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Introduction
This report documents the methodology used to prepare county-level net migration estimates by five-year age cohorts, sex, and selected race and Hispanic origin categories for the intercensal period from 2010 to 2020. The estimates were prepared using a vital statistics version of the forward cohort residual method (Siegel and Hamilton, 1952) and follow many of the techniques used to prepare the 1990-2000 and 2000-2010 estimates (Voss et al., 2004; Winkler et al., 2013). They extend a series of age-specific county-level estimates of net migration produced by teams of demographers each decade since the 1950s:
· 1950s: Bowles and Tarver, 1965;
· 1960s: Bowles, Beale and Lee, 1975;
· 1970s: White, Mueser and Tierney, 1987;
· 1980s: Fuguitt, Beale, and Voss, 2010;
· 1990s: Voss, McNiven, Hammer, Johnson and Fuguitt, 2004;
· 2000s: Winkler, Johnson, Cheng, Voss and Curtis, 2013.

The residual method for calculating net migration for any period requires a starting population, an ending population and vital events, whether enumerated or estimated. The approach is based on the demographic balancing equation, and substitution of its components:
	P1 = P0 + (B − D) + (IM −OM)	[1][footnoteRef:1] [1:  These and all following calculations are carried out at a county level and for single-year age cohorts from age 0 through 84, and then 85 and over. Subscripts for geography and age group are omitted from the formulas to improve readability.] 

where:
P1 = Final population at the ending date (here, 2020 Census day of 4/1/2020);
P0= Starting population at the beginning date (here, 2010 Census Day of 4/1/2010);
B= Births 2010-2020 (between the Census enumeration dates);
D= Deaths 2010-2020 (between the Census enumeration dates);
IM = In-migration to the geographic area between the starting and ending dates;
OM = out-migration from the geographic area between the starting and ending dates.

The balancing equation [1] may be rearranged to derive the migration component.
	IM −OM = (P1 − P0) − (B − D)	[2]
The difference between in-migration (IM) and out-migration (OM) is equal to the population change over the decade minus the natural change (births (B) – deaths (D)) that occurred over the period. Depending on data availability, these equations can be calculated for population sub-groups.
Data for in- and out-migration for small geographies (like counties) are generally unavailable or unreliable in the United States, especially for demographic breakdowns (e.g. age, sex, race). Thus, we consolidate the difference between in- and out-migration to net migration, or NM. 
	NM = (P1 − P0) − (B − D)	[3]
where:
NM = Net migration for the geographic area between the starting and ending dates.

We can estimate net migration by obtaining the four building blocks of data for the right-hand side of equation [3], which are available and generally reliable at a county level in the United States by age, sex, race and Hispanic origin. If we assume zero net migration, the ending population would be equal to the starting population plus only the natural change (B − D). This process generates the expected population (i.e., what the ending population would be in the absence of migration).
	EP1 = P0 + B − D	[4]
where:
EP1 = Expected population at the ending date (here, 2020 Census day of 4/1/2020).

The traditional demographic balancing equation is period-based. However, we modify the equation to generate a cohort-based measure. This means, for instance, reported estimates for the population age 25-29 in the 2010s capture the net result of migration for people who were age 15-19 at the start of the period in 2010 and then were age 25-29 by the end of the period in 2020. To accomplish this, we aged the starting population forward in time, year by year, in single-year-of-age increments. Deaths that occurred in these cohorts were subtracted. For cohorts born during the decade, the expected population is the difference between births and deaths to those children 0-9 in 2020. After repeating this process across the decadal time frame, the expected populations reflect the surviving population of a cohort, ten years later, as if no migration had occurred.
Net migration can then be estimated as the difference between the observed final population and the expected population.
	NM = P1 - EP1	[5]
Finally, to calculate net migration rates, the resulting NM from equation [5] is divided by the expected population and multiplied by 100 to express the estimate as a rate per-100 expected population in 2020.
	NMR = (NM1 ÷ EP1)*100	[6]

Dataset Strengths and Limitations
The generated net migration estimates should be highly accurate and reliable. The estimates are based on population counts at Census 2010 and 2020 and administrative records, including birth and death counts from the National Center for Health Statistics. As a result, error in the estimates is minimal. We have adjusted for known classification errors, overcounts, and undercounts. We employ a well-tested methodology (described in the previous section) similar to methods employed over the last thirty years. In addition, our team consists of members (authors) who have shared data, code, and experience for more than a decade. Finally, the estimates have been reviewed by experts and local practitioners to check for inconsistencies and confirm accuracy.
Despite their many strengths, the estimates are limited by data imperfections, which we elaborate upon in the sections that follow. The data are also limited by the fact that they estimate net migration from a residual approach. This means the net migration estimates cannot address inflows and outflows or origins and destinations. Similarly, the estimates cannot detect population turnover. The estimates may confound changing migration propensities with changing population stocks: for instance, these data cannot discern whether people age 65-69 are increasingly likely to move to a particular county in the 2010s or whether there are a larger number of people (Baby Boomers) at this age group.[footnoteRef:2]  Limitations aside, the net migration estimates can capture the net outcome of how migration changes population composition by age, sex, race, and ethnicity for counties.  [2:  For a fuller discussion of limitations associated with net migration estimates, see Rogers (1990) and Plane and Rogerson (1991).] 

Key limitations that users should consider when using and interpreting these data include:
· Estimates for race/ethnic groups are expected to be less accurate than totals given the complexity of racial and ethnic identification and classification. Such categories are not clear or discrete in the social world, although the methods we employ do assign individuals to discrete groupings. 
· Data for Hispanics are not yet included and will be released in Fall 2024 because of limitations associated with Census 2020 and the Population Estimates Program’s (PEP) improvements that are planned for the vintage 2023 “blended base.”
· Estimates for children under age 10 are expected to be less accurate than other ages due to potential inaccuracies in county residence in birth records. Rural counties may be particularly impacted, which might lead to a tendency for net migration to be overestimated for age groups 0-4 and 5-9.
· Estimates for people at the oldest ages (75+) are expected to be less accurate than other ages since some death data may be missing or mis-recorded by location or race/ethnicity. For instance, most counties show a net out-migration at ages 75+ and, in some cases, this may be due to missing deaths (i.e., people died rather than left the county). 
· Net migration rates for small population counties or sub-groups may be less stable because of the small size of denominators. 
· Cells (groups or sub-groups) where the expected population is less than 10 persons are suppressed to guard against data inconsistencies and potential misinterpretations. 
· Data for American Indian or Alaska Native (AIAN) populations are suppressed for migrants under age 10 because of inconsistencies in racial classifications of births to AIAN mothers. 

Data Elements of the Net Migration Equation

Starting Population at 2010
To develop the starting population in 2010, we began with the 4/1/2010 Estimates Base that was produced by the U.S. Census Bureau’s Population Estimates Program, vintage 2018 (U.S. Census Bureau, 2019). The county-level Estimates Base provides an estimate of the population on Census Day 2010 by five-year age groups, sex, and race “alone or in combination” with other races, as well as Hispanic and non-Hispanic groupings. For most counties, the Estimates Base is identical to the Census 2010 official enumeration results, but the Estimates Base offers the added benefit of incorporating post-2010 corrections. Estimates Base data are recorded in five-year age groups. To appropriately apply death records, we disaggregated the five-year values to single years of age. We disaggregated the five-year data using the US Census 2010, PCT12 data table series for single year of age by sex, race, and Hispanic origin (PCT12H through PCT12O) to calculate the proportion of the five-year population at each single year of age, then multiplied this proportion by the five-year Estimates Base value. Prior to data release, we reaggregated all values into five-year age groups. Consequently, disaggregation was temporary and any inherent error from the process should have been alleviated when re-aggregated. 
Race and Ethnicity Classifications
Over the course of the prior six decades in which county net migration estimates have been calculated, various race/ethnic classification schemes have been used, primarily due to data availability. Prior to the 1990s, the net migration estimates classification was race-based and often separated into non-White and White categories. [footnoteRef:3] For the 1990s and 2000s, author teams added a broader race/ethnic classification that created four mutually exclusive categories: Hispanic, non-Hispanic Black, non-Hispanic White, and non-Hispanic Other. To do so, the authors developed a prioritization schema under which persons and vital events identified as Hispanic/Latino, regardless of race, were categorized as Hispanic. Non-Hispanic persons were tallied based on those identified as a single race, and an allocation process was applied for (non-Hispanic) persons identified in the Census estimates as being of two or more races to assign them to the singular race categories (see Winkler et al., 2013 for details). Because of low numeric counts in many counties and limited data availability on births and deaths, persons identifying (or identified) as Asian, Native Hawaiian and other Pacific Islander, and American Indian and Alaskan Native were aggregated to an “non-Hispanic Other” category. [3:  Only total net migration estimates (no estimates by ethnoracial categories) are available for the 1980s.] 

For the 2010-2020 decade, data availability has improved enough to make it possible to separate the “other” category into more clearly defined racial groups that likely have different migration patterns. For the first time, we generate estimates for American Indians and Alaskan Natives (AIAN); and for Asians and Native Hawaiians & other Pacific Islanders (ANHPI) as two separate groups. A review of recent literature (e.g., Liebler et al., 2016 and 2017) and consultations with experts led us to develop the following prioritization schema for the 2010-2020 estimates:
1) American Indians and Alaskan Natives (AIAN): Priority was given to allocate persons who identify as American Indian or Alaskan Native, alone or in combination with other races, of Hispanic origin or not, as AIAN in our data set. This prioritization marked a significant difference in the classification of the AIAN population, including by the Census Bureau, which typically does not include people who identify as Hispanic among the AIAN population.
2) Hispanics: To remain consistent with the 1990s and 2000s estimates, we also gave priority to Hispanic origin, treating all those who identify as Hispanic, regardless of their race, as Hispanic in our data set. Data for Hispanics are complicated by changes to the US Census Bureau Population Estimates Program’s methodology for calculating the 2020 Estimates Base (discussed below). For this reason, net migration estimates for the Hispanic category will not be released until Fall 2024. 
3) Non-Hispanic race categories: The development of estimates for the three remaining categories in our data set—non-Hispanic Whites, non-Hispanic Blacks, and non-Hispanic ANHPI—required several iterative steps, because we needed to classify shares of those identifying as two or more races into one of these three discrete ethnoracial categories:
a. Non-Hispanic Two or More Races (NHTOM) balance: In the Census Bureau’s postcensal estimates (i.e., produced after the 2010 Census), all those reporting multiple races were included in a “Two or More” racial category. To include this population into our limited ethnoracial classification, we first subtracted people identifying as multiracial AIAN from the NHTOM category, found by taking the difference between non-Hispanic AIAN alone-or-in-combination and non-Hispanic AIAN alone categories. This distinction is necessary because we counted AIAN in combination with another race as AIAN in our classification above (see #1) and, consequently, we needed to remove them from the NHTOM group.
b. NHTOM balance allocation: We then allocated the balance of the NHTOM group based on the proportion of the race-in-combination population minus the race-alone population for non-Hispanic ANHPI, non-Hispanic Blacks, and non-Hispanic Whites. This allocation followed the same approach as was used to generate the 2000-2010 net migration estimates. This process effectively apportioned shares of people identifying as multiple races into each of the different race categories with which they identify.
c. Non-Hispanic Whites, Blacks, ANHPI: These values were the sum of the respective “Race alone” categories and the allocated NHTOM balances.
Note that because AIAN Hispanics are counted both as AIAN and as Hispanic in the methods described above, summing net migrants across the set of race/ethnic categories will not sum to the total net migrants estimate. Instead, separate estimates for the total population are provided and should be more accurate than any of the race/ethnic-specific estimates when combined.
Census 2010 Estimates Base Adjustments
Two major post-enumeration analyses compared the official Census 2010 results to other population data sources: the Demographic Analysis, or DA (US Census Bureau, 2012) and the Census Coverage Measurement survey, or CCM (Mule, 2012). In different ways, these analyses provided guidance as to whether the Census under- or over-enumerated certain age, sex, race or Hispanic origin residents. For the 2010 Census, neither method indicated a statistically significant net undercount or overcount of the total population. However, the data suggested certain population subgroups may have been under- or over-counted. 
Regarding race and Hispanic origin, the CCM showed a 2% net undercount for the Black population, 1.5% net undercount for the Hispanic population, 4.9% net undercount of the AIAN population, and a 0.8% net overcount among the non-Hispanic White population. In comparison, the DA showed about a 2% net undercount for the Black population but, when disaggregated by sex, indicated that Black males were undercounted by about 3.5% while Black females were overcounted by about 1.5%. Among non-Black populations, DA results again mimicked CCM, noting a 0.8% net overcount, but with divergent patterns between males and females with non-Black females being overcounted by about 1% and non-Black males undercounted by about 0.4%.
By age, the CCM indicated statistically significant undercounts among young children of both sexes (age <5), males age 18-29, and males age 30-49, but a net overcount among children age 10-17, females age 30-39, males over age 50, and females over age 50. The CCM did not find any state with a statistically significant net under- or over-count, but data for subgroups at the state level (i.e., by age, race, and sex) were not available.
The DA provided specific estimates of the population by single year of age and sex, by Black/non-Black race and for Hispanic ethnicity among children. The reliability of DA data has been considered particularly sound for estimating the child population (Robinson 2001, O’Hare et al. 2016). However, the DA did not estimate differences for non-Hispanic White, AIAN or ANHPI, or Hispanic populations ages 20 and older.
In sum, results from CCM and DA for 2010 suggested the net undercount among some age, sex, race, and ethnic categories cancelled out the net overcount among other groups to produce a total net undercount/overcount near zero. However, age/sex/race/ethnic-specific undercounts/overcounts among some groups were significant, indicating that adjusting for counting errors could improve net migration estimates. The team that generated the 2000-2010 net migration estimates made similar adjustments to the Census 2010 final population. We generally followed their methods to adjust the 2010 population in setting the starting population of the 2010-2020 estimates.
We selected an adjustment protocol that calculated the rate of difference between the DA and the census enumeration for age/race/sex groups where the CCM suggested there were statistically significant undercounts or overcounts. However, some assumptions still needed to be made:
· Because CCM indicated more undercount of AIAN than of Black populations, we applied the undercount rate for Black males to AIAN males, and ½ the undercount rate for Black males to AIAN females.
· Because CCM did not show any significant net undercount/overcount of the Asian population, we did not adjust the ANHPI population.
· CCM indicated about ½ a percentage point less undercount for Hispanic than Black populations. For the Hispanic population under age 20 (where DA estimates were available), we relied on the DA estimates to adjust the population. For the Hispanic population age 20 and over, we assumed the undercount rate of Hispanic males to be 25% less than that of Black males and the undercount rate of Hispanic females to be 200% less than Black males.
· We assumed that the non-Hispanic White undercount/overcount rates were slightly higher than for the non-Black group as a whole, which would include Hispanics and AIANs.
Altogether, adjusting the populations in the above ways cumulatively produced net undercount/overcount rates similar to the CCM estimates.
Appendix 1 shows the specific adjustments made. These adjustments were multiplied by the census estimates base population for 4/1/2010 to generate the adjusted 2010 starting population by the age, sex, race and Hispanic origin categories used to construct the 2010-2020 net migration estimates. A necessary, though admittedly simplified, assumption we had to make was that these adjustments apply equally across all U.S. counties and their component age, sex, race and Hispanic origin populations.
Ending Population at 2020
For the ending population in 2020, we used the 4/1/2020 Estimates Base that was produced by the U.S. Census Bureau’s Population Estimates Program, vintage 2022 (U.S. Census Bureau, 2023). This estimate is analogous to the starting population (Estimate Base for 4/1/2010) and matches the methods used to generate the 2000-2010 net migration estimates series (Winkler et al., 2013). 
An alternative ending population would have been the Census 2020 enumerated population. Due to the global COVID-19 pandemic that struck the United States starting in February and March 2020, the Census Bureau experienced delays and response issues in carrying out the Census 2020 enumeration and, consequently, its release of 2020 results. Moreover, Census 2020 data were infused with noise following a differential privacy algorithm that affects the accuracy of the counts, especially for age by race/ethnic and sex groups in smaller population counties (Long, 2022; Winkler et al., 2021), and post-Census 2020 analysis revealed significant undercount/overcount differentials by age, sex, race, and Hispanic-origin (Jensen and Kennel, 2022; Sullivan and Cork, 2023). 
For these reasons, we used the 2020 Estimates Base for 4/1/2020. The Estimates Base offered distinct advantages over using the 2020 enumeration including that the base integrated administrative records, which effectively addressed undercount and overcount differentials by age/sex/race/ethnicity (Hartley and Rogers, 2023a). Thus, the author team did not need to make further adjustments for undercount or overcount. In the years following Census 2020, the Population Estimates Program produced a “blended base” version of the Estimates Base by employing three different population data sources: the 2020 Census PL 94-171 redistricting file, the 2020 Demographic Analysis (DA) estimates, and the vintage 2020 postcensal population estimates which were based on the 2010 Census and administrative records (U.S. Census Bureau 2022). While the redistricting file ensured the total population estimates at the national, state and county levels would match the final Census 2020 product, the use of DA and postcensal estimates introduced variability in the age, sex and race/Hispanic origin estimates (Hartley and Rogers, 2023b). 
Another advantage to using the Estimates Base included consistent race and Hispanic origin categories across the 2010-2020 decade. The question about race changed in the 2020 census compared to 2010 and would have added further complication to our own race/ethnic classification system. 
One issue in using the vintage 2022 Estimates Base was that data for Connecticut’s eight former counties had been converted to nine planning regions. To restore the 2020 populations to the former counties, we apportioned the state-level vintage 2022 Estimates Base values (by age, sex, race and Hispanic origin) to the former counties based on their vintage 2021 Estimates Base age-sex-race-Hispanic origin values.
Births 2010 -2020
Data on births by county of mother’s usual place of residence are based on birth certificate records that are first filed with states and then collected by the National Center for Health Statistics (NCHS). Over 99% of births are registered in the United States (National Center for Health Statistics, 2022), making these data an accurate source to estimate a starting population for people who were not yet born at Census 2010. We obtained access to birth records via a restricted-use data use agreement with NCHS. The restricted files contain county identifiers as well as sex and race/Hispanic origin variables. NCHS provides the data on a calendar year basis. For our calculations, the data were re-organized into “data years” (April through March). We obtained data for calendar years 2010 through 2020, permitting us to calculate births by geographic (county) and person variables for the full April 2010 through March 2020 intercensal decade. All adjustments, analyses, interpretations, and conclusions are those of the net migration estimates author team, and not attributable to NCHS, which is responsible only for the initial data.
We made assumptions about a newborn child’s race/ethnic identification based on the race and ethnicity of their parents, as recorded in the NCHS data. NCHS’s coding of births by race and Hispanic origin, and changes to these procedures over the decade, required us to make several assumptions to align with the broader ethnoracial classification described above (Race and Ethnicity Classifications section). One challenge is frequently missing race and Hispanic identification for fathers. For example, in calendar year 2010, 19% of paternal records lacked a race identifier and 15% lacked Hispanic origin. In contrast, only 0.7% of maternal records lacked Hispanic origin identification. For this reason, we prioritize using mothers’ race/ethnicity to ascribe to the child.
Another challenge with birth data concerns changes to the options for recording race/ethnic information between 2010 and 2020. At the start of the decade, the NCHS data recorded a single race for the child’s mother and similarly a single race for the father, with race categories limited to American Indian/Alaskan Native, Asian/Pacific Islander, Black, and White. Hispanic origin identification was provided for both parents, using the classifications: Mexican, Puerto Rican, Cuban, Central or South American, or Other and Unknown Hispanic. Beginning with calendar year 2012 and gradually implemented for all states by 2018, NCHS began to allow for multi-racial identification of both the mother and father, and it simplified the Hispanic sub-groups. A relatively small proportion of births identified parents as multi-racial (2.3% of mothers in 2014, 2.6% in 2018). Still, this mid-decade change meant our team had to make some adjustments. 
To attribute race to infants, we first assigned the race and Hispanic origin status of the mother. If either or both values were missing, we applied the race/Hispanic origin status of the father. We handled this differently for AIAN populations to remain consistent with classifying AIAN populations alone or in combination as AIAN. If either the mother or father were identified as AIAN alone or in combination with another race, we assigned the child to the AIAN group. Because multi-race information is not fully available in the earlier years’ data, we expect our approach underestimates AIAN births (this is the group most impacted by multiracial identification) and, thus, overestimates net migration among AIAN children. For this reason, we ultimately decided to suppress net migration estimates for AIAN children under age 10.
All other race/ethnic attributions followed the same scheme as described above in the Starting Population section. A small number of births (e.g., 0.4% in calendar year 2010) had White race identified but no Hispanic origin identifier. Consequently, we allocated these births as Hispanic or not Hispanic in proportion to a county’s known non-White Hispanic and White Hispanic births, as well as a national adjustment factor reflecting the population of Hispanic and non-Hispanic women ages 15-44. 
A limitation of using birth records of this sort is that some births may have been assigned to the county of birth rather than to the county of mother’s residence. Some evidence suggests that births may be overstated in urban counties and understated in more suburban or rural counties (National Center for Health Statistics, 2022). As a result, the corresponding net migration estimates for ages 0-4 and 5-9 could be overestimated for counties with undercounted births.  
Deaths 2010 -2020
Data on deaths by county of residence are based on death certificate records that are first filed with states and then collected by NCHS. Our team obtained access to death records via a restricted-use data use agreement with NCHS. The NCHS mortality files’ variables pertinent to our project were county of residence, race, Hispanic origin, sex, month of death and age at death. Like the birth data, we re-organized the calendar-year-based death records to “data years” (April through March). All adjustments, analyses, interpretations, and conclusions are those of the net migration estimates author team, and not attributable to NCHS, which is responsible only for the initial data.
To generate race and Hispanic origin net migration estimates, we needed to classify deaths using the same categories used in the starting and ending populations as much as possible. Classifying deaths by race/ethnicity is complicated by the fact that reporting of race and ethnicity comes from two different sources. The starting and ending populations are derived from decennial census data where respondents self-report their race and ethnicity. Self-report is not possible in mortality data, so classification is derived from responses to race and Hispanic-origin items on the death certificate, which is typically completed by a funeral director (Arias, Heron and Hakes, 2016). We made necessary adjustments and modifications to address these data limitations and related complications, as described in the paragraphs that follow.
Generally, we applied the same prioritization schema that was established for the base population described above, as much as NCHS data would allow. 
· American Indian and Alaskan Natives (AIAN): Deaths were assigned AIAN if the deceased was classified as a single-race or in combination with other races as part of a multiracial classification, without regard to Hispanic or non-Hispanic origin.
· Hispanic: Deaths were assigned Hispanic if the deceased was classified as Hispanic regardless of race other than AIAN (see note that follows regarding deaths of unknown Hispanic origin).
· Non-Hispanic Asian, Native Hawaiian, or Pacific Islander (ANHPI): Deaths were assigned ANHPI if the deceased was classified as non-Hispanic and ANHPI or ANHPI as part of a multiracial classification.
· Non-Hispanic Black: Deaths were assigned non-Hispanic Black if the deceased was classified as non-Hispanic and Black or Black as part of a multiracial classification.
· Non-Hispanic White: Deaths were assigned non-Hispanic White if the deceased was classified as non-Hispanic and White.
A few additional notes are necessary for instances of multi-race, unknown Hispanic origin, missing ages, and race/ethnic misclassifications:
Multi-race: Prior to 2012, deaths in the NCHS data were recorded with a single race. Starting with the calendar year 2012, NCHS added a variable to capture multiple-race combinations, and this change was implemented gradually by the states until it was fully implemented in 2018. According to the data, multi-race deaths accounted for only 0.3% of deaths nationally in 2012 and only 0.5% in 2018. By comparison, the Census 4/1/2020 Estimates Base identified approximately 2.3% of the population as multi-racial. We classified multiracial deaths that included Black in combination with another race (most often White) as Black and, similarly, deaths that included ANHPI in combination with another race (most often White) as ANHPI.
Unknown Hispanic origin: For a small number of death records (0.24% of calendar year 2010 deaths), NCHS coded Hispanic origin as unknown. Reviewing the race data with Hispanic origin recorded indicated that few deaths recording Black (1%) or Asian, Native Hawaiian & Pacific Islander (2%) also record Hispanic ethnicity when known, and small numbers of Black and ANHPI deaths included an unknown Hispanic origin. Therefore, we treated deaths for Black and ANHPI people with unknown Hispanic origin as non-Hispanic. The number of deaths for White people with unknown Hispanic origin was larger (n=4,497 in 2010 alone) and a higher proportion of deaths among White people with known Hispanic origin reported Hispanic ethnicity (7%). Thus, we allocated deaths among White people missing Hispanic origin to either Hispanic or non-Hispanic groupings based on their respective county’s proportions of deaths by single year of age and sex where deaths with Hispanic origin were known.
Missing ages: For a small number of records (0.005% of data year 2010 deaths), NCHS coded age as unknown. We reallocated deaths to single years of age based on their respective county’s proportions of deaths by sex and race/Hispanic origin where age at death was known.
Adjustments for race/ethnic misclassifications: Research shows that agreement between self-reported race in censuses and observed race on death certificates is excellent for Black and White race groups, but it is poor for other races, particularly for AIAN populations (Arias, Heron and Hakes, 2016). Over the last several decades, only 51%–55% of deaths to people who self-identified as AIAN were classified as AIAN in death records, with most instead being recorded as White (Arias, Heron, and Hakes 2016). The same study showed that, while not perfect, classification agreement was better for Asian groups and for Hispanic ethnicity (above 90% correspondence) and improved markedly between the 1990s and 2000s to 97% agreement in 1999–2011 among both Asians and Hispanics. Based on these findings, our team decided to adjust the race/ethnic classification of deaths using mortality rates from the 2019 life tables of the United States, which have been adjusted for misclassification. Details of this process, including exact adjustment values, are shown in Appendix 2. 
Geographic Changes Across the 2010-2020 Decade
Some county-level and county-equivalent geographic changes occurred during the 2010s that required the establishment of a crosswalk process to ensure the starting populations, births, deaths, and ending populations were consistent with the 2020 geographies. This process resulted in a total of 3,139 counties in the 2010-2020 net migration estimates dataset.
In the continental United States, two changes occurred:
· Shannon County, South Dakota (FIPS code 46113) was re-named Oglala Lakota County and re-coded (FIPS code 46102) in 2015. We tabulated all data as the same geography.
· Bedford City, Virginia (FIPS code 51515) consolidated with Bedford County (FIPS code 51019) in 2013. The consolidated area continued to use the county FIPS code. We tabulated all data as if this consolidated geography existed from 2010 forward.
In Alaska, geographic changes related to the establishment of statistical Census Areas for the 2020 Census and re-alignments of certain 2010 geographies required us to establish several “county groups” to maintain data consistency. In addition, there was one name/FIPS code change.
· Valdez-Cordova Census Area (FIPS code 02261) divided into Chugach Census Area (02063) and Copper River Census Area (02066) in 2019.
· Wade Hampton Census Area (02270) was re-named Kusilvak Census Area and re-coded (02158) in 2015. We tabulated all data as the same geography.
· Boundary changes involving the Hoonah-Angoon (02105), Prince of Wales-Hyder (02198) and Petersburg (02195) Census Areas, plus renaming the latter Petersburg Borough (FIPS code maintained), required us to consolidate data into several county-equivalent groups.

To recognize county-combinations, we assigned “faux” FIPS codes:
· 02994: Petersburg-Prince of Wales-Hyder combined area;
· 02295: Skagway-Hoonah-Angoon combined area; and
· 02296: Chugach-Copper River combined area.

Version History
We initially released a Beta version of the 2010-2020 net migration estimates on the netmigration.wisc.edu website in April 2023. This initial version used the 2021 Estimates Base as the decadal ending population. It did not include estimates for the population age 75 and over because of recognized inconsistencies in the data and our low confidence in reliability of the estimates. Following the Census Bureau’s release of the vintage 2022 population estimates (with a modified 4/1/2020 Estimates Base) in July 2023, we revised the full set of estimates into the version that is described in this documentation and which was posted to the netmigration.wisc.edu website in June 2024. This modification led to changes in the estimates for all ages, and particularly in the college-aged cohorts 15-24 and for ages 75 and over. 
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Appendices

Appendix 1: Census 2010 Adjustments based on Demographic Analysis (DA) and Census Coverage Measurement survey (CCM)
Positive values indicate an estimated net undercount, thus the Estimates Base values were increased. Conversely, negative values indicate an estimated net overcount, and the corresponding Estimates Base values were decreased. All values are in percent.
Table 1: Adjustments to the Census 2010 Population Estimates Base
	Percent Adjustment to 2010 Estimates Base

	Age
	NH White
	NH Black
	Hispanic
	AIAN
	NH Asian/OPI

	
	M
	F
	M
	F
	M
	F
	M
	F
	M
	F

	0‐4
	2.6
	2.6
	4.4
	4.1
	7.5
	7.5
	6.6
	6.2
	0.0
	0.0

	5‐9
	0.8
	0.7
	0.9
	0.7
	2.2
	2.2
	1.4
	1.1
	0.0
	0.0

	10‐14
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	15‐19
	‐2.0
	‐1.5
	‐1.1
	‐1.0
	0.0
	0.0
	‐2.0
	‐1.5
	0.0
	0.0

	20‐24
	0.0
	0.0
	4.1
	0.0
	2.7
	0.0
	4.1
	2.0
	0.0
	0.0

	25‐29
	0.0
	0.0
	9.0
	0.0
	6.0
	2.2
	9.0
	4.5
	0.0
	0.0

	30‐34
	1.5
	‐1.2
	6.6
	‐1.1
	4.4
	1.6
	6.6
	3.3
	0.0
	0.0

	35‐39
	1.1
	‐1.6
	6.8
	‐1.3
	4.5
	1.7
	6.8
	3.4
	0.0
	0.0

	40‐44
	0.0
	‐1.5
	5.9
	‐1.1
	4.0
	1.5
	5.9
	3.0
	0.0
	0.0

	45‐49
	0.0
	‐1.5
	6.5
	‐0.6
	4.3
	1.6
	6.5
	3.3
	0.0
	0.0

	50‐54
	0.0
	‐2.2
	4.8
	‐0.9
	3.2
	1.2
	4.8
	2.4
	0.0
	0.0

	55‐59
	0.0
	‐2.5
	2.8
	‐1.0
	1.9
	0.7
	2.8
	1.4
	0.0
	0.0

	60‐64
	0.0
	‐3.3
	0.0
	‐1.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	65‐69
	0.0
	‐2.7
	1.8
	‐1.3
	0.0
	0.0
	1.8
	0.9
	0.0
	0.0

	70‐74
	0.0
	‐1.3
	2.8
	‐0.9
	0.0
	0.0
	2.8
	1.4
	0.0
	0.0

	75‐79
	0.0
	‐1.5
	‐1.6
	‐1.1
	0.0
	0.0
	‐1.6
	‐0.8
	0.0
	0.0

	80‐84
	0.0
	‐1.6
	‐1.6
	‐1.1
	0.0
	0.0
	‐1.6
	‐0.8
	0.0
	0.0

	85 +
	0.0
	0.0
	2.3
	3.1
	0.0
	0.0
	2.3
	1.2
	0.0
	0.0
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Appendix 2: Adjustments to Race/Ethnic Classification of Mortality Data
This appendix shows the race/ethnic classification ratios we applied to adjust death data for misclassifications. We derived these values by comparing mortality rates constructed using our initial unadjusted death counts by age, sex, race, and Hispanic origin to corresponding mortality rates published in the 2019 life table, which were adjusted for race/ethnic misclassification (Arias and Xu, 2022). We multiplied each age-sex-race/ethnic specific cell by the classification ratio proportions shown in the table below. Thus, values in the table below a value of 1.0 indicate we reduced our initial estimate of deaths for that age/sex/race/ethnic group and values above 1.0 indicate we increased our initial estimate, based on assumed misclassifications in the death certificate-based records.
Table 2: Classification Ratios for Adjusting Mortality Records 
	Age
	Hispanic
	Non-Hisp AIAN
	Non-Hisp API
	Non-Hisp Black
	Non-Hisp White

	
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female

	0–14           
	0.9659
	1.0000
	1.1546
	1.0833
	1.0000
	1.0000
	0.9379
	1.0000
	1.0755
	0.8770

	15–24          
	0.9325
	1.0604
	1.1201
	1.2190
	1.0000
	1.0000
	1.0215
	1.0343
	1.0019
	0.9869

	25–34          
	1.0401
	1.0232
	1.1557
	1.1033
	1.0967
	1.0000
	0.9770
	1.0008
	1.0034
	0.9994

	35–44          
	1.0645
	1.0066
	1.1815
	1.1772
	1.0459
	1.0125
	1.0073
	1.0048
	0.9997
	0.9951

	45–54          
	1.0372
	1.0953
	1.3913
	1.3916
	1.1123
	1.0113
	1.0019
	0.9982
	0.9965
	0.9976

	55–64          
	1.0517
	1.0659
	1.4547
	1.3917
	1.0694
	0.9784
	0.9965
	1.0046
	0.9992
	0.9997

	65–74          
	1.0485
	1.0072
	1.4244
	1.2980
	1.0841
	1.0850
	1.0055
	1.0070
	0.9967
	0.9966

	75–84          
	1.0188
	1.0196
	1.3367
	1.2852
	1.0328
	1.0281
	1.0057
	1.0058
	1.0003
	1.0004

	85–94          
	1.0313
	1.0137
	1.3807
	1.3870
	0.9983
	0.9944
	1.0155
	1.0086
	1.0007
	1.0009

	95 +    
	1.0509
	1.0842
	1.3043
	1.4240
	1.0238
	0.9405
	0.9872
	0.9954
	0.9995
	1.0008
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