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Abstract

The official labor force statistics often exhibit discontinuities in Jan-
uary, when updated population estimates are incorporated into the
Current Population Survey (CPS) for the current year but are not re-
vised backward through history. We construct harmonized popula-
tion estimates spanning five decades and produce new weights for the
CPS microdata that are benchmarked to these estimates. Using these
weights, we estimate harmonized labor force statistics that reflect the
latest available information about the population and its character-
istics. The harmonized labor force series are free from the disconti-
nuities in the historical data and show a notably larger labor force
shortfall in the post-pandemic period.
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1. Introduction

The Bureau of Labor Statistics (BLS) publishes timely statistics about the
U.S. labor market that receive wide attention each month. Many of these
indicators, including the unemployment rate and the labor force participa-
tion rate (LFPR), are derived from the Current Population Survey (CPS),
a monthly survey of about 60,000 households. Statistics from this survey
can capture the overall labor market because individual survey responses
are weighted to be representative of the demographic and geographic com-
position of the U.S. population. However, since the population cannot be
counted in real time (except for once every 10 years in the decennial cen-
sus), the weights are constructed to match population estimates, which can
revise when underlying source data are updated.

Each January, the BLS incorporates updated population estimates into the
CPS for the current year, but does not revise the official household survey
estimates back in history. When the revisions shift the composition of the
population across demographic groups whose labor market outcomes differ,
such a shift can result in large discontinuities between the updated labor
market statistics for the current year and the out-of-date statistics for pre-
vious years, potentially confounding statistical analyses and assessments of
the labor market. This issue affects not only the official statistics published
by the BLS, but also statistics that researchers calculate from CPS micro-
data.

In this paper, we introduce a methodology for estimating CPS–based labor
force statistics that are “harmonized”—made comparable over time—over
five decades to consistently reflect the latest available data on the popula-
tion. Our approach involves assembling harmonized population data at the
demographic group level, reweighting CPS microdata to match these tar-
gets, and then computing time-series estimates from the reweighted micro-
data. Since our method closely follows the BLS’s estimation process, our
harmonized labor force statistics can be interpreted as close approximations
of the values that the BLS would have produced if it had been able to use
the latest population data when it originally published its statistics.1 We

1. Our approach uses almost all of the same steps as the BLS’s procedure, but it is im-
portant to note two exceptions that limit our ability to perfectly reproduce the estimates
the BLS would have produced with the same population targets. First, we do not adjust
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Figure 1. Civilian noninstitutionalized population aged 16 years or older
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Source: Bureau of Labor Statistics (BLS); authors’ calculations using data from the Census Bu-
reau and the BLS.

provide harmonized estimates for the unemployment rate, the LFPR, and
other labor force statistics, along with harmonized microdata weights that
researchers can use to reproduce any CPS statistic adjusted for population
revisions. We plan to update both the microdata weights and the harmo-
nized time series annually to reflect each new vintage of population esti-
mates from the Census Bureau.

By not revising the historical time series of labor force statistics to reflect
new population data, the BLS’s standard practices often introduce discon-
tinuities in the time series between each December to January. These dis-
continuities are evident in the published series for the civilian noninstitu-
tionalized population (CNP) aged 16 years or older, shown by the solid blue
line in figure 1. For example, in January 2012, the CPS incorporated pop-
ulation estimates derived from the 2010 Census, which resulted in a jump
of 1.7 million from December 2011 to January 2012, even though the typi-
cal pace of change before and after that period was only about 200,000 per

weights in the state coverage step and state-level targets in second-stage weighting to re-
flect the latest population estimates since the population targets for these steps are not
publicly available. Second, we base our estimates on the public-use microdata files, which
in some years feature slightly perturbed demographic information for confidentiality rea-
sons, while the BLS uses unperturbed data for its estimates.
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month. Similarly, the revision in January 2025 was particularly large, re-
vising up the population level by nearly 3 million. Population revisions can
also be negative, such as in 2017, 2019, and 2020.

Our harmonized time series, shown by the dashed orange line in figure 1,
does not exhibit any such discontinuities because all years of the harmo-
nized series reflect the latest population data. Our approach to constructing
the harmonized series involves several steps.

We begin by assembling Census Bureau estimates for the population at the
demographic subgroup level for the period in between each decennial cen-
sus and adjust for the “surprise” contained in the actual decennial census
count. Harmonizing these detailed population estimates involves some ad-
justment between eras in which data were collected differently, but main-
taining the fine level of demographic detail is essential for our approach.
We harmonize population estimates from January 1976 through April 2020,
and for the subsequent period we use the Census Bureau’s latest published
estimates— currently the Vintage 2024 (V2024) estimates, which were re-
leased June 26, 2025.

With these estimates in hand, we replicate the BLS’s weighting and esti-
mation procedures to produce time series with properties similar to those
of the official series. We construct new CPS microdata weights at broadly
the same level of demographic detail that the BLS uses while ensuring that
these weights match our harmonized population estimates— and thus re-
flect the latest population data. We also replicate the method that the BLS
uses for producing composite time-series estimates that exploit the longitu-
dinal structure of the CPS. Using published seasonal factors and adjusting
for the CPS survey redesign, our time-series estimates replicate as closely
as possible what the BLS would have produced if it had our current har-
monized population estimates in real time. As a test of the fidelity of our
replication, we are able to reproduce the statistics published by the BLS that
show how revisions to the current-year population estimates would have af-
fected the preceding year’s December labor market statistics. Although our
estimates are nearly identical, we cannot perfectly reproduce the BLS’s es-
timates, because the publicly available CPS microdata have perturbed age
information in order to protect the confidentiality of respondents.2

2. See section 4.2 for further discussion.
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As described in section 5, the time series we produce are smoother than of-
ficial estimates and feature some notable differences, particularly in the pe-
riod around the pandemic. For instance, our estimate of the LFPR is above
the published estimate in February 2020, on the eve of the pandemic, and
shows a slower, but more even pace of recovery during 2021–22. Our es-
timates indicate that the labor force shortfall in the post-pandemic period
was 1.5 million larger than published data indicated.

Although our main estimates begin in 1976, when CPS microdata first be-
come available, we also extend key time series back to 1948. Our harmo-
nized series smooth out several substantial breaks in the time series that re-
sulted from the introduction of updated population controls drawn from the
latest decennial census. All told, our harmonized time series cover 1948–
2024 for the major labor force statistics and demographic groups.

In addition to headline series, we can construct estimates of any CPS statis-
tic on a harmonized population basis. Since we produce new CPS micro-
data weights consistent with harmonized population targets, researchers
can correct the statistical series that they derive from the microdata for
the effects of population revisions simply by using our weights in place of
the published weights. We outline an example case— comparing trends in
prime-age native-born population for men and women—to demonstrate the
value of estimates corrected for population revisions.

Over the past several years, immigration has contributed more to popula-
tion growth than published data previously indicated. As a result, when the
latest official estimates were released, the population aged 16 years or older
at the end of 2024 was revised up by nearly 3 million people (figure 4).
Before this revision was implemented, the large contribution of immigra-
tion was evident from administrative records on migrant flows, and many
observers noted at the time that population growth was likely much more
rapid than official estimates indicated (see, e.g., Congressional Budget Of-
fice 2024). We show how our method could have been applied before the
publication of the revised official estimates. We construct an alternative set
of population estimates that incorporates an adjustment at the detailed de-
mographic group level using data on migrant flows, and then we apply our
methodology to these estimates. These immigration-adjusted labor force
estimates are very close to the latest official statistics, correctly indicating
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that the LFPR revised up in recent years while the unemployment rate was
essentially unaffected. This exercise highlights that our methodology does
not inherently rely on official population estimates, and can be used with
any set of population estimates with sufficient demographic detail.

The new estimates we produce help shed light on the post-pandemic la-
bor market recovery. Previous studies analyzing the pace of labor market
recovery and the extent of recovery remaining have tended to rely on ei-
ther the BLS’s published series or author-constructed series based on pub-
lished CPS microdata, both of which have been subject to large breaks in
post-pandemic years (Cooper et al. 2021; Forsythe et al. 2022; Hobijn and
Şahin 2022). Robertson (2023) and Robertson and Willis (2022) represent
notable exceptions, as they adjusted published series for population revi-
sions by assuming the revisions phased in smoothly since the base period.
Our approach instead allows the underlying source data to dictate how the
population revisions are distributed since the previous base period, thus ac-
counting for potentially nonmonotonic revisions over history.

Our new microdata weights make it easy for researchers to produce statis-
tics consistent with our harmonized population, because our weights can be
used as a drop-in replacement for the published weights. These harmonized
microdata weights contribute to the previous literature that has enhanced
the utility of the CPS microdata, such as with longitudinal linking proce-
dures (Drew, Flood, and Warren 2014; Madrian and Lefgren 2000), wage
cleaning (Schmitt 2003), and harmonized industry and occupation codes
(Flood et al. 2024), among other innovations.

Our methodology can readily produce labor market statistics that are con-
sistent with alternative population estimates, thus enabling analysis and
discussion about how large and fast-changing population dynamics affect
the labor market. Edelberg and Watson (2024) use alternative population
estimates from the Congressional Budget Office (CBO) to argue that this
immigration surge resulted in much faster growth in employment and the
labor force over 2022–24 than the BLS’s published statistics showed. Sim-
ilarly, the BLS (2025) recently published a set of experimental time-series
measures that smooth the December 2024 revisions to the population, labor
force, and employment back to April 2020. More closely related to this pa-
per, Kolko (2025) produces microdata weights consistent with alternative
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population estimates that smooth the revisions to population at the end of
2024 back to April 2020.

The rest of the paper proceeds as follows. Section 2 describes inconsisten-
cies in the microdata weights over time. Section 3 provides a high-level
overview of the BLS’s process for constructing time-series estimates. Sec-
tion 4 details how we construct harmonized population estimates and repli-
cate the BLS’s process to produce our own time-series estimates. Section 5
reports our new estimates of headline series, showing how they differ from
published estimates.

2. Population revisions in the CPS

CPS microdata are released each month, with the weights constructed to
target the estimated population level for that month from the Census Bu-
reau’s then-current vintage of population estimates— ensuring that labor
force statistics constructed from the microdata files are consistent with the
then-current population estimate. Before the start of each calendar year,
the Census Bureau produces a new vintage of population estimates using
data available as of the previous June. While these population estimates
represent the Census Bureau’s best projection as of the start of the year, the
population estimate targeted by the CPS sample weights for a month in that
year is based on source data that may be up to 18 months out of date.

Because the CPS files are typically not revised, the weights for a month will
always add up to the population estimate that was current at the time, even
if the Census Bureau later revises its population estimate for that month.
The black line in figure 2 shows the BLS’s published population for individ-
uals aged 20 to 24, with the colored lines showing different vintages of the
Census Bureau’s population estimates for this group. Within each calendar
year, the BLS series matches the then-current Census Bureau population es-
timates. At the start of each year, the CPS estimates are controlled to a new
vintage of population estimates, resulting in discontinuities between Decem-
ber and January— even though the population estimates from the Census
Bureau are smooth across years (within any given vintage).

The key implication of this pattern is that CPS weights for all years except
the current year are outdated, since they reflect older population estimates
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Figure 2. Civilian noninstitutionalized population aged 20 to 24
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that have since been superseded by newer estimates. The outdated weights
will not generally add up to the latest population estimates, either in aggre-
gate or for demographic subgroups, and the distance between the sum of
the weights and the latest population estimates can be quite large.

Moreover, the difference between published CPS weights and the latest pop-
ulation estimates may have an alternating sign over time, with positive devi-
ations in some months and negative deviations in others. For example, the
orange line in figure 2 shows the Census Bureau’s latest estimate of the pop-
ulation aged 20 to 24, which is designated as the V2024 series. This V2024
estimate of the population aged 20 to 24 is higher throughout history than
the Vintage 2020, Vintage 2021, and Vintage 2023 (V2023) series, but
lower than the Vintage 2022 series. As a result, the published BLS series
(the black dashed line) is below the V2024 estimate in 2021–22 and 2024,
but above it in 2023. Although this example focuses on a single age group
over a short period, the general pattern of alternating-signed revisions is not
uncommon when comparing the BLS’s published population series with the
latest Census Bureau estimates.

These patterns make it clear that merely smoothing the BLS series is not
sufficient to recover the correct up-to-date population estimates. One com-
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monly suggested idea for addressing the large discontinuities each January
is to simply take the jump for each demographic group and smooth it back
linearly in time to some base period (e.g., the previous January, or the pre-
vious decennial census date). However, this approach will not correctly ac-
count for groups where the slope of the population path changes in newer
vintages, as shown earlier, and, more generally, is not going to reproduce
population estimates that match the latest Census Bureau estimates. It is
also incorrect to apply a time-series smoothing filter to the population to
address the January jumps, since doing so merely spreads out the errors
across the year but does not undo them.

Although these revisions only apply directly to population, they will indi-
rectly affect labor force statistics derived from the CPS to the extent that
the statistic of interest varies across groups that revise significantly. For ex-
ample, the latest Census Bureau population estimates for April 2020 feature
nearly 1 million more men aged 25 to 54 and nearly 1 million fewer women
aged 55 years or older, than does the BLS series. The former group tends
to have higher-than-average participation rates, and the latter group tends
to have lower-than-average participation rates, so both of these differences
imply that adjusting the population to match the latest Census Bureau es-
timates will raise the LFPR relative to the BLS’s published estimate. In this
way, the issue is not just a matter of outdated population estimates in the
microdata, but may affect any statistic computed from the CPS.

3. Overview of the BLS’ methodology

In this section, we provide a high-level overview of the BLS’s procedure for
constructing time-series estimates of labor force statistics. This procedure
involves four main stages to go from individual-level responses in the CPS
to nationally representative aggregate time series. Our summary draws
heavily on Current Population Survey Design and Methodology Technical Pa-
per 77 (U.S. Census Bureau 2019, hereafter “CPS Technical Paper 77”), to
which interested readers should refer for more information.3

1. Weighting based on geography: The first stage constructs a sam-
pling weight for each individual based almost solely on geographic

3. Especially interested readers may also wish to review earlier editions of the CPS Tech-
nical Paper series, such as U.S. Census Bureau (2002, 2006)
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information. This weight is the product of three factors: (1) a “base
weight” reflecting the probability of sample inclusion, (2) a “nonre-
sponse adjustment factor”, which redistributes weight from nonre-
sponding units to responding units within a narrow geographic cell,
and (3) a “first-stage adjustment factor”, which accounts for differ-
ences in the Black population between geographic units included in
that month’s sample relative to state-level totals. Importantly, each
of these factors either is the same for all individuals within a geo-
graphic cell (as the first and second terms are) or can be calculated
in advance and are independent of survey responses (as the first and
third terms are).

2. Reweighting based on demographics to match population esti-
mates: This stage reweights demographic groups within the sam-
ple so that subgroup population totals match Census Bureau esti-
mates. Sampling weights are adjusted to match detailed national
race/ethnicity/sex/age targets (“national coverage step”), then to
match state-level race/sex/age targets (“state coverage step”), and
then, finally, to jointly match three coarser sets of population targets
(“second-stage weighting”). This final adjustment involves using iter-
ative proportional fitting (or “raking”) to jointly match national race/
sex/age targets, national ethnicity/sex/age targets, and state/sex/age
targets. See CPS Technical Paper 77 for the exact definitions of demo-
graphic groups used in each of these population estimates.

The demographic group–specific population estimates used in this
phase come from the Census Bureau’s Population Estimates Program
(PEP). Each year, this program releases updated monthly estimates of
the civilian noninstitutionalized population for detailed demographic
groups, based on source data measuring births, deaths, immigration,
and other flows. These estimates cover the period since the most re-
cent decennial census and include a projection through the current
year. The BLS aggregates the population across these detailed demo-
graphic groups into the more aggregated demographic groupings used
as targets for each step.

3. Calculating composite estimates: The BLS’s estimates for not sea-
sonally adjusted (NSA) time series such as employment and unem-
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ployment each month are a composite of two separate estimates. The
first estimate is the quantity total, summed up using the second-stage
weights constructed in the previous phase. The second estimate uses
the longitudinal nature of the CPS, taking the month-over-month
change in the quantity among continuing respondents and adding
to the previous month’s composite estimate. Huang and L. R. Ernst
(1981) show that constructing a composite estimate that incorporates
both stock and flow information in this way reduces the variance of
time-series estimates.

For ease of reproducing these estimates, the BLS adds to the CPS a
set of “composite weights”, which add up to the composite estimates
for a given month at the demographic group level. These composite
weights are produced by raking weights within state, national race/
sex/age, and national ethnicity/sex/age cells such that total employ-
ment and unemployment within the cell matches the composite esti-
mate.

4. Seasonal adjustment, including adjustment for known breaks:
The final stage involves adjusting the NSA series for seasonality and
known discontinuities. The BLS uses X-13ARIMA-SEATS to conduct
seasonal adjustment, outlier detection, and adjustment for level shifts
that occur on known break dates. These known breaks include the
dates when updated population estimates were introduced, as well as
the introduction of the CPS redesign in 1994 and several other CPS
changes (see CPS Technical Paper 77, chapter 2-5, for a complete
list).

To produce headline series, such as the unemployment rate or the
LFPR, the BLS seasonally adjusts component series and then calcu-
lates the headline series from the seasonally adjusted components.
For example, the seasonally adjusted labor force level is the sum of
eight separately seasonally adjusted components: the levels of un-
employment and employment each among four demographic groups
(men and women/aged 16 to 19 and aged 20 years or older). The
seasonally adjusted unemployment rate is the ratio of total unemploy-
ment (sum of seasonally adjusted unemployment in each of the four
demographic groups) to the seasonally adjusted labor force level.

Page 10 of 67



Each January, the BLS incorporates a new vintage of population estimates
for the current year from the Census Bureau, which it uses as the popula-
tion estimates in the second stage, as described previously. Although these
population estimates extend back to the previous decennial census, previ-
ous years’ weights are not revised, nor are the aggregate time-series esti-
mates based on the CPS.

One might wonder how the aggregate time-series estimates would differ if
the BLS revised previous years’ data to reflect the most up-to-date popula-
tion estimates. The key phase where population estimates enter the process
for calculating time-series estimates is the second phase, in which observa-
tions are reweighted based on demographics. If the BLS had different pop-
ulation estimates during this phase, it would lead to different second-stage
weights in the microdata, different composite estimates (and weights), and,
ultimately, different estimates for aggregate seasonally adjusted time series.
Importantly, different population estimates for demographic groups would
not affect the first-stage weights, only the second-stage weights and result-
ing estimates. This aspect implies that one could replicate what the BLS
would have produced if it had different population estimates by using the
existing weights (which incorporate the first-stage adjustment) and replicat-
ing the reweighting and estimation steps in phases two through four. This
is the essence of our approach, which we describe in the next section.

4. Our methodology for harmonized estimates

This section provides a high-level overview of how we construct harmonized
time-series estimates adjusted for population revisions. Full details are pro-
vided in section A of the appendix.

Our approach begins by constructing a new set of harmonized population
estimates and then follows the BLS’s current methodology to construct new
CPS microdata weights that reflect these harmonized population estimates.
With these new weights, we replicate the BLS’s composite estimation and
adjustment procedures to arrive at time series consistent with the latest
population data. These time series closely approximate what the BLS would
have published if it had the harmonized population series, which reflects
the latest population data, at the time it had constructed its estimates.
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4.1. Harmonized population estimates

Our methodology for constructing harmonized monthly population esti-
mates involves combining estimates across five decades, from January 1976
through April 2020 (the latest decennial census), and adjusting for differ-
ences across time. For the postcensal period, we can directly use the latest
published estimates from the Census Bureau (currently V2024).

As mentioned previously, the BLS uses population estimates from the Cen-
sus Bureau’s PEP as external population controls in constructing the CPS
weights. These monthly estimates cover the period between decennial cen-
suses, where the estimate for a specific month starts with the population
from the previous decennial census, adds births, subtracts deaths, and adds
net migration.4 Estimates of the population flows are based on a number of
different data sources— for example, births and deaths are estimated from
data collected by the National Center for Health Statistics (NCHS). How-
ever, many data sources are released only with a lag (e.g., NCHS data are
about two years lagged), and so the population estimates for the most re-
cent several years of a vintage are necessarily based on projections of some
source data.

Each year, PEP releases a new vintage of estimates incorporating updated
source data and projections. As a result of the incoming data and revised
projections, the new vintage may differ from the previous vintage over all
months back to the previous decennial census, although the largest revi-
sions are typically in the most recent years. The new vintage will also ex-
tend one year further than the previous vintage. Once every 10 years, the
new vintage will also incorporate a new decennial census and therefore will
cover a much shorter period than the previous vintage. For example, the
vintage released in 2011 was based on the 2000 Census and covered April
2000 through December 2011, while the vintage released in 2012 incorpo-
rated the 2010 Census and covered April 2010 through December 2012.

To form harmonized population series that reflect all available information,
we combine two sets of data:

4. U.S. Census Bureau (2024b) contains a detailed description of the methodology for
the V2024 estimates.
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1. The decennial census counts are the most accurate information about
the population and its characteristics—but they cover only one month
every 10 years.

2. The postcensal estimates cover all months after the decennial cen-
sus—but they are subject to error.

We combine these two sources, maximizing their individual strengths, re-
sulting in harmonized population series that are free from discontinuities.

Specifically, we adjust the time series from the last postcensal estimate for
a decade, which contains the best estimate of the monthly path of the pop-
ulation over the decade, to smooth the transition between decennial cen-
suses, which are the most accurate counts of the population at those two
points in time.5 Errors between the postcensal estimate and what the cen-
sus count ultimately showed can arise because the PEP’s method for esti-
mating population stocks by accumulating flows is imperfect and leads to
some projection errors.6 Importantly, the ultimate postcensal error could
arise from a combination of errors occurring at any points between decen-
nial censuses, so our harmonized estimate redistributes this error evenly
across the decade. These harmonized population series are constructed sep-
arately for each group defined by age, sex, race, and Hispanic origin.

An example helps clarify these ideas. Figure 3 shows our harmonized esti-
mate of the population for 16-year-old non-Hispanic Black men along with
the relevant vintages of Census Bureau estimates. The pink line is the last
postcensal estimate based on the 2010 Census (the pink circle). The gold
circle shows the 2020 Census value for April 2020, and the gap between the
last point of the pink line and the gold circle is the postcensal error.7 Our
harmonized population estimate for this group, the black line, smooths the

5. Our harmonized estimates are conceptually similar to what the Census Bureau calls
“intercensal estimates”, and we use the same methodology (U.S. Census Bureau 2024a).
We call our estimates “harmonized” to avoid confusion with the Census Bureau’s official
data product.

6. These projection errors are discussed further in Serrato and Wingender (2016), who
use them as a source of exogenous variation in federal spending to estimate local multipli-
ers.

7. Note that the points for decennial censuses through 2010 are based on full counts,
while the point for the 2020 Census comes from a “blended base”, which uses the full
count for aggregate statistics but uses some estimates for determining the demographic
composition. Official CNP estimates from the PEP use the blended base for April 2020, so
we follow this approach in our harmonized population estimates.
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Figure 3. Population of 16-year-old non-Hispanic Black men
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Source: Census Bureau; authors’ calculations using data from the Census Bureau.

postcensal error back to April 2010. The gold line is the V2024 estimate,
the latest postcensal estimate based on 2020 Census. Since this estimate is
the best available, our harmonized series is equal to the postcensal estimate
from April 2020 forward. In this way, we create a harmonized series for
population that smooths through each decennial discontinuity, while using
the timeliest estimate of the path of population within each decade.

There are two implementation challenges with this approach worth noting,
along with how we address each one:

Change in classification of race: The 2000 Census was the first to allow
respondents to check as many boxes as necessary to identify their race,
whereas in previous censuses, responses to the race question were limited
to a single category. The CPS would eventually adopt the same survey ap-
proach, but not until January 2003. As a result, the population estimates
for 2000–02 are not comparable with the race categories identifiable in the
CPS microdata. For example, the break in harmonized series in January
2003 shown in figure 3 reflects this change in the concept of race. We ac-
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count for this change in three steps (which are described in more detail in
section A4 of the appendix):

1. We take the PEP estimates released in 2011 (the last to be based on
the 2000 Census) and adjust for the April 2010 decennial census
wedge using the formula given earlier. This adjustment delivers es-
timates for 2000–02 on a multi-race basis.

2. We then convert these estimates from a multi-race basis to a single-
race basis. We assume that respondents who identify as a particular
race alone in the multi-race basis would identify as that race in the
single-race basis. For respondents identifying as a combination of
races, we assume that they would be equally likely to identify as any
race in the combination under the single-race basis. This approach
delivers single-race-basis estimates for 2000–02.

3. We can additionally take the single-race basis estimate for April 2000
and use it to compute the decennial census wedge for that date, com-
paring against the last PEP estimate for April 2000 based on the 1990
Census (which used the single-race survey question). Smoothing this
wedge back gives single-race-basis estimates for 1990–2000.

The result of these steps is population series that reflect the latest estimates
and are consistent with the CPS questionnaire over 1990–2002. Although
we smooth through decennial census breaks, our harmonized estimates by
race have a break in January 2003, when the classification changes from a
single race to multiple races.

1980–90 estimates basis: The latest vintage of PEP estimates for 1980–90
is available only at a quarterly frequency and covers only the civilian popu-
lation. To get monthly estimates for the civilian noninstitutionalized popula-
tion, we make two adjustments. First, we interpolate the quarterly series to
monthly. Second, we multiply each estimate by the ratio of civilian noninsti-
tutionalized population to civilian population on April 1990, separately by
demographic group.
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4.2. Reweighting and composite estimation

With a set of consistent, harmonized population estimates in hand, we then
replicate the BLS’s weighting procedure. Since the published microdata
weights already include the adjustments based on geography (described
earlier in the first phase of the BLS weighting), we do not need to replicate
this step. We take the published second-stage weights and then replicate
the second phase of the BLS weighting using our harmonized population
estimates.8 Section B in the appendix provides additional details.

The first step in reweighting is replicating the “national coverage step”. We
divide CPS respondents into demographic cells defined by the intersection
of age, sex, race, ethnicity, and month-in-sample (MIS). (See table B1 in
the appendix for the cell definitions.) For a demographic cell d, we modify
the published second-stage weights wSecond stage

i, t of individuals in the group
to match the population target pHarmonized

t, d , giving the national-coverage-
adjusted weight wNatl. coverage

i, t :

(1) wNatl. coverage
i, t = wSecond stage

i, t

(
pHarmonized
t, d∑

i∈dwSecond stage
i, t

)
for i ∈ d.

The next step is to replicate second-stage weighting. CPS respondents are
divided into two distinct sets of groups: one defined by the intersection of
race, sex, age, and MIS and the other defined by the intersection of ethnic-
ity, sex, age, and MIS. (See tables B2 and B3 in the appendix for the cell
definitions). For 10 iterations, weights are updated to match each of these
targets in turn. At each iteration, the previous weights w′

i, t are updated into
new weights w′′

i, t:

(2) w′′
i, t = w′

i, t

(
pHarmonized
t, d∑

i∈dw′
i, t

)
for i ∈ d

8. We note that our procedure omits the state-level weighting steps in the BLS’s proce-
dure. Between the national coverage step and second-stage weighting, the BLS implements
a “state coverage step”, which matches state-level demographic totals. Also, during second-
stage weighting, the BLS targets a third set of population estimates at the state/sex/age
level, in addition to the race and ethnicity targets that we use in our replication. The PEP
estimates that form the external population controls do not include state-level monthly es-
timates of the CNP by demographic group, so we are unable to directly replicate the state
weighting steps with these estimates. Incorporating state-level population estimates is out-
side the scope of the current analysis, but this is a fruitful direction for future research.
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using each of the definitions of demographic group cells d. This iterative
proportional fitting, or “raking”, procedure ensures that both sets of targets
are matched as well as possible (Stephan 1942).

After replicating these steps, we can produce second-stage weights consis-
tent with our harmonized population estimates. These weights are updated
at the individual level in the microdata, making it possible to reproduce any
analysis in the microdata in a way that is consistent with harmonized pop-
ulation. Researchers can benefit from these weights in that they do not re-
quire any changes to researchers’ methodologies, only using a new weight
variable instead of the published weights. For calculating monthly averages
(or any other moment) in the microdata, the second-stage weights are the
preferred choice of weight.

To produce time series for major labor force statistics, such as the unem-
ployment rate or the LFPR, we replicate the BLS’s composite estimation pro-
cedure described on pages 76–78 of CPS Technical Paper 77. (See section C
in the appendix for details, including cell definitions.) The BLS’s method
follows Breau and L. Ernst (1983) in calculating the composite estimate
for employment as a weighted average of two separate estimates: a “lev-
els” estimate, defined as total employment among all rotation groups in the
current month, and a “changes” estimate, defined as the previous month’s
composite estimate plus the change in employment among rotation groups
that can be matched longitudinally backward in time (i.e., MIS 2–4 and
MIS 6–8).9

We verified that our procedure exactly replicates the BLS’s composite esti-
mates when using the published second-stage weights, lending credence
that our estimates using our new harmonized population estimates are con-
sistent with the BLS’s methodology.10

9. The estimate also includes an adjustment for the difference in employment between
incumbent and entering rotation groups. The composite estimate for unemployment is
defined similarly as for employment. For both variables, we take the coefficients on each
term in the composite estimate from CPS Technical Paper 77.
10. We are able to replicate the BLS’s composite estimates for most months over 2003–10,

which is the period using the modern composite estimator and before the BLS began per-
turbing respondent information in the public-use microdata files (PUMF). Beginning in
January 2011, the Census Bureau incorporated additional safeguards in the CPS PUMF to
ensure that respondent identifying information is not disclosed. In general, respondents’
ages were altered, or “perturbed”, in the PUMF to further protect the confidentiality of sur-
vey respondents and the data they supply. Thus, although we cannot exactly match the
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An additional benefit of our replication is that we can construct composite
estimates consistently for the entire period that CPS microdata are available.
The BLS’s current composite estimation procedure was introduced only in
January 1998 and coincided with the introduction of convenience compos-
ite weights into the microdata.11 We apply the BLS’s current composite pro-
cedure throughout and provide microdata weights consistent with these
estimates.

4.3. Seasonal and other time‐series adjustments

To maximize compatibility with published estimates, we use published
seasonal factors instead of re-estimating seasonal factors. Our focus in
this analysis is on the effect of adjusting for population revisions, and so
re-estimating seasonal factors would risk complicating the differences be-
tween our estimates and published series by introducing an additional mar-
gin along which they could differ. Nonetheless, adjusting for population
revisions could affect the seasonality of the series, and so re-estimating sea-
sonal factors might deliver notably different estimates.12 We view this step
as a useful extension for future research to consider.

The CPS implemented a major redesign in January 1994, which changed
the measurement of many of the estimates derived from the CPS. We ap-
ply adjustment factors from Polivka and Miller (1998) to our harmonized
time series for 1948–93, so that the resulting series are comparable with
the post-redesign measures.

Additionally, we extend key time series back to 1948, by adjusting the pub-
lished series for known breaks. CPS microdata are only available starting
in 1976, so for earlier years, our harmonized series are derived from the

BLS’s published estimates after 2010, which are based on unperturbed data, our estimates
are very close.
11. Under the old procedure, composite estimation was performed at the macro level,

combining the second-stage estimate for the current month with the composite from the
preceding month and an estimate of change from preceding to current month. Over time,
the CPS refined the composite, updating the weights used in the weighted average as well
as adding a component that captures the net difference between the incoming and continu-
ing parts of the current month’s sample. See U.S. Census Bureau (2002, 2019).
12. Additionally, if we re-estimated seasonal factors, we would be able to estimate fac-

tors for January in the same way as for other months, in contrast to the official estimates,
which are affected by controlling for a level shift each year due to the introduction of new
population estimates.

Page 18 of 67



published time series. We collect information reported in historical issues
of Employment and Earnings about the effect of the updated population con-
trols and use it to smooth out the discontinuities in the time series for the
CNP and key labor force statistics. The data and methods for harmonizing
the pre-1976 time series are described in section D2 of the appendix. All
told, our harmonized time series cover 1948–2024 for the major labor force
statistics and demographic groups.

4.4. Validating our methodology

With each January employment report, the BLS releases special tabulations
of December data that incorporate the new population controls to show
their effect on the labor force data. Since our methodology uses the latest
population estimates, our harmonized series should match these special
tabulations for December. Indeed, as shown in table D2 in the appendix,
our estimates are very close to the BLS’s special tabulations for December
2024.13 As a result, we are confident that our methodology reproduces the
BLS’s weighting, composite estimation, and time-series adjustment steps as
accurately as possible with publicly available data.

5. Results

Our time-series estimates based on harmonized population estimates pro-
vide new estimates of headline labor force statistics. In this section, we
present several of these series and describe the important differences rel-
ative to published series. Particularly in the post-pandemic period, our se-
ries show notable differences from the published LFPR and population es-
timates, both overall and for specific groups. However, the unemployment
rate has been less affected by revisions to population estimates.

13. The small differences may be due to the effects of privacy protections in the CPS mi-
crodata, particularly perturbing ages in the published microdata. The published revision
table is calculated based on unperturbed microdata used internally by BLS, while our esti-
mates use the perturbed public data.
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5.1. Headline series

We start by presenting updated estimates for population, the LFPR, and the
unemployment rate. These headline measures constructed from the CPS are
among the most examined labor market indicators.

Our population estimates are notably smoother than published data. The
top panel of figure 4 shows the CNP for men and women aged 16 years or
older. The published versions of these series have sharp time-series breaks
stemming from the introduction of new population estimates, which are
not present in our series.14 As shown in the lower panel, our harmonized
estimates can be either above or below the published series, and these dif-
ferences can persist for substantial periods (e.g., our estimate for men is
more than 1 million above the published series for most of 2017–21). More-
over, the differences vary by characteristics, and not necessarily in offset-
ting ways.

As shown in figure 5, our harmonized estimate of the LFPR (the blue line)
differs from the published series (the orange line).15 Our harmonized esti-
mate is more than 0.4 percentage point (pp) above the official estimate in
1976, mostly reflecting the adjustment for the CPS redesign, which boosts
our estimate by 0.4 pp over 1976–93. (The upward shift in the published
LFPR in January 1994 is visible in the upper panel.) The published series
jumps above our estimate in 1994, because we adjust for the CPS redesign
while the published series does not, and remains about 0.2 pp above over
the 2000s. The published series falls below our harmonized series in 2012,
when the BLS first incorporated population estimates based on the 2010
Census into the CPS, with the gap rising to about 0.4 pp at the start of 2020.
The published LFPR jumped more than 0.2 pp in January 2022, when pop-
ulation estimates based on the 2020 Census were introduced, narrowing
much of the gap to the harmonized series. It is notable that the harmonized

14. In the past, the BLS has produced research series of various labor force statistics that
seek to smooth some breaks in the labor force statistics that result from the switching to
new population estimates each January (DiNatale 2003). More recently, the BLS produced
experimental series for the level of the labor force, employment, and unemployment from
April 2020 forward that seek to account for the sizable revisions to the population in the
V2024 estimates (Bureau of Labor Statistics 2025). Section E in the appendix discusses the
differences between our approach and the BLS’s experimental series.
15. Figure D5 in the appendix shows the implications for men’s and women’s LFPR.
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Figure 4. Civilian noninstitutionalized population, harmonized and published
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LFPR is both above and below the published LFPR at various points over
time, with the difference between the two changing sign several times.

Despite the sizable differences in population and the LFPR, our estimate for
the unemployment rate is generally quite close to the published series. In
fact, the two series in figure 6 are well within one-tenth from 1994 forward.
The similarity of these two series likely results from the unemployment rate
varying less across demographic groups than does the LFPR, so revisions
to population shares (especially for older individuals) will have a larger ef-
fect on the LFPR relative to their effect on the unemployment rate. Before
1994, the harmonized series is somewhat above the published series, re-
flecting two factors. First, adjusting for the CPS redesign added 0.1 pp to
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Figure 5. Labor force participation rate, harmonized and published
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the pre-1994 series. Second, the introduction of population estimates based
on the 1990 Census raised the relative population and labor force shares
of younger people, who tend to have higher-than-average unemployment
rates.16

5.2. Recovery of labor force participation after the COVID‐19 pandemic

Accounting for population revisions has been important for understanding
the recovery in the LFPR following the pandemic. Updated population es-

16. Figure D6 in the appendix shows the joint implications of the LFPR and unemploy-
ment rate for the employment-to-population ratio ratio.
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Figure 6. Unemployment rate, harmonized and published
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timates released since 2020 have seen fairly large revisions from several
novel factors, including the incorporation of the 2020 Census and revisions
to mortality source data to reflect excess deaths during the pandemic and
updated estimates of immigration capturing the 2021–24 surge in net en-
try. Each of these factors is likely to change population differentially across
demographic groups, especially across the age distribution, which has im-
portant consequences for the LFPR. Our approach corrects for these factors
consistently across the history of the series, allowing for separate revisions
to each period depending on the underlying source data.
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Figure 7. Labor force participation during and after the pandemic
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Figure 7 compares our LFPR estimate with the published series, showing
several notable differences. First, our estimate is 0.4 pp higher than the
published series on the eve of the pandemic in February 2020. This differ-
ence stems largely from the difference between the PEP estimates over the
2010s and the final count from the April 2020 decennial census, the lat-
ter of which saw upward revisions to population for high-LFPR age groups,
particularly men aged 35 to 60, and downward revisions to population for
low-LFPR age groups, especially men and women over 75. Incorporating
this revision into the population estimates, which the published data do not,
results in a higher estimate for the LFPR pre-pandemic.

Second, our estimate shows a more consistent pace of recovery from mid-
2020 through mid-2023. Over this period, the LFPR rose ¼ pp per year,
with only modest fluctuations around this trend. In contrast, the published
data show a notable pickup in the pace of recovery of the LFPR in late 2021
into early 2022. However, this difference in the pace of the LFPR recovery
is entirely attributable to the population revision implemented in January
2022, which revised up the LFPR by 0.2 pp that month. Smoothing out this
break, as our estimate does, reveals the steady pace of the LFPR improve-
ment in the post-pandemic period.
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Third, as a result of these differences, our estimate delivers a more accu-
rate assessment of the gap between the pre- and post-pandemic LFPR. The
population revision implemented in January 2022 incorporated both the
new decennial census data for 2020 and updated estimates of mortality for
2020. Each of these factors could explain why the population of low-LFPR
age groups revised down, and thus why the LFPR in early 2022 revised up,
but they would have very different implications for whether the February
2020 LFPR would revise up. Our approach relies on the underlying pop-
ulation estimates to distinguish between these factors, so we do not need
to make assumptions about how historical population revised. In this case,
our estimate for the February 2020 LFPR also revised up by 0.2 pp, indicat-
ing that the 2020 Census data were the dominant factor. As a result, the
gap between the pre- and post-pandemic LFPR in our estimates was un-
changed from this revision (since both revised up 0.2 pp), while the gap
for published estimates revised to be 0.2 pp narrower. In this way, the pub-
lished estimates overestimated the LFPR recovery relative to pre-pandemic
conditions starting in 2022, while our estimates do not.

5.3. Trends in native‐born population

An additional example of the value of our approach comes from examining
trends in the native-born population in recent years.17 Note that nativity
is not a targeted characteristic, although it is likely to be correlated with
the intersection of demographic characteristics that are targeted. Figure 8
shows estimates of the prime-age (25 to 54) native-born population for men
(in green) and women (in pink), where these series are calculated from
the published CPS weights. The series for men declines over 2010–15 (with
a particularly sharp drop in January 2012), a period when the prime-age
population should be increasing. In addition, the population for women de-
clines over 2020–23, while the population for men moves sideways on net.
These patterns are puzzling and make taking these estimates at face value
difficult.

However, the unusual pattern when using published microdata weights
stems from the inconsistencies introduced by outdated population esti-
mates. The blue and orange lines in figure 8 show estimates of the same

17. We thank Brian Kovak for bringing this example to our attention.
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Figure 8. Native-born prime-age population for men and women
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series using our weights constructed to be consistent with our harmonized
population estimates. Using our harmonized estimates, we find that the
native-born prime-age male population rose throughout the 2010s and was
relatively flat since then—a very different pattern than when using the pub-
lished weights. These series show similar patterns for men and women fol-
lowing the pandemic, with a decrease over 2020–23 and then flattening
afterward. Correcting for population revisions makes it clear that the pat-
tern for women is not an anomaly; the same forces are leading to similar
outcomes for men, but this fact is obscured in the published data due to dif-
ferent revisions to the population of men and women.

This example highlights a major advantage of our approach— namely,
that it can produce a corrected estimate of any series calculable from the
CPS microdata. Our approach not only delivers new estimates of the major
headline series that the BLS releases, but it also allows for calculating series
for more detailed demographic groups than the BLS releases while main-
taining the consistency with harmonized population estimates. Researchers
wanting to account for updated population estimates in their analysis do
not need to use a separate data source or apply any form of raking— they
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can simply repeat their analysis using our updated weights and get new es-
timates.

5.4. Immigration adjustment for 2021 to present

In January 2024, the CBO released its annual demographic projections
(Congressional Budget Office 2024). This usually staid report was a block-
buster, as the CBO estimated a substantially higher level of population than
official estimates from the Census Bureau indicated at the time, with higher
immigration accounting for nearly all of the difference. This upward revi-
sion largely stemmed from information in administrative records tabulated
by the Department of Homeland Security (DHS) that measured direct flows
across the border, which indicated much higher rates of inflows in recent
years than previous methods captured. With the Census Bureau’s next vin-
tage of population estimates, the V2024 estimates released in December
2024, the Census Bureau updated its methodology to incorporate admin-
istrative data on immigration inflows, similar to those used by the CBO.18
As a result, the official V2024 population estimate for December 2024 (the
blue line in figure 9) revised up by 3.5 million compared with the Census
Bureau’s previous estimate (the orange line).

An advantage of our method is that it can be used to estimate microdata
weights and labor force statistics consistent with alternative population esti-
mates, as long as one can estimate the population at a sufficiently detailed
level. This section summarizes how our method could have been used in ad-
vance of the V2024 estimates to update microdata weights and labor force
statistics to account for higher immigration. Section F of the appendix pro-
vides a more detailed description.

Nearly all the revision to the Census Bureau’s population estimates from
V2023 to V2024 can be attributed to revisions in estimated net immigration.
Thus, we can achieve a close approximation of the V2024 estimates if we as-
sume that the V2023 population estimates are accurate for the native-born
population and solely focus on estimating the revision to net immigration
from V2023 to V2024.

18. Gross et al. (2024) summarizes the V2024 estimates and sources of revision.
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Figure 9. Recent vintages of the civilian noninstitutionalized population

2021 2022 2023 2024 2025

328

330

332

334

336

Millions

V2024
V2023 + immigration
V2023

Note: Series labeled “V2023 + immigration” adds to the V2023 series our estimate of immigra-
tion inflows; both series extend through December 2024 and overlap for most of the period.

Source: Census Bureau; authors’ calculations.

The primary source of the revision to the Census Bureau’s estimate of net
immigration was incorporating administrative data sources on humanitar-
ian migration from July 2021 through June 2024.19 Our calculations use
the same monthly administrative data on humanitarian migration as those
used by the Census Bureau.20 Because a portion of these inflows were likely
already captured by the American Community Survey (ACS) data, we fol-
low the Census Bureau’s approach of assuming that only 75 percent of the
humanitarian migration inflows should be passed through to the revision to
net immigration. After this scaling, humanitarian migration boosts the av-
erage pace of net immigration by about 75,000 per month over those three
years.

19. Additionally, part of the revision likely stems from updating the ACS source data.
For instance, the V2024 net immigration totals use the 2023 ACS to estimate unadjusted
foreign-born immigration for July 2022 to December 2024, whereas the V2023 estimates
had to rely on the 2022 ACS. We calculate that switching from the 2022 to the 2023 ACS
data boosted the V2024 estimate of net immigration by about 20,000 per month for this
30-month period.
20. We use administrative data from the DHS on monthly inflows of migrants who were

either released by U.S. Border Patrol with a notice to appear before an immigration judge
or granted parole by the Office of Field Operations. We also use data published by the
Department of State’s Refugee Processing Center on the monthly number of refugee admit-
tances.
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Figure 10. Labor force level
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Next, we distribute the revision to foreign-born immigration to the demo-
graphic groups that we control our harmonized CPS estimates to. Specif-
ically, we sum humanitarian migration by region of origin and year and
distribute those totals to characteristics using proxy universes of recently ar-
rived foreign-born individuals tabulated from the ACS. We then sum across
regions to get immigration-adjusted population estimates.

By mapping the revision to net immigration into the revision for detailed
demographic groups, we can approximate the Census Bureau’s V2024 head-
line population estimates. Returning to figure 9, we see that our immigration-
adjusted estimates (the green line) are nearly indistinguishable from the
V2024 estimates (the blue line).

We next calculate new microdata weights that control to this alternative
population and, using those weights, time-series estimates of the labor force
statistics. As shown in figure 10, the labor force level estimated from our
immigration-adjusted population (the green line) is very close to the har-
monized series (the blue line), which is based on the V2024 population esti-
mates. Indeed, our alternative estimates correctly identify a modest positive
effect on the LFPR (0.12 pp, figure 11a) and a negligible effect on the un-
employment rate (0.02 pp, figure 11b) as of December 2024. These results
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demonstrate the advantages of being able to assess the effect of alternative
population estimates in advance of revisions to the official population esti-
mates.

6. Conclusion

In this paper, we outline a methodology for producing harmonized popula-
tion and labor force statistics. Our approach addresses the issue of yearly
discontinuities in official statistics and CPS microdata, providing a set of
time series consistent with the latest population estimates. These series
shed new light on the post-pandemic labor market recovery, indicating that
the labor force shortfall in recent years has been about 1.5 million larger
than published data indicate. We provide harmonized time series of the
population and key labor force statistics extending back to 1948 for all ma-
jor demographic groups. In addition, the accompanying microdata weights
also offer researchers a straightforward way to reproduce any CPS calcula-
tion or statistic adjusted for population revisions. We plan to update both
the microdata weights and the harmonized time series annually to reflect
each new vintage of population estimates from the Census Bureau.

Although we focus on harmonizing labor force statistics to reflect the lat-
est official population estimates, our approach can also be used to produce
labor force statistics consistent with alternative population estimates. Our
estimates incorporate the latest Census Bureau population estimates, which
account for the upward surprise to net immigration into the United States
in recent years. However, if immigration continues to outpace projections
(or falls below current projections), one would only need to add an esti-
mate of this error to (or subtract an estimate of it from) the demographic-
specific population estimates and then follow our methodology to produce
time series that reflect these population surprises.

There are additional improvements to our methodology that remain for fu-
ture work. We have replicated the BLS’s procedures for weighting to match
demographic population controls, but in the future, it would be helpful
to additionally replicate matching the geographic targets as well. Our ap-
proach makes several simplifying assumptions, including linearly distribut-
ing the decennial census surprises over the preceding decade, using civil-
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Figure 11. Effects of alternative population estimates on labor force statistics
(a) LFPR
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ian population estimates to impute the CNP for 1980–90, and distributing
multiple-race-identifying respondents to harmonize the change in race cat-
egories, each of which could be oversimplifying and may merit further ad-
justments. We also have not explored estimating seasonal factors for our
harmonized series, which are likely similar to the seasonal factors for pub-
lished series that we use, but could differ somewhat in practice.
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Appendix
The data work and calculations in this paper are performed using the Ju-
lia programming language (Bezanson et al. 2017). Tabular data manipu-
lation comes from the DataFrames package (Bouchet-Valat and Kamiński
2023). Graphics are created using the Makie plotting library (Danisch and
Krumbiegel 2021).

A. Harmonized population estimates

We construct a harmonized monthly time series for the civilian noninsti-
tutionalized population (CNP) by age, sex, race, and Hispanic origin from
January 1976 through December 2024. This requires merging population
estimates drawn from 6 different decennial censuses:

• 1970 Census base (January 1976–March 1980)
• 1980 Census base (April 1980–March 1990)
• 1990 Census base (April 1990–December 2002)
• 2000 Census base (January 2003–March 2010)
• 2010 Census base (April 2010–March 2020)
• 2020 Census base (April 2020–present)

Our harmonized estimates are derived primarily from data published by the
Census Bureau’s Population Estimates Program (PEP).21 The Census Bureau
produces two types of population estimates:

21. This section summarizes information from U.S. Census Bureau (2024a,b).
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1. Postcensal estimates are time series of the population since the most
recent decennial census, constructed using measures of population
change. In particular, the population estimate at a given date starts
from a population base (e.g., the previous decennial census or the
previous date in the time series) and adds births, subtracts deaths,
and adds net migration. Each vintage of estimates includes all years
since the most recent decennial census and supersedes any previously
produced estimates, as the latest vintage is based on more up-to-date
data.

2. Intercensal estimates smooth the transition from one decennial census
count to the next. Specifically, they reconcile the final postcensal esti-
mates from a census base with the actual count from the subsequent
census in order to provide a consistent time series of population esti-
mates over the decade that reflects the latest census results.

Thus, the intercensal estimate represents the best estimate of the monthly
path of the population over a decade that is consistent with both the start-
ing and ending census bases, which are the most accurate counts of the pop-
ulation at those two points in time. For example, the latest intercensal es-
timates adjust the final 2010–20 postcensal estimates—which start from
April 1, 2010 and extend through April 1, 2020— to account for differences
between the postcensal estimates for April 1, 2020 and the 2020 Census.
(See figure 3 in the main text for an example.)

Technically, because the relevant population for the Current Population Sur-
vey (CPS) is the CNP, we use the CNP “estimates base” as the starting point
for each vintage of population estimates rather than the “census base”. In
addition, the PEP’s CNP estimates based on the 2020 Census use a “blended
base”— which uses the full count for aggregate statistics and estimates
to get demographic subtotals— as the starting point (U.S. Census Bureau
2024b).

A1. Calculating intercensal estimates

The official intercensal estimates by characteristics are produced only for
the resident population or only at annual frequency. Thus, we construct
our own monthly estimates for the CNP using the Census Bureau’s latest
methodology (U.S. Census Bureau 2024a). For most periods, the PEP pub-

Page 36 of 67



lishes estimates of the monthly national CNP by age, sex, race, and Hispanic
origin. (We refer to age, sex, race, and Hispanic origin collectively as “char-
acteristics”.)

We start from the PEP’s final postcensal estimates for a decade and calcu-
late the difference between the April 1st population estimate (which is
based on the previous census) and the current census population estimates
base. This difference is then distributed linearly over the decade:

(A.1) Pit = Qit + t×
(PiD − QiD

tD

)
,

where

t = Days since April 1 of previous census base
D = April 1 of the current census base (3652 or 3653, depending on
the number of leap years)
Pit = Intercensal estimate for group i at day t
Qit = Postcensal estimate for group i at day t
PiD = April 1 population estimates base for group i from current cen-
sus
QiD = April 1 postcensal estimate for group i based on previous cen-
sus.

We estimate these smoothed time series separately for each group (defined
by single-year age, sex, race, and Hispanic origin). One potential downside
of linear interpolation is that it can result in negative values, particularly
when the time-series values are small and the variation over time is large
relative to the mean. To avoid these situations, we aggregate ages 90 or
older for a given sex, race, and Hispanic origin before constructing our in-
tercensal estimates. This is sufficient for equation (A.1) to be weakly posi-
tive for all groups.

The remaining subsections provide details about each intercensal estimate.

A2. 1970 Census base (January 1976 to March 1980)

The Census Bureau does not have monthly estimates of CNP by characteris-
tics before the 1980 Census base, so we used the Bureau of Labor Statistics
(BLS)’s published estimates of the CNP by sex, age group, and race as inde-
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pendent targets. These characteristic groups become the starting points for
calculating the population targets.

We take the monthly published population for 48 characteristic groups by
sex, age (16 to 17, 18 to 19, 20 to 24, 25 to 34, 35 to 44, 45 to 54, 55 to
64, and 65 and older), and race (White, Black, and all other races). Al-
though there are no breaks in the published levels— the series are post-
censal estimates from the 1970 Census base—we need to construct an in-
tercensal estimate so that they match the 1980 Census base. To do this, we
calculate the April 1980 CNP for these groups from the 1980 Census base
(described in the next subsection) and smooth the error of closure back to
April 1970.

A3. 1980 Census base (April 1980 to March 1990)

There are no monthly population estimates by characteristics. We start with
quarterly estimates of the civilian population (CP) by characteristics and in-
terpolate them to monthly. We then sum the interpolated monthly values to
a national total and rake that to the published monthly national population
total.

Next we create an estimate of the CNP. From the 1990 Census base, which
reported estimates by characteristics for the CP and CNP, we calculate the
ratio of the CNP to CP on April 1, 1990. We then multiply our CP estimates
from the 1980 Census base by that ratio.

A4. 1990 Census base (April 1990 to December 2002)

As described in Office of Management and Budget (1997), two major changes
to the race categories took place between the 1990 and 2000 censuses:

1. In previous censuses, responses to the race question were limited to a
single category; in 2000, for the first time, respondents could check as
many boxes as necessary to identify their race.

2. The “Asian and Pacific Islander” category was separated into “Asian”
and “Native Hawaiian or Other Pacific Islander”.

Before January 2003, the CPS was controlled to 3 race categories: “White”,
“Black”, and “all other races”. (Hispanic origin is considered an ethnicity,
not a race. Hispanics may be of any race.) From January 2003 forward,
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Figure A1. Population of 22-year-old non-Hispanic Black women
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Note: Solid circles denote the 2000 Census base. The break in the harmonized series in January
2003 reflects a change in the concept of race.

Source: Authors’ calculations using data from the Census Bureau.

the CPS was controlled to 4 race categories in the national coverage step
(“White alone”, “Black alone”, “Asian alone”, and “all other races”) and to 3
race categories in the second-stage race-sex-age step (“White alone”, “Black
alone”, and “all other races”).

Figure A1 shows an example of how we harmonized the population esti-
mates by race. The blue line is the population for 22-year-old non-Hispanic
“Black” women from the Vintage 2000 postcensal estimate. Before the 2000
Census, the category “Black” included some individuals who would have
selected multiple races if they had the choice to do so. From April 2000 for-
ward, the Census Bureau’s estimates are reported for “Black alone” (the or-
ange line) and “Black alone and in combination” (the green line). Our har-
monized estimate (the black line) converts the estimates from a multi-race
basis to a single-race basis over 2000–02. The new race categories were
first introduced in the CPS in January 2003, at which point the harmonized
estimate switches (discontinuously) to “Black alone”.22

22. The harmonized series is below the Census Bureau’s series because ours is an inter-
censal estimate that incorporates the 2010 Census, which was lower than estimated in the
Vintage 2000 estimate.
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We create population targets for 1990–2002 in three steps. The first step is
to calculate the intercensal estimate for 2000–10 on a multi-race basis from
the 2000 Census base, which is required because the postcensal estimates
for 2000–02 do not incorporate revisions stemming from the 2010 Census.
This ensures that the population from April 2000 to December 2002 is con-
sistent with the 2010 Census estimates base.

The second step is to convert the intercensal estimate from step one to a
single-race basis. The total for a race on a single race basis is equal to the
number reporting that race alone, plus a fraction of those reporting that
race in combination. (The next section describes how that fraction is calcu-
lated.) This provides the April 2000 population level that is consistent with
the 1990 race categories.

Finally, the third step is to compute the error of closure for April 2000 on a
single-race basis and create the intercensal estimate for 1990–2000.

A4.1. Estimating single‐race categories for the 2000 Census base

From 2000 forward, the postcensal estimates by characteristics published by
the Census Bureau report race for 5 race categories

• White
• Black or African American
• American Indian and Alaska Native
• Asian
• Native Hawaiian and Other Pacific Islander

The data include estimates for “R alone” and “R alone or in combination”,
as well as a category for two or more races.

To make these categories historically comparable for the CPS population
targets, we need to reclassify a fraction θR of individuals in the “R in combi-
nation” category as in the “R alone” category.

The total for a race on a single-race basis is equal to the number reporting
that race alone, plus a fraction of those reporting that race in combination.
The assumption underlying our adjustment is that those reporting a combi-
nation would have been equally likely to report any of their races under the
single race concept.
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The number of people reporting a combination including race R is equal
to the number reporting R either alone or in combination (rac) minus the
number reporting r alone (ra). Summing this across races will double count
these individuals, so the total should be roughly twice the number of people
reporting two or more races. This ratio is θR.

For each category R, the first-stage adjustment is

(A.2) δR = max

(
0, Rac

Ra − 1
)
,

which is the fraction of “R alone or in combination” that exceeds “R alone”.
However, because individuals can select as many races as necessary, the
first-stage adjustment may not sum to the “two or more” category. To ac-
count for this, define

(A.3) Θ =
(wac− wa) + (bac− ba) + (iac− ia) + (aanac− aana)

tom ,

which accounts for the fact that the sum of the “in combination” races is
greater than the total population. Θ is a bit bigger than 2 (since every per-
son who selects more than one race picks at least 2).

All told, the adjustment is

(A.4) θR = 1+
δR
Θ
.

The ratios are calculated from the Vintage 2009 data (intercensal estimate,
to account for errors from the 2010 Census) and is done separately for each
month, sex, age, and ethnicity. After the adjustment, we sum the population
to race and ethnicity categories that existed in the single race concept.

A5. 2000–2020 Census bases (January 2003 to December 2024)

Calculating the 2000–10 and 2010–20 intercensal estimates is straightfor-
ward, as the postcensal estimates for this period contain all the necessary
information. For each census base, we calculate the error of closure for the
final postcensal vintage of a census base and smooth that error back to April
1st of the previous decade using equation (A.1). Finally, for the current cen-
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sus base (2020), we can simply use the latest postcensal estimate, currently
Vintage 2024.

The table below lists the postcensal vintages used in our estimates:
Census base Period covered Postcensal data source

2000 January 2003–March 2010 Vintage 2009
2010 April 2010–March 2020 Vintage 2020
2020 April 2020–present Vintage 2024

B. Calculating second stage weights

We take the published CPS second-stage weight as a starting point and
reweight to match our harmonized population targets, following mostly the
same procedure as the BLS uses to construct the original weights. Reweight-
ing starts by matching national demographic totals at a disaggregated level
(“national coverage step”), before iteratively matching multiple demographic
targets along different dimensions (“second-stage weighting”). In our reweight-
ing, we do not implement the state coverage step or the state/sex/age com-
ponent of the second-stage weighting since the population targets for these
steps are not publicly available.

National coverage step

We adjust the second stage weights so that the totals by demographic groups
match our harmonized population estimates. Records are grouped into four
month-in-sample (MIS) pairs: MIS 1 and 5, MIS 2 and 6, MIS 3 and 7, and
MIS 4 and 8. Each MIS pair is then adjusted to age/sex/race/ethnicity pop-
ulation controls using the following formula:

(B.1) YNC
jkt = YFS

jkt ×
Cjt
Ejkt

where

YFS
jkt = sum of first-stage weights for month t in cell j and MIS pair k,

Cjt = national coverage adjustment control for month t in cell j,
Ejkt = weighted tally (using first-stage weights) for month t in cell j
and MIS pair k.
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The cells for the national coverage step are defined table B1. Some ages
needed to be grouped together in order to maximize demographic detail
while limiting cells with fewer than 20 persons responding each month.
The degree of demographic detail varies over time based on the information
available. Some noteworthy limitations that informed our choice of cells:

• We do not have independent population targets by Hispanic origin
before April 1980

• Children’s records are not present in the public-use microdata files
(PUMF) before January 1982

For 2003 forward, we use largely the same cells as the BLS reports in Cur-
rent Population Survey Design and Methodology Technical Paper 77 (U.S.
Census Bureau 2019, hereafter “CPS Technical Paper 77”). One difference
is that we control ages 16 to 17 and ages 18 to 19 separately, whereas Ta-
ble 2-3.1 has a single group for ages 16 to 19. The BLS did not target “Asian
alone” as a separate race category until 2003, even though the CPS included
“Asian or Pacific Islander” as a response option starting in 1994; we fol-
lowed the BLS’s practice.

Second‐stage weighting

We next adjust the weights within each MIS pair such that the sample esti-
mates for demographic subgroups are matched to our harmonized popula-
tion controls. Two sets of controls are used:23

1. Ethnicity/sex/age: See table B2
2. Race/sex/age: See table B3

For 10 iterations, weights are updated to match each of these targets in
turn. At each iteration, the new weights, w′′

i, t, are calculated from the pre-
vious iteration’s weights w′

i, t:

(B.2) w′′
i, t = w′

i, t

(
pt, d∑
i∈dw′

i, t

)
for i ∈ d

23. We have not yet implemented the state/sex/age step.
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Table B2. Second-stage adjustment cell definitions by ethnicity, age, and sex
Hispanic Non-Hispanic

Age/Period 1 2 3 4 1 2 3 4
0–1
2–4
5–7
8–9
10–11
12–13
14
15
16–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–64
65 and older
Note: Shaded cells indicate an independent population target. All targets are computed sep-

arately for male and female. Period 1 is January 1976 to March 1980; there is no distinction by
ethnicity. Period 2 is April 1980 to December 1981. Period 3 is January 1982 to December 2002.
Period 4 is January 2003 to the present.

using each of the definitions of demographic group cells d, with pt, d rep-
resenting our harmonized population estimate for group d. This iterative
proportional fitting, or “raking”, procedure ensures that both sets of targets
are matched as well as possible (Stephan 1942).

As with the national coverage step, the degree of demographic detail varies
by time period. Some ages needed to be grouped together to avoid cells
with fewer than 20 persons responding each month.

In particular, for 2003 forward, our cell definitions for the ethnicity/sex/
age step are the same as in Table 2-3.3 of CPS Technical Paper 77. For the
race/sex/age step we use the same cells for “White alone” but have aggre-
gated a few cells in the “Black alone” and “All other races” categories rela-
tive to what is reported in Table 2-3.4 of CPS Technical Paper 77 because of
insufficient observations in the PUMF.
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Table B3. Second-stage adjustment cell definitions by race, age, and sex
White alone Black alone All other races

Age/Period 1 2 3 4 1 2 3 4 1 2 3 4
0
1
2
3
4
5
6
7
8
9
10–11
12–13
14
15
16–17
18–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–62
63–64
65–69
70–74
75 and older

Note: Shaded cells indicate an independent population target. All targets are computed sep-
arately for male and female. Period 1 is January 1976 to March 1980. Period 2 is April 1980 to
December 1981. Period 3 is January 1982 to December 2002. Period 4 is January 2003 to the
present.

Before 2003, the targeted race categories were “White” and “Black”; see section A4.
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C. Calculating composite weights

The composite estimators for employment and unemployment take an AK
form (Breau and L. Ernst 1983), combining estimates in levels and changes:

(C.1) ŶComposite
t = (1− K) ŶSecond stage

t︸ ︷︷ ︸
Level estimate

+K
(
ŶComposite
t−1 +∆t

)
︸ ︷︷ ︸
Previous + change est.

+A β̂t︸︷︷︸
Incoming
group chg.

The standard estimate in levels is given by:

(C.2) ŶSecond stage
t =

∑
wSecond stage

i,t 1 (Labor force status(i) = Y)

An alternative estimate is based on the change among continuing rotation
groups:

(C.3) ∆t =
4
3

 ∑
MIS(i)∈

{2−4,6−8}

wSS
i,t 1 (LFS(i) = Y)−

∑
MIS(i)∈

{1−3,5−7}

wSS
i,t−11 (LFS(i) = Y)


An additional adjustment is included for the difference between incoming
and incumbent rotation groups:

(C.4) β̂t =
∑

MIS(i)∈[1,5]
wSS

i,t 1 (LFS(i) = Y)− 1
3

 ∑
MIS(i)∈

[2−4,6−8]

wSS
i,t 1 (LFS(i) = Y)


We follow the BLS in using A = 0.3 and K = 0.4 for the level of unemploy-
ment, and A = 0.4 and K = 0.7 for the level of employment (CPS Technical
Paper 77).

The composite weighting process proceeds iteratively, similar to the raking
process to compute the second-stage weights. Within each labor category,
a three-dimensional rake is applied, using the second-stage estimate at the
state level as one step and national second-stage estimates for age/sex/race
(table C1) and age/sex/ethnicity (table C2) as the second and third steps.24

24. For state-level estimates, California and New York are split into two parts and each
part is treated like a state. California is split into Los Angeles County and the rest of Cal-
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Table C1. Composite national race cell definitions
White alone Black alone All other races

Age/Period 1 2 3 4 1 2 3 4 1 2 3 4
16–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65 and older

Note: Shaded cells indicate a composite target for employment and unemployment. All targets
are computed separately for male and female. Period 1 is January 1976 to December 1988. Period
2 is January 1989 to December 2002. Period 3 is January 2003 to December 2018. Period 4 is
January 2019 to the present.

Before 2003, the targeted race categories were “White” and “Black”; see section A4.

Table C2. Composite national ethnicity cell definitions
Age Hispanic Non-Hispanic
16–19
20–24
25–34
35–44
45 and older
Note: Shaded cells indicate a composite target for employment and unemployment. All targets

are computed separately for male and female.

D. Time series

D1. Adjustments for the CPS redesign

As Polivka and Miller (1998, page 249) detail, in January 1994, the CPS
underwent a major redesign both in the wording of the questionnaire and
the methodology used to collect the data. The objective of the redesign was
to improve the quality and expand the quantity of available data. However,
the redesign also caused changes in the measurement of many of the esti-
mates derived from the CPS. Polivka and Miller estimate adjustment factors

ifornia. New York is split into New York City (New York, Queens, Bronx, Kings, and Rich-
mond Counties) and the rest of New York. The District of Columbia is treated as a state.
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for various aggregate measures derived from the CPS in order to permit
comparisons of estimates before and after the redesign.

We apply their adjustment factors to our harmonized time-series from 1948–93,
so that the resulting series are comparable to the post-redesign measures.
We calculate labor force statistics for 30 groups (15 age groups × 2 gen-
ders). Finally, we use the multiplicative factors for the labor force participa-
tion rate (LFPR) and the employment-to-population ratio (EPOP) ratio, by
demographic group, to adjust the levels of the labor force and employment.
The other labor force stocks are calculated by subtraction.

D2. Extending the time series back to 1948

Since our methodology for estimating harmonized labor force statistics uses
the CPS microdata, the paper’s main estimates start in January 1976, the
first month for which there are PUMF. However, there are also breaks in
the time series before 1976, arising from when the BLS incorporated up-
dated population estimates, but they occur less frequently than today be-
cause the external population controls were typically updated only once per
decade. However, the breaks that are present in the pre-1976 series tend to
be sizable and affect the composition of the population across demographic
groups.25

The key breaks in the time series before 1976 are listed in table D1. The
BLS reported the effect of the introduction of the updated population con-
trols in its monthly labor report. We collected the data from those reports
and used those to smooth out the breaks.

Table D1. Noncomparability of population and labor force levels

Date of break Reason Demographic detail
January 1953 Introduction of 1950 Census Sex/age
January 1960 Addition of Alaska and Hawaii n.a.
April 1962 Introduction of 1960 Census Sex/age/race
January 1972 Introduction of 1970 Census Sex/age/race
January 1974 Revised postcensal methodology Sex/age/race

25. For additional information, see “Appendix: History of the Current Population Survey”
beginning on page 29 of U.S. Census Bureau (2019) and the section “Noncomparability of
labor force levels” beginning on page 197 of the February 2006 issue of Employment and
Earnings (Bureau of Labor Statistics 2006).
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Our harmonized series adjust for all breaks except January 1960, when
Alaska and Hawaii were added to the CPS sample. Although their addi-
tion creates a one-time shift up in the population, we did not smooth this
break backwards, as it reflects a legal change in the United States popu-
lation rather than a statistical artifact. (We recognize, however, that this
distinction is not entirely bright.) We start by smoothing back the January
1953 revision and apply each subsequent adjustment in chronological order
to the previously adjusted time series.

The starting point for our harmonized time series are the published series
for the CNP, the civilian labor force, and civilian employment by sex (male
and female) and by 8 age groups (16 to 17, 18 to 19, 20 to 24, 25 to 34, 35
to 44, 45 to 54, 55 to 64, and 65 and older). Time series for the White race
category begin in January 1954 and those for the Black race category begin
in January 1972. Unfortunately, there is no information on the effects of
the updated population controls by race, so we use each race’s share of the
relevant level to allocate the revision.

January 1953 Updated population estimates drawn from 1950 Census
were introduced in January 1953. Population levels were raised by about
600,000, while the labor force and employment were increased by about
350,000, with the primarily affecting the figures for totals and for men;
other categories were relatively unaffected. The effects of the updated pop-
ulation controls for population and the labor force in 16 sex/age cells are
reported in Current Population Reports. Unfortunately, the article does not
include information about the effect on employment, so we adjusted em-
ployment such that the EPOP ratio in December 1952 was unaffected. The
resulting revisions are smoothed back linearly to April 1940. In practice,
however, because the published data begin in January 1948, the adjust-
ment is not neutral for the starting level (see figure D1).

April 1962 Updated population estimates drawn from 1960 Census were
introduced in April 1962. The population level was reduced about 50,000,
while the labor force was reduced about 200,000 and employment a bit
less; unemployment totals were virtually unchanged. The effects of the up-
dated population controls for population and the labor force in 16 sex/age
cells are reported in the May 1962 issue of Employment and Earnings (Bu-
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reau of Labor Statistics 1962). The effects on employment are reported by
sex and age group, but the youngest age group is 14 to 19. We allocate the
employment revision for this group into 14 to 15, 16 to 17, 18 to 19 based
on each group’s share of employed using the updated population controls.
The resulting revisions are smoothed back linearly to April 1950.

January 1972 Updated population estimates drawn from 1970 Census
were introduced in January 1972. The effects of the updated population
controls for the population, labor force, and employment in 14 sex/age cells
are reported in the February 1972 issue of Employment and Earnings (Bu-
reau of Labor Statistics 1972). The youngest age group reported is 16 to 19,
so we allocate the revisions for this group into 16 to 17 and 18 to 19 based
on each group’s share using the updated population controls. The resulting
revisions are smoothed back linearly to April 1960.

January 1974 Beginning in January 1974, the Census Bureau how it es-
timated the postcensal population to better account for the 1970 Census
undercount.26 The methodology change had the greatest impact on esti-
mates of men aged 20 to 24, particularly in the non-White population, but
had little effect on estimates of the total population aged 16 or older. The
effects of the updated population controls for the population, labor force,
and employment are reported for 14 sex/age cells. The youngest age group
reported is 16 to 19, so we allocate the revisions for this group into 16 to
17 and 18 to 19 based on each group’s share using the updated population
controls. The resulting revisions are smoothed back linearly to April 1970,
as this methodology change affected only the postcensal estimates.

January 1976 Beginning in January 1976, our harmonized time series are
calculated from the CPS PUMF. For all sex/age/race groups, we smooth any
difference in January 1976 level between the microdata estimate and the
adjusted historical time series back to April 1970.

26. See “CPS Population Controls Derived from Inflation-Deflation Method of Estimation”
on page 7 of the February 1974 issue of Employment and Earnings (Bureau of Labor Statis-
tics 1974).

Page 51 of 67



Figure D1. Civilian noninstitutionalized population, harmonized and published,
1948–76
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Source: Bureau of Labor Statistics (BLS); authors’ calculations using data from the Census Bu-

reau and the BLS.

D2.1. Harmonized time series, 1948–76

The top panel of figure D1 plots the harmonized population for women and
men over 1948–76, while the lower panel shows the difference between
two series. The data for 1948–75 are the adjusted published time series.
From January 1976 forward, the data are calculated from the CPS PUMF.

As shown by the green line in the lower panel, the harmonized male pop-
ulation is consistently above the published series for most of the period,
often exceeding 200,000 and peaking at over 400,000 in December 1952.
The difference for men turns negative starting in 1972 and falls almost
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Figure D2. Labor force participation rate, harmonized and published, 1948–76
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reau and the BLS.

−200,000 by January 1976. As shown by the blue line, the harmonized
female population is slightly higher than the published series before 1953.
The difference drops close to or slightly below zero through April 1962 be-
fore climbing to nearly 500,000 in December 1971.

Figures D2 to D4 show the effects of our harmonized data on the LFPR, un-
employment rate, and the EPOP ratio. The blue line in the lower panel of
figure D2 shows that the harmonized LFPR generally runs about 0.3 per-
centage point (pp) above the published LFPR series over 1948–76. The
majority of this differential reflects the adjustment for the CPS redesign in
1994 (see figure 5 and the discussion in section 5.1).
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Figure D3. Unemployment rate, harmonized and published, 1948–76
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The harmonized unemployment rate (figure D3) runs about 0.2 pp above
the published series and this difference is relatively stable over time. The
level shift is essentially “inherited” from the CPS period (see figure 6 and
the discussion in section 5.1).

The positive differences between the harmonized and published series in
both the LFPR and the unemployment rate partially offset for the EPOP ra-
tio (figure D4).
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Figure D4. Employment-to-population ratio, harmonized and published, 1948–76
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D3. Validating our replication

To verify that our methodology reproduces the BLS’s procedures, we recre-
ate the BLS’ special tabulations of the December 2024 data that incorporate
the new population controls. Since our methodology uses the latest popu-
lation estimates, our harmonized series should match these special tabula-
tions for December.

Table D2 reports the population for selected demographic groups, as well as
the levels the labor force and employment. The revisions to population for
nearly all groups match to within rounding. (We calculate totals as the sum
of separate estimates for female and male, thus a difference of ±2 is at the
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precision of rounding.) Our population level for Asians is 0.2 percent lower
than in the BLS’s tabulation; this difference likely arises because the Asian
race category is not targeted independently in the second-stage coverage
steps.

For the labor force and employment levels our estimates are quite close to
the BLS’s tabulations, generally less than 0.1 percent different (in absolute
value)— and less than 0.05 percent for the total. These small differences
may be due to the effects of privacy protections in the CPS microdata, par-
ticularly perturbing ages in the published microdata. (The published revi-
sion table is calculated based on unperturbed microdata used internally by
BLS, while our estimates use the perturbed public data.)

The differences also likely reflect differences in the demographic groups
that we use when calculating our second-stage and composite weights. In-
deed, the largest discrepancy in percentage terms is for both sexes aged
16 to 19, where our labor force and employment estimates are more than
0.6 percent below the BLS’s. We control to ages 16 to 17 and ages 18 to
19 separately in the national coverage step, whereas the BLS has a single
group for ages 16 to 19, which allows us to more closely match the popu-
lation targets within the 16 to 19 age group. Because participation rates
tend to rise sharply with age, this may contribute to the relatively large—
though still small in absolute terms—difference between our estimate and
the BLS’s.

D4. Additional results

The top panel of figure D5 shows the LFPR for men and women and the
bottom panel shows the difference between the harmonized estimate and
the published series. The differences between harmonized and published
before 1994 are larger by sex than for the topline participation rate, owing
to a larger adjustment to women’s participation rates from the CPS redesign
than for men’s.

Figure D6 shows the joint implications of the LFPR (figure 5) and unem-
ployment rate (figure 6) for the EPOP ratio. The difference between the
harmonized and published EPOP ratios in 1976 was smaller than that for
the LFPR alone, because the harmonized unemployment rate was also higher
than published. Thus, although the labor force was higher than published,
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Table D2. Population and labor force status for selected groups, December 2024
Thousands
Employment status Harmonized Updated Difference

TOTAL
Civilian noninstitutional population 272,509 272,509 0

Civilian labor force 169,932 169,852 80
Employed 163,366 163,294 72

Men, 16 years and over
Civilian noninstitutional population 132,925 132,925 0

Civilian labor force 89,869 89,868 1
Employed 86,240 86,235 5

Men, 20 years and over
Civilian noninstitutional population 123,834 123,833 1

Civilian labor force 86,708 86,676 32
Employed 83,458 83,442 16

Women, 16 years and over
Civilian noninstitutional population 139,583 139,583 0

Civilian labor force 80,063 79,983 80
Employed 77,126 77,059 67

Women, 20 years and over
Civilian noninstitutional population 130,819 130,817 2

Civilian labor force 76,971 76,879 92
Employed 74,327 74,235 92

Both sexes, 16 to 19 years
Civilian noninstitutional population 17,856 17,858 −2

Civilian labor force 6,253 6,297 −44
Employed 5,581 5,616 −35

WHITE
Civilian noninstitutional population 207,017 207,017 0

Civilian labor force 128,537 128,440 97
Employed 124,107 124,026 81
BLACK OR AFRICAN AMERICAN

Civilian noninstitutional population 35,586 35,586 0
Civilian labor force 22,086 22,098 −12

Employed 20,844 20,850 −6
ASIAN

Civilian noninstitutional population 18,972 19,018 −46
Civilian labor force 12,177 12,207 −30

Employed 11,770 11,800 −30
HISPANIC OR LATINO ETHNICITY

Civilian noninstitutional population 50,761 50,760 1
Civilian labor force 34,238 34,243 −5

Employed 32,497 32,504 −7
Note: Not seasonally adjusted. Estimates for the above race groups (White, Black or African

American, and Asian) do not sum to totals because data are not presented for all races. Persons
whose ethnicity is identified as Hispanic or Latino may be of any race.

Source: Bureau of Labor Statistics (BLS) and authors’ calculations using data from the Census
Bureau and the BLS.
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Figure D5. Labor force participation rate, by sex, harmonized and published
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Source: Bureau of Labor Statistics (BLS) and authors’ calculations using data from the Census
Bureau and the BLS.

somewhat more of that higher labor force was also unemployed, mitigating
the boost to employment. The difference between harmonized and pub-
lished diminishes to about a tenth, on average, from the mid-1980s through
the early 1990s.

E. Comparison with BLS experimental series on smoothed labor
force statistics

As we have discussed, the official time series for population and labor force
statistics have a large discontinuity in January 2025, when the BLS began
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Figure D6. Employment-to-population ratio, harmonized and published

52

54

56

58

60

62

64

Percent

Published

Harmonized

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020 2024

−0.4

−0.2

0.0

0.2

0.4
Harmonized minus published, percentage points

Note: Individuals aged 16 or older. Vertical line denotes January 1994, when the CPS redesign
was implemented.

Source: Bureau of Labor Statistics (BLS) and authors’ calculations using data from the Census
Bureau and the BLS.

using the Census Bureau’s V2024 population estimates. The BLS also re-
leased a set of experimental time series that smooth out this break.

These experimental series scale up the published time series for the labor
force, employment, and unemployment from April 2020 to December 2024
by the ratio of that month’s V2024 estimate of the CNP population (aged 16
or older) to the BLS’s official population series, which reflects the popula-
tion estimate as of the time of original publication. However, such a propor-
tional adjustment means that these revisions do not affect the demographic
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Figure E1. Comparison with BLS experimental labor force statistics
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composition of the population.27 In other words, this adjustment assumes
that the demographic composition of each month’s revisions to the popula-
tion are the same as in the older vintages of the population estimates that
were used to produce the original labor force statistics for each month.

As our methodology harmonizes the labor force statistics by targeting the
latest population estimates for the detailed demographic groups used by
the BLS to generate its CPS weights, our harmonized labor force statistics
account for both revisions to the aggregate CNP population and revisions
to the demographic composition of the population. As a result, there are
non-trivial differences between our harmonized labor force statistics and
the BLS’s experimental labor force statistics.

Figure E1 shows the difference between the BLS’s experimental estimate
and our harmonized estimate for the labor force (the blue line), employed
(the orange line) and unemployed (the green line). The sizable gaps be-
tween these estimates from April 2020 through December 2021 shrink con-
siderably in January 2022 when the published BLS statistics switch to the

27. The BLS notes this feature in its documentation of the experimental series, in which it
also pointed to considerable uncertainty in the demographic composition of the humanitar-
ian migrants (Bureau of Labor Statistics 2025).
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Vintage 2022 (V2022) population estimates. The V2022 estimates were the
first to reflect the 2020 Census’s revisions to the demographic composition
as of April 2020—which revised down the population of older individuals
(who tend to have lower participation and employment rates) and revised
up the prime-age population (who tend to have higher participation and
employment rates). From January 2022 forward, both the published BLS
labor force statistics and our harmonized labor force statistics reflect the re-
visions from the 2020 Census, thus considerably shrinking the gap between
our estimates. However, some gap between our estimates remains through
December 2024 because our harmonized labor force statistics reflect the
evolution of the demographic composition of the population implied by the
V2024 population estimates, whereas the BLS’s experimental labor force
statistics reflect the V2022 and Vintage 2023 (V2023) demographic compo-
sitions of the population for its labor force statistics in 2022 and 2023.

F. Incorporating administrative data on immigration

This section relies heavily on information from the Census Bureau’s method-
ology for constructing population estimates (U.S. Census Bureau 2024b).

Net immigration is one of the three components of change that the Census
Bureau separately estimates when constructing its estimate of population
growth (with births and deaths being the other two components). Foreign-
born immigration— that is, moves by noncitizens into the United States
from a foreign country in which a change of usual residence has occurred—
is one component of net immigration. Annual immigration totals are esti-
mated separately for persons migrating from Mexico and for persons mi-
grating from all other countries.

The Census Bureau then uses “proxy universes” to distribute the totals to
single years of age, sex, race, and Hispanic origin. A proxy universe is a sub-
set of the total ACS population that is used to represent the geographic and
demographic composition of international migrants. Proxy universes pro-
vide considerably larger sample sizes than the input data used to estimate
immigration totals. Annual immigration totals are distributed to national
characteristics using a proxy universe pooled from the corresponding ACS
1-year file and two previous ACS 1-year files. The proxy universe for immi-
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gration from Mexico is the ACS population born in Mexico whose year of
entry into the United States was five years ago or less. The proxy universe
for immigration from all other countries is the ACS population born in a for-
eign country other than Mexico whose year of entry was five years ago or
less.

Since the start of the COVID-19 pandemic there have been considerable
shifts in the dynamics of foreign-born immigration. Due to limitations in
the timeliness and coverage of the ACS data that the Census Bureau relies
on to estimate foreign-born immigration, these large shifts in immigration
have often not been immediately apparent in the Census Bureau’s net immi-
gration estimates (nor, as a result, in its population growth estimates).28 In-
stead, in order to capture these shifts, the Census Bureau has had to change
its methodology for estimating net immigration in subsequent vintages—
augmenting the ACS data with administrative data on “humanitarian migra-
tion”.

These methodological adjustments have resulted in sizable revisions to the
estimates of net immigration in prior years, which translate into significant
revisions to the population. (Note that for the PEP’s population estimates, a
“year” refers to an estimate year, which runs from July 1 of a calendar year
to June 30 of the next calendar year.) For instance, the Census Bureau’s
V2024 population estimates revised up the contribution of net immigration
to annual population growth by nearly 700,000 in estimate year 2022 and
by 1.2 million in 2023—with nearly all of these revisions due to humanitar-
ian migration. As prior years’ CPS labor force statistics rely on CPS micro-
data weights that reflect only the outdated population estimates from previ-
ous years, these revisions to net immigration indicate possible distortions in
the published labor force statistics from previous years.

Our baseline methodology described in section 4 eliminates these distor-
tions in the labor force statistics by constructing harmonized CPS micro-
data weights that reflect the accumulated revisions to the population es-

28. The Census Bureau noted these limitations in its documentation of the changes to the
methodology used to construct the V2024 net immigration estimates (Gross et al. 2024).
First, the Census Bureau noted that each year, when it produces a new vintage of its pop-
ulation estimates (and the components of change), it must rely on ACS data that was col-
lected for the year prior. And second, the Census Bureau noted that some foreign-born
populations, particularly recently arriving immigrants, are not well represented in the ACS.
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timates for any given year. For instance, now that the Census Bureau has
adjusted its V2024 methodology to better capture these shifts in net immi-
gration, our harmonized CPS microdata weights can be used to remove the
distortions in the labor force statistics resulting from the failure of earlier
vintages of the population estimates to properly capture these shifts in net
immigration.

In some cases, however, revisions may be predictable before the Census
Bureau publishes a new vintage of its population estimates. For instance,
almost a full year before the V2024 population estimates significantly re-
vised up the pace of net immigration in 2022 and 2023, the Congressional
Budget Office (2024) published population estimates with similarly large
revisions to net immigration using many of the same administrative data
sources that the V2024 methodology would ultimately rely on.

When population revisions, and their demographic composition, can be
estimated, our methodology can be extended to generate CPS microdata
weights and harmonized labor force statistics that reflect that alternative
population. We use administrative data on migrant inflows to demonstrate
how our methodology can harmonize CPS microdata weights and labor
force statistics to reflect the Census Bureau’s anticipated revisions to esti-
mated net immigration in advance of their publication.

F1. Census Bureau’s adjusted methodology for estimating foreign‐born immi‐
gration

Both prior to the pandemic and in its V2023 population estimates, the Cen-
sus Bureau estimated foreign-born immigrant inflows solely from ACS.29
The V2023 estimates indicated that net immigration boosted population
growth by nearly 1.2 million in 2023, a boost similar to net immigration’s
contribution to population growth prior to the pandemic.

However, population estimates published at about the same time by the
Congressional Budget Office (CBO) indicated a much faster pace of net im-
migration in recent years, with the CBO estimating that net immigration

29. As with the Vintage 2021 and V2022 population estimates, the V2023 population es-
timates continued to use administrative data to adjust net immigration estimates for 2020
and 2021 to reflect pandemic-related travel restrictions. However, the V2023 estimates of
net immigration for 2022–24 returned to relying primarily on data from the 2022 ACS.
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reached 3.3 million in calendar year 2023 (Congressional Budget Office
2024)—an upward revision of almost 2 million to the CBO’s projected pace
of 2023 net immigration from just a year prior. This upward revision re-
sulted from the CBO using administrative data sources, which showed mi-
grant inflows rising significantly starting in mid-2021.

For the V2024 population estimates, the PEP adjusted its methodology for
estimating foreign-born immigration, incorporating data on migrant in-
flows from many of the same sources as the CBO. Humanitarian migration
is calculated as 75 percent of immigrant inflows from the following cate-
gories:30, 31

1. Migrants encountered by U.S. Border Patrol (USBP) and released into
the United States with a notice to appear before an immigration judge
or granted parole at a port-of-entry by the Customs and Border Protec-
tion (CBP) Office of Field Operations (OFO),32 and

2. Refugees admitted into the country.33

For estimate years 2021–24, annual counts of humanitarian migration are
used to inflate the ACS-based foreign-born immigration and then the result-
ing totals are distributed to characteristics using the proxy universes.

F2. Estimating alternative population targets

Nearly all the revision to the Census Bureau’s population estimates from
V2023 to V2024 can be attributed to revisions in estimated net immigration.
Thus, we can achieve a close approximation of the V2024 estimates if we
assume that the V2023 population estimates are accurate for the native-

30. The PEP include only 75 percent of the totals from the administrative data because it
believes that about ¼ of the inflows are already captured in the ACS migration totals.
31. The CBO’s net immigration estimates also incorporated data on the number of unac-

companied minors who were apprehended when crossing the border and transferred to
the custody of the Department of Health and Human Services, individuals who overstayed
temporary visas, and migrants who entered the United States without encountering a Cus-
toms and Border Protection (CBP) official. The Census Bureau’s V2024 estimates do not
incorporate these sources.
32. Monthly counts of migrants released by USBP or granted parole by the CBP OFO ob-

tained from Department of Homeland Security, Office of Homeland Security Statistics
(2025).
33. Monthly counts of refugees arriving in the United States by country of origin obtained

from Department of State, Refugee Processing Center (2025).
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Table F1. Geography scheme for humanitarian migration
Thousands
Name Encounters per year
Central America 1,407
South America 587
Caribbean 272
Asia 139
Europe 57
Africa 56
North America 25
Oceana 1
Note: Average encounters per year for 2022–24.
Source: Department of Homeland Security, Office of Homeland Security Statistics (2025); De-

partment of State, Refugee Processing Center (2025).

born population and focus on estimating the revision to net immigration
from V2023 to V2024.

Like U.S. Census Bureau (2024b), we first calculate the revisions to foreign-
born immigration and then distribute the totals to demographic characteris-
tics using proxy universes. However, we depart from the V2024 methodol-
ogy in the geographic detail used. The Census Bureau calculates immigra-
tion totals and distributes those totals to characteristics using two geogra-
phies: Mexico and all other countries. Because the 2022–24 immigration
surge was heavily concentrated among Latin American countries, we use a
more detailed geographic scheme for estimating foreign-born immigration
and constructing proxy universes.

In particular, both the ACS and the administrative data on migrant flows
have information about migrants’ country of origin or citizenship. In or-
der to ensure sufficient sample sizes, we group countries together into 8
regions based on the United Nations M49 definitions (Department of Eco-
nomic and Social Affairs, Statistics Division 1999). We grouped countries
in the Americas by intermediate region: Caribbean, Central America, South
America, and North America. Countries outside the Americas are grouped
by region: Africa, Asia, Europe, Oceana. Table F1 reports our geographic
scheme, sorted by the average number of encounters per year over 2022–
24. Encounters with citizens of Mexico, which is included in the Central
America region, averaged 746,000 per year, easily the single biggest source
country.
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Our estimate of the revision to foreign-born immigration from V2023 to
V2024 incorporates two sources of revision: (1) foreign-born immigration
totals estimated from the ACS and (2) adding humanitarian migration.

On the first source, there are two revisions to the ACS-based foreign-born
immigration totals:

1. 2021: In the V2023 estimates, foreign-born immigration for 2021
was calculated as 103 percent of the 2019 ACS total. In the V2024
estimates, the PEP used the foreign-born immigration totals from the
2022 ACS. The revision for 2021 is the difference between these two
values.

2. 2022–2024: Due to the timing of data collection and release dates,
the V2023 estimates had to rely on the 2022 ACS to estimate foreign-
born immigration for 2022–2024 (holding the 2022 total constant
over the subsequent years). The V2024 estimates use the 2023 ACS
for 2023–24. The revision to these years is equal to the difference be-
tween foreign-born immigration totals in the 2023 ACS and the 2022
ACS.

On the second source of revision, we calculate annual humanitarian migra-
tion by region for estimate years 2021, 2022, and 2023 from same adminis-
trative data sources as the V2024 estimates. However, instead of using total
humanitarian migration to inflate the ACS totals, we tabulate humanitarian
migration by region of origin.34 For July to December 2024, we follow the
Census Bureau’s approach and use only the ACS estimate of foreign-born
immigration.

We next distribute the annual revision to foreign-born immigration to de-
mographic characteristics. Unlike the Census Bureau, which produces pop-
ulation estimates for single years of age, sex, race, and Hispanic origin, we
need only to match the demographic detail used for the CPS second-stage
weights. We construct proxy universes for each year and region of foreign-
born individuals who arrived in the United States within the past five years
tabulated from pooled 3-year ACS samples. For each CPS population target
(national coverage step, second-stage race/sex/age, and second-stage eth-

34. We distribute admittances that were not from one of the 10 countries reported in De-
partment of Homeland Security, Office of Homeland Security Statistics (2025) to regions
using the regional share of total encounters, by agency, in a quarter.
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nicity/sex/age), we calculate the share of each demographic group in the
total population, multiply the inflows for each region by the demographic
group shares, and sum across all regions.

To construct our alternative population estimates, we take the annual hu-
manitarian migration totals by population target and demographic group
and calculate the monthly inflow. We follow the V2024 methodology and
assume that the inflows occur evenly over a year. For example, 1

12 of the
annual total for estimate year 2023 would be added to each month from Au-
gust 2023 through July 2024. Finally, for each population target we take
the V2023 estimates and add the cumulative sum of the monthly inflows.
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