@ = sum of the weights of those who responded by mai

LS
1

sum of the weights of those who responded Bpteine

£
I

sum of the weights of those who responded isqrer
m = sum of the weights of those who responded by amai are foreign-born

¢ = sum of the weights of those who responded lBpteine and are foreign-born

w

= sum of the weights of those who responded isgreand are foreign-born.

Then, we can write an estimate as the weightedduhe estimates for each response
mode where the weights are the weighted proporfionthe response mode. An
example follows for the proportion of the populatiwho are foreign-born.

. E,+F+E
5 = 5
_ B GFE G5
00,700,700,
%&m "‘%S'Ft + %Sﬁ'p . (1)

In case we find that we need to take the respom&knmto consideration when
estimating the bias due to data collection esrz- , we derive an estimator using
Equation (1). For the derivation, we assume thatthole population answers the ACS
guestionnaire and that errors only occur duringdda collection. Under these

assumptions there is no random e®6t €. @m = @m . 0: = Q. and? = @- In addition,
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since there is only one source of bi&s; §r + fr—a.. Next letfrm—dc be the bias in
proportion of foreign-born among those who respoydnail 8z, fzz—a- be the bias in

proportion of foreign-born among those who respoydnail 3x:, andbrs-4: be the bias

in proportion of foreign-born among those who respim person®s» . Then using
Equation (1),

O qQ ) Q O Q
Sg = 3 () em + Brm—ac) + Eg b(s)pe + Bre_gc) + ap k(s gy + ﬁF’p—dc) =5+ ?ﬁf?m—dc + Etﬁn
Therefore,
Qm . Qt Q’P
Br_ac = ?JBFm—dc + EﬁFt—dc + Eﬁ.ﬂ'p—dc-

We can use this result to form the following estionaince ACS is conducted on a
sample basis

—dz = %g}"m—dc + %ﬁ.ﬂt—dc +%3Fp—dc' (2)

Pr

A similar derivation that results in the followirgtimator for the bias due to data
collection error in the estimate of the proportien

Fm Ft 'F‘;J
By-dc = & Pym-de + 5 Pre—gc + _ﬁ}"p—dﬁ:' (3)
F F F

In Equation (3),EYm—dc is the estimator of the bias in the proportion wésided outside
the U.S. one year ago among the foreign-born wipared by mailfym , Bre «c is the
estimator of the bias in the proportion who residatide the U.S. one year ago among
the foreign-born who respond by telephdfe, andfrp-a- is the estimator of the bias in
proportion who resided outside the U.S. one yearaagong the foreign-born who
respond in persotive .

5.3 ACSData Processing Errors

Data processing errors refer to errors in the meglittoding, and keying operations that
lead to the wrong classification of a person onraesy roster. A particular mode of data
collection may require more editing than the otlard therefore create more
opportunities for errors. Also, a particular madelata collection may result in more
coding errors than the others.

Potential sources of ACS data processing errotaiag contribute to the data
processing error ternfs—-a» andSv-ar in the estimated proportiofis and’r in a ratio
adjustment celC (see Section 3.1) fall into three categories:

» Errors in editing

» Errorsin coding

» Errors in keying
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These types of errors may occur for responses. nWbestions left blank are imputed,
any error is considered imputation error.

Editing errors
Editing errors that have the potential for affegtthe immigration estimates are: (1) in

whether foreign-born or native-born; (2) in whetheed outside U.S. one year ago
among foreign-born.

We will definefs- to be the net bias in the proporti&éndue to editing errors. We will
definefr—-- to be the net bias in the proportiéndue to editing errors.

Coding errors
There is no coding required for designating a pemothe ACS roster as being foreign-

born because the answers to Question 8 are ontk dduxes. However, for a person to
be considered as residing outside the U.S. oneagegarthe check box for Question 15a
has to be marked to indicate living outside the.@r#l the country where the person
lived has to be written in. The write-in respané® one’s residence one year ago are
coded so they can be converted to electronic fornidte geographic coding system first
attempts an automated coding of the write-in respoThe responses not coded by the
automated system are referred to clerical coding.

We will definePr-s to be the net bias in the proportiéndue to geographic coding
errors that cause a foreign-born person to be datd as residing outside the U.S. one
year ago when really were in the U.S., and viceaer

Keying errors
Keying error may occur when write-in responses apep forms are converted to

electronic format through keying. This error atsdy has the potential for affecting
whether a person on the ACS roster is designatédig outside the U.S. one year ago.

ACS paper forms are keyed from an image obtainesthyning. The forms are double
keyed with adjudication. The adjudication procedomakes the keying error very low as
long as the scans of the forms are easy to read.

We will definefr—« to be the net bias in the proporti&ndue to keying errors that cause
a foreign-born person to be designated as resmlitgjde the U.S. one year ago when
really were in the U.S., and vice versa.

Combining estimates of potential sources

The data processing errér-a» has only one source, so

ﬁF—d’p = ﬁF—e .

The data processing eriéi-qc potentially has three sources. It may be expteasahe
sum of the three terms

By—gp= PBy—atBy_g +Bv_i
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To form the estimate of the bias te&gmdp, we will either form separate estimates of the
individual terms or form a combined estimate. We anay collapse ratio adjustment

cells to form larger groups for the estimation ofttfr—a» andPr—as.

5.4 Random Error

Our strategy is to estimate the components foraanerror for the estimate of foreign-
born immigration rather than separately for thedman error terms fofr andfr.
Therefore, we will estimate terms for sampling eand for imputation error.

5.4.1 ACSRandom Error

Sampling error is random error that occurs becatiselecting a sample rather than
interviewing the entire population. Table 4 shdles estimates of the standard error due
to sampling for the foreign-born population whossidence one year ago was outside
the U.S. before the ratio adjustment to the PEifhatts. The estimates of the foreign-
born immigration in Table 4 are after the ratioustinent.

Table4. ACS estimates of foreign-born population whose residence one year ago
was outside the U.S. and their standard errors (thousands).

Period (July 1toJune30) | ACSyear estimate | standard error (&)
1999-2000 2000 1,420 42.4
2000-2001 2001 1,421 35.2
2001-2002 2002 1,228 33.6
2002-2003 2003 1,025 28.8
2003-2004 2004 1,124 31.3
2004-2005 2005 1,188 17.8
2005-2006 2006 1,190 15.9
2006-2007 2007 1,114 20.3
2007-2008 2008 1,082 16.8

Source: ACS

Note: Standard errors calculated with weights pagpopulation controls.

5.4.2 ACSImputation Error

Every survey has missing data. Errors may occtinguhe course of the application of
imputation methods to compensate for missing défa.will model imputation error as a
random error component.

The imputation method that ACS uses to accourgdanple units that are not
interviewed is a weight adjustment. ACS uses agagahy-based hot-deck method to
impute a value when there is missing data for wérefibreign-born or native-born and
when there is missing data for a person’s resideneeyear ago.
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There has not been a study of the random erraxdatred into ACS estimates through
imputation. However, Kim, Fuller, and Bell (200&ve studied the sampling variance
component due to the nearest neighbor imputaticdheddor the 2000 Census long
form. The ACS was designed to replace the longnfeo the questions are almost the
same. Although the ACS imputation method use$ttaleck method, it has some
similarity to nearest neighbor imputation becatngedells are drawn geographically so
that ideally the donor is from the same block &srdctipient. The study found that the
imputation method increased the standard errditseiestimates of poverty and median
income for the state of Delaware and Michigan byd 80 percent.

A method for estimating the variance componenttdushoice of the imputation model
involves constructing reasonable alternative imgpartamodels and applying each model
to construct an alternate set of imputations. Tieshodology has been used in error
analyses for estimates of net coverage error irs@eBA000 (Mulry and Spencer 2001,
Mulry, ZuWallack, and Spencer 2003).

If there are L alternate models, an estimate ofdheign-born population, si@r , may
be constructed using the data for fAenodel, wherd =j <L

Then we estimate the variance due to imputationer’rr!&i by

@zz%q(ﬁ?’";—ﬁ)nz/

(L-1)

— _Zia T}/
wherelm = L.

If a set of reasonable alternative imputation meadeé not available, an alternate
approach is to perform a sensitivity analysis tplese the potential impact of the choice
of the imputation model on the estimates of fordagnn immigration.

6. Simulation

Once the nonsampling errors, their variances, andr@ance matrix are estimated, the
simulation will draw repeatedly and independentbni their joint distribution to

produce the distribution of a bias estimate. Trabability distributions will be centered
on the observed values adjusted for the estimassgs and their random component
will be derived from a multivariate normal specéiion with mean vector equal to zero
and covariance matrix. Simulation from this diatitibn will yield distributions of the
estimates of immigration. Differences betweenrttgan of the latter distribution and the
original estimate indicate the estimated biaseleroriginal estimates, and the standard
deviations indicate the standard deviations ofstimapling distributions.

As shown in the discussion of the joint error dttion, the probability models will be
developed somewhat differently for (1) samplinggr(2) error from missing data, (3)
effect of inconsistent classification, and (4) atrame coverage errors, data collection
errors, and data processing errors.
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7. Analysis of results

Part of the research will be to specify the domainor the analysis. The following
statistics will be computed from the simulated rlisttion: (i) estimate of bias, (ii)
estimate of standard deviation (reflecting both glamg error and random nonsampling
errors), and (iii) deciles of the distribution.

The analyses will include a sensitivity analysisitd in determining the most influential
error sources and error types.
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Figure 1.
Males: Coverage ratios by year by survey
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Figure 3.

Nonblacks: Coverage ratios by year by survey
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Blacks: Coverage ratios by year by survey
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Figure 5. Annual Response Rates: 2000-2008
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Appendix 1. ACS Questionsfor Foreign-born Immigration Estimation

ACS Question Number 8: Citizenship

“Is this person a citizen
Of the Unlted States?” é Is this person a citizen of the United States?
D YeS, US [] Yes, born in the United States = SKIP to 10a
citizen by
naturalization —
Print year of
naturalization foreign bor

Yes, born in Puerto Rico, Guam, the
U.S. Virgin Islands, or Northern Marianas

native 0
[ Yes, born abroad of U.S. citizen parent
O

or parents

Yes, U.S. citizen by naturalization — Print year
of naturalization 7

O

No, not a U.S. citizen

4 No, notaU.S 1
citizen

Question 15a; Residence oneyear ago

é a. Did this person live in this house or apartment

i~ . . . . 1 ?
Did this person live in this house D"ea;a” - sk
or apartment 1 year ago?” 3 Freli SRS
D NO Outside the Unlted [ Yes, this house = SKIP to question 16
States and Puerto Rico — B D L
. . or U.S. Virgin Islands, Guam, etc., below;
Print name of forelgn then SKIP to question 16
country, or U.S. Virgin ‘
ISIandS’ Guam’ etc. belOW 0 No, different house in the United States or
Puerto Rico
b. Where did this person live 1 year ago?

Address (Number and street name)

Name of city, town, or post office

Name of U.S. county or
municipio in Puerto Rico

Name of U.S. state or
Puerto Rico ZIP Code




