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Disparities in COVID-19’s Impact on  
Employment and Household Consumption

Andrea Flores and George-Levi Gayle 

1 INTRODUCTION
Since the onset of the COVID-19 pandemic, households have experienced significant disrup-

tions that could potentially have long-lasting economic and social implications. In particular, it is 
well documented that the pandemic has had an unequal impact on employment with respect to 
income, race, and education and has contributed to a widening of pre-existing disparities.1 In this 
article, we adopt a more comprehensive approach by investigating how these employment gaps 
relate to socio-demographic gradients in the impact of the pandemic on household consumption, 
which, to the best of our knowledge, remains an open question. Specifically, we find significant 
differences across racial, income, and education groups regarding the incidence of food insecurity 
and the reliance on social insurance programs and other forms of government assistance during 
the pandemic.

To implement our approach, we rely on data from the first 36 weeks of the Census Bureau’s 
Household Pulse Survey, which contains information on employment, housing, food sufficiency, 
spending patterns, and educational changes.2 We supplement this survey data with information 

This article investigates the socio-demographic differences in household responses to the COVID-19 
pandemic regarding employment and consumption. We find that the significant racial disparities in 
employment observed during the pandemic can be explained, in part, by differences in household income, 
composition, education, and occupational sorting. Nonetheless, we document pervasive racial, income, 
and educational gradients when focusing on household food insecurity and individuals’ reliance on social 
insurance programs and other government assistance during the pandemic. Overall, our results highlight 
that the disparities observed for household income and education tend to be the most significant and most 
pervasive following the onset of the COVID-19 crisis. (JEL J21, J24, J63, I38)

Federal Reserve Bank of St. Louis Review, Fourth Quarter 2022, 104(4), pp. 224-65. 
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on state-level COVID-19 cases and death counts and average mobility changes relative to February 
2020 for each corresponding week captured in the Pulse retrieved from the COVID Tracking Project 
and Google’s Mobility Reports, respectively. Furthermore, we use Current Population Survey (CPS) 
data to control for pre-pandemic trends when focusing on outcomes for which there is information 
available before the onset of the COVID-19 pandemic. Combining these data sources, we identify 
the differential impact of the pandemic across socio-demographic groups by implementing a 
regression-based methodology that allows us to control for differences in individual and household 
characteristics and state-specific differences related to containment of the virus. 

First, we focus on trends in employment and earnings losses experienced during the pandemic. 
We find significant disparities in earnings losses with respect to household income and respondents’ 
education and race that persist after controlling for other household and respondents’ characteris-
tics. This finding is consistent with the socio-demographic differences in the decline in employment 
rates observed during the pandemic. Furthermore, we find that racial and education disparities in 
employment and earnings losses go away once we control for household income. The elimination 
of the racial gap in earning losses during the pandemic once we control for household income can 
be attributable to the strong relationship between household income and workers’ ability to work 
from home documented in Mongey, Pilossoph and Weinberg (2020) and Blau, Koebe, and 
Meyerhofer (2020). To substantiate this argument, we corroborate that those individuals living in 
households at the lower quintiles of the income distribution and without a bachelor’s degree were 
significantly less likely to experience a switch to telework during the pandemic, which persists after 
controlling for occupation. This result is in line with the decomposition results in Montenovo et al. 
(2020), indicating that a significant part of the socio-demographic gradients in employment losses 
is because of differences in pre-pandemic occupational sorting, which is strongly related to workers’ 
ability to work from home. 

Second, we analyze the different types of non-employment related to the pandemic. We find 
that non-employment due to business responses to the pandemic and symptoms associated with 
COVID-19 was more prevalent among Blacks and Hispanics, individuals in households in the 
bottom quintiles of the income distribution, and individuals without a bachelor’s degree. After 
controlling for other socio-demographic and household characteristics and respondents’ occupa-
tions, these disparities persist. The patterns observed regarding non-employment due to business 
responses to the pandemic are consistent with the socio-demographic gradients reported in Adams- 
Prassl et al. (2020) and Montenovo et al. (2020) related to job losses and layoffs experienced during 
the pandemic. Similarly, the patterns observed in non-employment due to symptoms associated 
with COVID-19 are consistent with the racial disparities documented by Angelucci et al. (2020) 
and Papageorge et al. (2020) regarding individual adoption of self-protective behavior and reflective 
of the uneven spread of the virus across socio-demographic groups. 

We also find similar income and education gradients in the impact of the pandemic on non- 
employment as it relates to the childcare needs of the household. However, racial differences in 
household composition explain the disparity across households observed initially from childcare 
needs inducing non-employment. Furthermore, the pandemic has widened a pre-existing gender 
gap in non-employment because of the need to provide childcare for children in the household. 
Women were significantly more likely than men to report childcare needs as the reason for non- 
employment during the pandemic, even after controlling for pre-pandemic trends. This finding 
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corroborates that, besides differences in occupational sorting, the increased demand for home 
childcare has contributed to the adverse impact of the pandemic on women’s employment rates 
documented in Alon et al. (2020) and Montenovo et al. (2020).

Finally, we analyze two measures of consumption disparity. The first pertains to the incidence 
of food insufficiency experienced by households during the pandemic. The second involves house-
hold sources of spending income to mitigate income losses during the pandemic. In terms of food 
insufficiency, the pandemic had a more adverse impact on Black and Hispanic households, respon-
dents without a bachelor’s degree, and households in the lower quintiles of the income distribution. 
We follow Moffitt and Ziliak (2020) and Ziliak (2020) in using information from the December 
Food Security Supplement of the CPS to corroborate that the adverse impact documented among 
these socio-demographic groups during the pandemic significantly worsened pre-pandemic dis-
parities in food insecurity, mainly across income quintiles and education groups. 

We then investigate the different buffers used by households to face the income shock generated 
by the pandemic. We find that the socio-demographic groups with a higher share of households 
experiencing employment income losses during the pandemic relied significantly more on borrow-
ing from family and friends and the economic impact payment (EIP) than the socio-demographic 
groups with a lower share of households experiencing employment income losses. When investigat-
ing how the EIP was spent, we find that households in socio-demographic groups more likely to 
receive these transfers used the money to cover food expenditures and utilities. We find similar gaps 
in the percentage of households saving this additional income. This share increases monotonically 
with household income and respondents’ education and is higher for White respondents’ house-
holds than for their non-White counterparts. 

Given that the reliance on unemployment insurance (UI) as a spending income source does 
not reflect the disparities documented in employment income losses, we analyze differences in the 
demand for and receipt of these benefits. We find that while the education, income, and race gra-
dients of the respondents applying for UI benefits are consistent with the disparities documented 
for employment income losses, these disparities are reversed when we focus on the percentage of 
respondents who reported receiving UI benefits conditional on applying for them. This finding 
aligns with the criticism raised in Bitler, Hoynes, and Schanzenbach (2020) that social insurance 
programs in the United States have not effectively responded to the unmet needs of relatively more 
disadvantaged households during the pandemic. The authors argue that these programs’ short-
comings are attributable primarily to delays, coverage gaps, and the magnitude of benefits—particu-
larly related to UI. 

The remainder of the article is organized as follows. Section 2 describes the data sources and 
empirical strategy used in our analysis. Section 3 presents trends in employment during the pan-
demic. Section 4 describes our findings related to the incidence of food insufficiency and the dif-
ferent spending income sources used by households during the pandemic. Section 5 concludes.

2 DATA AND EMPIRICAL STRATEGY
2.1 Data Sources

The dataset used in this article is obtained from the public-use files covering weeks 1-36 of the 
Household Pulse Survey (hereafter the Pulse), spanning April 23, 2020, to August 30, 2021.3 The 
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Pulse is an online survey created by the U.S. Census Bureau in collaboration with other federal 
agencies to collect timely data on household responses to the COVID-19 pandemic regarding 
employment, housing, food sufficiency, spending patterns, travel plans, housing, application for 
and receipt of benefits from social insurance programs, and educational changes. The survey was 
carried out in three main phases and is nationally representative when using the weights provided 
by the Census Bureau.4 Thus, we primarily use the combination of household-level and individual- 
level information on employment and consumption provided in the Pulse to document socio- 
demographic disparities in the pandemic’s impact. 

The use of alternative data collection methods during the pandemic was necessary due to the 
limitations lockdowns imposed on institutions’ ability to conduct face-to-face interviews. For 
instance, Adams-Prassl et al. (2020) use COVID Inequality data, which was collected through an 
online survey conducted around April 9-14, 2020, for the United States, United Kingdom, and 
Germany, with sample sizes of 4,000, 4,931, and 4,002, respectively. This data source is comparable 
to nationally representative data such as the CPS (United States), Labour Force Survey (United 
Kingdom), and Socio-Economic Panel (Germany). Angelucci et al. (2020) use nine waves of the 
Understanding America Study, which is a nationally representative online panel of 6,922 U.S. adults 
spanning March 10-July 21, 2020.5 A potential shortcoming of mobile/online data collection relates 
to the extent to which there could exist sample selection bias due to disparate response patterns 
across different socio-demographic groups. To address this, the Census Bureau has consistently 
provided sampling weights in each release of the public-use files. These weights have been con-
structed and shown to mitigate such non-response bias (Peterson et al., 2021).6 Throughout the 
analysis implemented in this article, we use these sampling weights. 

To control for state-level differences in the spread of the virus and containment measures, we 
supplement the Pulse data with state-level information on (i) the number of COVID-19 cases from 
the COVID Tracking Project and CDC Case Surveillance public-use data and (ii) mobility from 
Google’s Mobility Reports. The Mobility Reports have been used for cross-country analysis to capture 
changes in mobility in response to lockdowns to assess the degree of compliance with this type of 
containment measure, as in Bargain and Aminjonov (2020). Trends by socio-demographic groups 
and regions are presented in the appendix. We also supplement the Pulse information with CPS 
data from January 2019 to August 2021 for outcomes captured in both datasets. CPS data allow 
us to control pre-pandemic trends in these variables to capture how the pandemic has widened 
pre-existing gaps. 

The article explores disparities related to education, race, gender, and income. Specifically, we 
use income quintiles defined using the income brackets provided in the Pulse and following 2019 
mean quintile incomes in the January 13, 2021, update of Donovan, Labonte and Dalaker (2016): 
(i) The bottom quintile includes the income bracket with household income lower than $25,000; 
(ii) the second quintile includes the income brackets with household income between $25,000 and 
$50,000; (iii) the third quintile includes the income bracket with household income between $50,000 
and $75,000; (iv) the fourth quintile includes the income brackets with household income between 
$75,000 and $150,000; and (v) the top quintile includes the income brackets with household income 
higher than $150,000.7 

To analyze trends in employment during the pandemic, we use data available in the Pulse 
regarding job losses, changes in work arrangements, and employment interruptions. We also use 
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data from the CPS to document how these trends differ before and after the pandemic and to con-
trol for occupation-specific fixed effects. For employment interruptions associated with the pan-
demic, we focus on three main types of non-employment experienced during the pandemic: 
non-employment due to (i) business responses to the pandemic, (ii) the onset of COVID-19 symp-
toms, and (iii) meeting childcare needs. Even though information on individuals’ employment status 
was collected throughout the 36 weeks we use from the Pulse, information on the three types of 
non-employment we focus on is available only until the end of week 27 (ending on March 29, 2021).

When focusing on outcomes related to household consumption, we delve into three essential 
aspects collected in the Pulse. The first one pertains to the incidence with which households expe-
rienced food insufficiency during the pandemic. We supplement the Pulse information on food 
security during the pandemic with the CPS Food Security Supplement for 2018 and 2019, exploiting 
the fact that relevant information is available in both surveys to control for pre-pandemic trends 
in food insufficiency. This is similar to the approach implemented in Ziliak (2020), Moffitt and 
Ziliak (2020), and Bitler, Hoynes, and Schanzenbach (2020). The second aspect relates to how house-
holds used EIPs received during the pandemic, as the Pulse contains such information for weeks 
7-12 of the survey. Finally, we focus on gaps in applying for and receiving UI benefits. 

2.2 Empirical Strategy

In general, for outcomes observed only during the pandemic, we implement the following linear 
regression model to quantify the differential impact of the pandemic across socio-demographic 
groups: 

 Yit = α + βGGi + βXit + ηt + ηs + vst + eit ,

where Gi includes indicators of individual i’s socio-demographic characteristics including education, 
race, and income quintile, and Xit denotes other socio-demographic characteristics for individuals 
and households. Furthermore, ηt denotes time-specific fixed effects (survey week fixed effects for 
Pulse data and month fixed effects for CPS data), ηs denotes state fixed effects, and vst denotes time- 
varying state characteristics. Among the latter, we consider the total number of new COVID-19 
cases reported in state s during period t and the different indices of geographic mobility documented 
for state s during period t. Thus, for socio-demographic group G, the coefficient of interest through-
out the analysis is captured by βG.

When supplementing Pulse data with CPS data to include information on months before the 
onset of the pandemic, we consider a variation of the specification implemented in Angelucci et al. 
(2020). Specifically, we implement the following linear regression model: 

 Yit = α + γPostt + βGGi + βGtPostt × Gi + βXit + ηt + ηs + vst + eit ,

where Postt indicates whether t corresponds to a pandemic month (after March 2020). Thus, for 
socio-demographic group G, the coefficient of interest throughout the analysis is captured by βGt , 
as it captures the differential impact of the pandemic on group G when accounting for pre-existing 
gaps in the relevant outcome.
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3 EMPLOYMENT
This section presents analysis of the impact of the COVID-19 pandemic on (i) the incidence of 

employment income losses, (ii) changes in work arrangements, and (iii) individuals’ employment 
status during the week before the Pulse interview. Among those who were not working during the 
survey’s reference period, we further investigate the reasons for non-employment, including 
experiencing COVID-19 symptoms, business closures associated with the pandemic, and meeting 
childcare needs.

3.1 Employment Income Losses

Overall, approximately 48 percent of households experienced a loss in employment income 
since March 13, 2020. However, there exist noticeable differences in the incidence of income losses 
across household characteristics. Figure 1 presents the fraction of households within each socio- 
demographic group that reported an employment income loss since the onset of the COVID-19 
crisis. 

A. Education B. Income quintile

C. Race D. Number of children

Figure 1
Household Loss of Employment Income Since March 13, 2020

NOTE: Averages across all available weeks are reported. 
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There are significant differences in the incidence of household employment income losses by 
education group. About 58 percent of households where the respondent has less than a high school 
diploma reported a drop in employment income since the pandemic’s start compared with about 
only 39 percent of households where the respondent has a bachelor’s degree or higher. Table 1 shows 
the results after controlling for additional characteristics such as household income, respondent 
age, state-level mobility changes, and state-level average new COVID-19 cases and deaths. The 
education gradient in the incidence of employment income losses is non-monotonic among house-
holds where the respondent does not have a bachelor’s degree. Additionally, Table 1 shows that 
those households were more likely to experience an employment income loss during the pandemic 
than households where the respondent was a college graduate; the incidence of income losses was 
slightly higher among households of respondents with some college (7.4 percentage points) than 

(1) (2) (3) (4) (5) (6) (7) (8)
�(Black) 0.114∗∗∗ 0.080∗∗∗ 0.100∗∗∗ 0.077∗∗∗ 0.054∗∗∗ 0.053∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
�(Hispanic) 0.164∗∗∗ 0.129∗∗∗ 0.139∗∗∗ 0.121∗∗∗ 0.076∗∗∗ 0.075∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
�(Other race) 0.007 0.015∗∗∗ 0.027∗∗∗ 0.026∗∗∗ -0.010∗ -0.011∗∗

(0.005) (0.005) (0.006) (0.005) (0.005) (0.005)
�(Bottom quintile) 0.244∗∗∗ 0.212∗∗∗ 0.178∗∗∗ 0.186∗∗∗ 0.196∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.005)
�(Second quintile) 0.208∗∗∗ 0.183∗∗∗ 0.153∗∗∗ 0.166∗∗∗ 0.174∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004)
�(Third quintile) 0.159∗∗∗ 0.143∗∗∗ 0.118∗∗∗ 0.131∗∗∗ 0.138∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004)
�(Fourth quintile) 0.099∗∗∗ 0.092∗∗∗ 0.077∗∗∗ 0.086∗∗∗ 0.089∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Less than high school diploma) 0.192∗∗∗ 0.147∗∗∗ 0.084∗∗∗ 0.039∗∗∗ 0.047∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.008)
�(High school graduate) 0.112∗∗∗ 0.096∗∗∗ 0.047∗∗∗ 0.028∗∗∗ 0.035∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Some college) 0.135∗∗∗ 0.124∗∗∗ 0.089∗∗∗ 0.069∗∗∗ 0.074∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
Household size 0.065∗∗∗ 0.065∗∗∗

(0.002) (0.002)
Number of children -0.031∗∗∗ -0.031∗∗∗

(0.002) (0.002)
�(Female respondent) -0.012∗∗∗ -0.012∗∗∗

(0.002) (0.002)
�(Married respondent) -0.034∗∗∗ -0.033∗∗∗

(0.003) (0.003)
State average mobility, retail 0.052 0.054

(0.110) (0.110)
State average mobility, transit -0.142 -0.140

(0.101) (0.101)
State average mobility, grocery -0.019 -0.020

(0.099) (0.099)
State average mobility, workplaces 0.083 0.084

(0.082) (0.082)
State average mobility, residential 0.001 0.004

(0.096) (0.096)
State average number of new cases -0.017 -0.018

(0.012) (0.012)
�(At least 1 adult switching to telework) 0.024∗∗∗

(0.003)
Constant 0.367∗∗∗ 0.242∗∗∗ 0.305∗∗∗ 0.237∗∗∗ 0.289∗∗∗ 0.211∗∗∗ 0.070∗∗∗ 0.054∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.014) (0.014)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
N 834,165 834,165 834,165 834,165 834,165 834,165 834,165 834,165

Table 1
Household Probability of Employment Income Loss
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among households of high school dropouts (4.7 percentage points) and high school graduates 
(3.5 percentage points).

The incidence of employment income losses during the COVID-19 pandemic monotonically 
decreases with household income. Approximately 57 percent of households in the bottom quintile 
of the income distribution reported experiencing a loss in employment income since March 13, 
2020, while that number dropped to 33 percent for households in the top quintile of the income 
distribution. Table 1 shows that this income gradient persists after controlling for other socio- 
demographic characteristics and average state-level mobility and COVID-19 cases. Specifically, 
we find that households in the bottom quintile were 19.6 percentage points more likely to experi-
ence a loss in employment income during the pandemic than households in the top quintile of the 
income distribution. 

There are also substantial racial differences in income losses due to the pandemic. Approximately 
43 percent of White respondents’ households reported a decline in employment income during 
the pandemic; this climbs to 55 percent and 60 percent of Black and Hispanic respondents’ house-
holds, respectively. The results in Table 1 show that these racial differences in income losses persist 
after controlling for household income and composition, respondent education, and changes in 
work arrangements. Specifically, we find that the probability of an employment income loss among 
Black and Hispanic respondents’ households was 5.3 percentage points and 7.5 percentage points 
higher, respectively, than among White respondents’ households.

3.2 Changes in Work Arrangements

Adams-Prassl et al. (2020) find that the share of tasks that can be done from home is a strong 
predictor of the percentage of workers who have experienced a job loss during the pandemic, 
explaining up to 69 percent of the variation in COVID-19-related job losses in the United States. 
Given the socio-demographic patterns presented above regarding the incidence of household 
employment income losses since the start of the pandemic, it is pertinent to investigate whether 
there are comparable patterns in changes in household work arrangements. Figure 2 presents the 
differences in the ability of adults in respondent households to switch from in-person work to work 
from home by education, income, race, and the number of children in the household. Table 2 
presents the results from implementing a linear probability model (LPM) on the incidence that at 
least one adult in the respondent’s household switched their typical in-person work to telework 
during the pandemic.

Approximately 15 percent of households where the respondent has less than a high school 
diploma reported at least one adult household member substituting their typical in-person work 
for telework. In contrast, more than 60 percent of households where the respondent has a bachelor’s 
degree or higher reported at least one adult household member starting to work from home during 
the pandemic. The LPM results suggest that the probability of at least one adult in the household 
switching to telework during the pandemic is 33.4 percentage points lower for households where 
the respondent does not have a high school diploma compared with those where the respondent 
has a bachelor’s degree or higher.

We also find a sharp income gradient in the incidence of at least one adult household member 
starting working from home due to the pandemic. Approximately 13 percent of households at the 
bottom of the income distribution reported at least one adult teleworking due to the pandemic. In 
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contrast, approximately 70 percent of households at the top of the distribution reported at least 
one adult switching between in-person work and telework. The LPM results show that the proba-
bility of experiencing at least one adult switching to telework during the pandemic is 41.9 percentage 
points lower for households in the bottom quintile of the distribution relative to households in the 
top quintile.

Similar to the differences in the incidence of employment income losses, Figure 2 shows that 
there are also noticeable racial differences in the incidence of changes in household work arrange-
ments. Around 33 percent of Black and Hispanic respondents’ households had at least one adult 
teleworking due to the pandemic. In contrast, about 45 percent of White respondents’ households 
did. Column 1 of Table 2 shows racial disparity in the probability of at least one adult switching to 
telework during the pandemic. The probability is 7.1 percentage points and 9.5 percentage points 
lower for Black and Hispanic respondents’ households, respectively, compared with their White 
counterparts. However, after controlling for household income and respondents’ education, these 

A. Education B. Income quintile

C. Race D. Number of children

Figure 2
Changes in Household Work Arrangements

NOTE: Averages across weeks are reported. Information on changes in household members’ work arrangements is available 
only in Phase 2 and Phase 3 of the survey: The question explicitly defines telework as working from home and asks whether 
any adult in the household has substituted some or all of their typical in-person work for telework because of the pandemic 
(including the respondent) with the options being (a) yes, at least one adult, (b) no, no adults have substituted their typical 
in-person work for telework, and (c) no, there has been no change in telework. 
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racial differences are eliminated, which means that the racial gap is attributable to the ability of 
households to change their work arrangements, thus indicating that such racial disparity is driven 
by racial gaps in income and education and not by race per se. 

We supplement the Pulse’s household-level data on changes in adult work arrangements with 
individual-level data from the CPS on changing to telework during the pandemic. Table 3 presents 
the results from implementing an LPM on respondents’ changes in work arrangements. Using the 
CPS data allows us to control for occupation fixed effects, which are of particular importance given 
the observed relationship between worker occupation and the ability to work from home docu-

(1) (2) (3) (4) (5) (6) (7)
�(Black) -0.071∗∗∗ 0.026∗∗∗ –0.027∗∗∗ 0.030∗∗∗ 0.019∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004)
�(Hispanic) –0.089∗∗∗ 0.011∗∗∗ 0.000 0.045∗∗∗ 0.029∗∗∗

(0.004) (0.004) (0.004) (0.003) (0.004)
�(Other race) 0.097∗∗∗ 0.078∗∗∗ 0.035∗∗∗ 0.040∗∗∗ 0.028∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.005)
�(Bottom quintile) –0.554∗∗∗ –0.555∗∗∗ –0.404∗∗∗ –0.419∗∗∗

(0.003) (0.004) (0.004) (0.004)
�(Second quintile) –0.483∗∗∗ –0.483∗∗∗ –0.355∗∗∗ –0.362∗∗∗

(0.003) (0.003) (0.003) (0.004)
�(Third quintile) –0.365∗∗∗ –0.365∗∗∗ –0.270∗∗∗ –0.272∗∗∗

(0.003) (0.003) (0.003) (0.004)
�(Fourth quintile) –0.181∗∗∗ –0.180∗∗∗ –0.130∗∗∗ –0.129∗∗∗

(0.003) (0.003) (0.003) (0.003)
�(Less than high school diploma) –0.479∗∗∗ –0.477∗∗∗ –0.321∗∗∗ –0.334∗∗∗

(0.006) (0.006) (0.006) (0.006)
�(High school graduate) –0.418∗∗∗ –0.415∗∗∗ –0.294∗∗∗ –0.298∗∗∗

(0.003) (0.003) (0.003) (0.003)
�(Some college) –0.266∗∗∗ -0.263∗∗∗ -0.179∗∗∗ -0.186∗∗∗

(0.002) (0.002) (0.002) (0.002)
Household size 0.021∗∗∗

(0.001)
Number of children -0.007∗∗∗

(0.002)
�(Female respondent) 0.005∗∗

(0.002)
�(Married respondent) -0.039∗∗∗

(0.002)
State average mobility, retail -0.061

(0.094)
State average mobility, transit -0.098

(0.086)
State average mobility, grocery 0.055

(0.085)
State average mobility, workplaces -0.050

(0.070)
State average mobility, residential -0.126

(0.083)
State average number of new cases 0.010

(0.010)
Constant 0.280∗∗∗ 0.608∗∗∗ 0.518∗∗∗ 0.601∗∗∗ 0.521∗∗∗ 0.683∗∗∗ 0.657∗∗∗

(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.011)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes
N 834,972 834,972 834,972 834,972 834,972 834,972 834,972

Table 2
At Least One Adult in the Household Switched to Telework During the Pandemic



Flores and Gayle Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

234

mented in Adams-Prassl et al. (2020). We corroborate that differences in occupation matter: We 
find that race, income, and education disparities are reduced in magnitude and statistical significance 
(in the case of race) once we control for occupation-specific fixed effects. 

3.3 Employment Status

The analysis has centered on the impact of the pandemic on employment at the household level. 
The investigation is now focused on the effects of COVID-19 on individual respondents’ work status 
during the week before the survey. Figure 3 presents how the employment rate differs across socio- 
demographic groups over the weeks spanned by the Pulse.

Overall and averaging across all survey weeks available, 63 percent of respondents 18 to 65 years 
of age worked during the seven days before the survey interview. However, there are noticeable 
differences in employment rates by education, income quintile, race, marital status, gender, and 
number of children in the household. Table 4 presents the results from estimating a LPM on respon-
dents’ employment status during the pandemic.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
�(Black) –0.061∗∗∗ –0.011∗∗∗ –0.017∗∗∗ 0.006∗∗ –0.018∗∗∗ 0.002 0.002 0.013∗∗∗

(0.003) (0.002) (0.003) (0.002) (0.002) (0.002) (0.003) (0.002)
�(Hispanic) –0.140∗∗∗ –0.041∗∗∗ –0.087∗∗∗ –0.022∗∗∗ –0.040∗∗∗ –0.013∗∗∗ –0.011∗∗∗ 0.004∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Other race) 0.070∗∗∗ 0.044∗∗∗ 0.071∗∗∗ 0.045∗∗∗ 0.042∗∗∗ 0.032∗∗∗ 0.053∗∗∗ 0.039∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Bottom quintile) –0.297∗∗∗ –0.141∗∗∗ –0.273∗∗∗ –0.137∗∗∗ –0.148∗∗∗ –0.102∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Second quintile) –0.279∗∗∗ –0.139∗∗∗ –0.258∗∗∗ –0.136∗∗∗ –0.145∗∗∗ –0.104∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.003) (0.002)
�(Third quintile) –0.228∗∗∗ –0.124∗∗∗ –0.212∗∗∗ –0.121∗∗∗ –0.124∗∗∗ –0.094∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Fourth quintile) –0.135∗∗∗ –0.082∗∗∗ –0.126∗∗∗ –0.080∗∗∗ –0.073∗∗∗ –0.061∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Less than high school diploma) –0.416∗∗∗ –0.225∗∗∗ –0.396∗∗∗ –0.218∗∗∗ –0.324∗∗∗ –0.184∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(High school graduate) –0.356∗∗∗ –0.208∗∗∗ –0.348∗∗∗ –0.206∗∗∗ –0.296∗∗∗ –0.181∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Some college) –0.280∗∗∗ –0.171∗∗∗ –0.274∗∗∗ –0.168∗∗∗ –0.238∗∗∗ –0.150∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Female respondent) 0.038∗∗∗ 0.033∗∗∗

(0.001) (0.002)
�(Married respondent) 0.007∗∗∗ –0.001

(0.001) (0.001)
Household size –0.028∗∗∗ –0.019∗∗∗

(0.001) (0.001)
Number of children 0.022∗∗∗ 0.017∗∗∗

(0.001) (0.001)
State average mobility, retail –0.069 –0.052

(0.052) (0.049)
State average mobility, transit –0.346∗∗∗ –0.341∗∗∗

(0.045) (0.042)
State average mobility, grocery 0.264∗∗∗ 0.245∗∗∗

(0.040) (0.037)
State average mobility, workplaces 0.077 0.098∗∗

(0.049) (0.046)
State average mobility, residential 0.247∗∗∗ 0.252∗∗∗

(0.063) (0.059)
State average number of new cases 0.075∗∗∗ 0.081∗∗∗

(0.023) (0.022)
Constant 0.245∗∗∗ 0.389∗∗∗ 0.402∗∗∗ 0.462∗∗∗ 0.440∗∗∗ 0.475∗∗∗ 0.395∗∗∗ 0.456∗∗∗ 0.439∗∗∗ 0.472∗∗∗ 0.554∗∗∗ 0.557∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.004) (0.005) (0.005) (0.005) (0.004) (0.005) (0.007) (0.007)
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Occupation fixed effects No Yes No Yes No Yes No Yes No Yes No Yes
N 431,669 431,669 431,669 431,669 431,669 431,669 431,669 431,669 431,669 431,669 431,669 431669

Table 3
Individual Switched to Telework During the Pandemic, Aggregating Occupation Code to a Two-Digit Code 
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The education panel of Figure 3 shows that the employment rate was higher among workers 
with a bachelor’s degree (remaining steadily above 70 percent) than among workers without a 
bachelor’s degree (oscillating between 40 percent and 50 percent during the pandemic). We find 
that respondents without a bachelor’s degree were less likely than those with a bachelor’s degree to 
report being employed during the week before the interview. Specifically, Column 7 of Table 4 shows 
that respondents without a high school diploma were 15.7 percentage points less likely to report 
having worked during the pandemic than those with a bachelor’s degree when we control for other 
socio-demographic characteristics and household income and composition. We use data from the 
CPS covering December 2019 to December 2020 to control for pre-pandemic trends. Column 8 of 
Table 5 shows that relative to pre-COVID months, the employment of respondents with a high 
school diploma and those with some college was more adversely impacted by the pandemic than 
than the employment of those with a bachelor’s degree. 

The income gradients documented so far persist when looking at individual respondents’ 
employment status. Focusing on the two extremes of the income distribution, the income panel in 
Figure 3 shows the employment rate was substantially higher among workers living in households 
in the top quintile (above 77 percent) than among workers living in households in the bottom quin-
tile (around 33-42 percent). The LPM results presented in Table 4 show that the income gradients 
persist after controlling for other socio-demographic characteristics, survey week fixed effects, and 

A. Education B. Income quintile C. Race

D. Marital status E. Gender F. Number of children

Figure 3
Respondent Worked in the Past Seven Days

NOTE: Equally weighted five-survey-week moving averages are presented. 
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state fixed effects. In particular, Table 4 shows that respondents in households in the bottom quintile 
of the income distribution were almost 37.1 percentage points less likely to be employed during 
the pandemic than respondents in households in the top quintile of the income distribution. 
Through a pre- and post-pandemic comparison using CPS data from 2019 and 2020, we corroborate 
that respondents in households in the bottom two quintiles of the income distribution were more 
adversely affected by the pandemic than respondents in households in the top quintile of the income 
distribution. 

(1) (2) (3) (4) (5) (6) (7)
�(Black) -0.093∗∗∗ -0.012∗∗∗ -0.063∗∗∗ -0.008∗∗∗ -0.002

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Hispanic) -0.078∗∗∗ -0.003 -0.019∗∗∗ 0.016∗∗∗ 0.005∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Other race) 0.014∗∗∗ 0.011∗∗∗ -0.014∗∗∗ -0.005 -0.013∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004)
�(Bottom quintile) -0.432∗∗∗ -0.429∗∗∗ -0.355∗∗∗ -0.371∗∗∗

(0.003) (0.003) (0.003) (0.004)
�(Second quintile) -0.227∗∗∗ -0.225∗∗∗ -0.165∗∗∗ -0.176∗∗∗

(0.003) (0.003) (0.003) (0.003)
�(Third quintile) -0.136∗∗∗ -0.135∗∗∗ -0.090∗∗∗ -0.097∗∗∗

(0.003) (0.003) (0.003) (0.003)
�(Fourth quintile) -0.057∗∗∗ -0.056∗∗∗ -0.031∗∗∗ -0.035∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(Less than high school diploma) -0.320∗∗∗ -0.311∗∗∗ -0.180∗∗∗ -0.157∗∗∗

(0.005) (0.006) (0.005) (0.006)
�(High school graduate) -0.214∗∗∗ -0.209∗∗∗ -0.124∗∗∗ -0.113∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(Some college) -0.147∗∗∗ -0.143∗∗∗ -0.088∗∗∗ -0.087∗∗∗

(0.002) (0.002) (0.002) (0.002)
Age -0.004∗∗∗

(0.000)
Household size -0.010∗∗∗

(0.001)
Number of children 0.004∗∗∗

(0.001)
�(Female respondent) -0.059∗∗∗

(0.002)
�(Married respondent) 0.007∗∗∗

(0.002)
State average mobility, retail 0.052

(0.060)
State average mobility, transit -0.048

(0.046)
State average mobility, grocery -0.047

(0.044)
State average mobility, workplaces 0.279∗∗∗

(0.046)
State average mobility, residential -0.026

(0.052)
State average number of new cases -0.008

(0.013)
Constant 0.611∗∗∗ 0.782∗∗∗ 0.730∗∗∗ 0.783∗∗∗ 0.744∗∗∗ 0.816∗∗∗ 1.101∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.010)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes
N 1,687,394 1,687,394 1,687,394 1,687,394 1,687,394 1,739,544 1,687,394

Table 4
Employment, 2020 
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(1) (2) (3) (4) (5) (6) (7) (8)
�(Black) -0.063∗∗∗ -0.002 -0.037∗∗∗ 0.005∗∗∗ 0.008∗∗∗ 0.010∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Hispanic) -0.020∗∗∗ 0.033∗∗∗ 0.047∗∗∗ 0.068∗∗∗ 0.069∗∗∗ 0.075∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Other race) -0.031∗∗∗ -0.020∗∗∗ -0.038∗∗∗ -0.025∗∗∗ -0.024∗∗∗ -0.020∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.001) (0.001)
�(Pandemic month) -0.019∗∗∗ -0.011∗∗∗ -0.018∗∗∗ -0.005 -0.011∗∗∗ 0.000 -0.009∗∗∗ -0.009∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.004) (0.004)
�(Pandemic month)×�(Black) -0.025∗∗∗ -0.021∗∗∗ -0.022∗∗∗ -0.020∗∗∗ -0.016∗∗∗ -0.015∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Pandemic month)×�(Hispanic) -0.025∗∗∗ -0.023∗∗∗ -0.028∗∗∗ -0.026∗∗∗ -0.025∗∗∗ -0.025∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Pandemic month)×�(Other race) -0.019∗∗∗ -0.021∗∗∗ -0.022∗∗∗ -0.023∗∗∗ -0.022∗∗∗ -0.023∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Bottom quintile) -0.365∗∗∗ -0.371∗∗∗ -0.308∗∗∗ -0.297∗∗∗ -0.317∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Second quintile) -0.157∗∗∗ -0.163∗∗∗ -0.115∗∗∗ -0.107∗∗∗ -0.121∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Third quintile) -0.074∗∗∗ -0.079∗∗∗ -0.045∗∗∗ -0.040∗∗∗ -0.050∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Fourth quintile) -0.020∗∗∗ -0.023∗∗∗ -0.004∗∗∗ -0.001 -0.007∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Bottom quintile) -0.028∗∗∗ -0.023∗∗∗ -0.019∗∗∗ -0.013∗∗∗ -0.013∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Pandemic month)×�(Second quintile) -0.041∗∗∗ -0.036∗∗∗ -0.032∗∗∗ -0.027∗∗∗ -0.027∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Pandemic month)×�(Third quintile) -0.031∗∗∗ -0.029∗∗∗ -0.024∗∗∗ -0.021∗∗∗ -0.021∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Pandemic month)×�(Fourth quintile) -0.014∗∗∗ -0.013∗∗∗ -0.010∗∗∗ -0.009∗∗∗ -0.010∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Less than high school diploma) -0.291∗∗∗ -0.309∗∗∗ -0.213∗∗∗ -0.227∗∗∗ -0.204∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(High school graduate) -0.146∗∗∗ -0.152∗∗∗ -0.095∗∗∗ -0.107∗∗∗ -0.092∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Some college) -0.112∗∗∗ -0.115∗∗∗ -0.080∗∗∗ -0.083∗∗∗ -0.075∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Less than high school diploma) -0.006∗ 0.004 0.008∗∗ 0.007∗∗ 0.009∗∗

(0.003) (0.003) (0.004) (0.003) (0.003)
�(Pandemic month)×�(High school graduate) -0.026∗∗∗ -0.022∗∗∗ -0.017∗∗∗ -0.017∗∗∗ -0.017∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Pandemic month)×�(Some college) -0.023∗∗∗ -0.021∗∗∗ -0.018∗∗∗ -0.017∗∗∗ -0.016∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Female respondent) -0.112∗∗∗ -0.110∗∗∗

(0.001) (0.001)
�(Pandemic month)×�(Female) -0.006∗∗∗ -0.006∗∗∗

(0.002) (0.002)
�(Married respondent) 0.001 0.024∗∗∗

(0.001) (0.001)
�(Pandemic month)×�(Married) 0.018∗∗∗ 0.018∗∗∗

(0.002) (0.002)
Household size -0.029∗∗∗

(0.000)
Number of children 0.025∗∗∗

(0.000)
Age -0.002∗∗∗

(0.000)
Constant 0.691∗∗∗ 0.801∗∗∗ 0.787∗∗∗ 0.804∗∗∗ 0.801∗∗∗ 0.844∗∗∗ 0.902∗∗∗ 1.044∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
N 2,141,873 2,141,873 2,141,873 2,141,873 2,141,873 2,141,873 2,141,873 2,141,873

Table 5
Employment, 2019 vs. 2020
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Racial differences are also persistent when focusing on respondents’ work status. The employ-
ment rates of Black and Hispanic respondents are very close to each other, oscillating between 55 
percent and 62 percent throughout all survey weeks, while the employment rate of their White 
counterparts is above 64 percent. Nevertheless, the LPM results presented in Table 4 show that 
these racial gaps observed during the pandemic become insignificant once we control for household 
income, education, and other household characteristics. A pre- and post-pandemic comparison 
shows that after controlling for education and household characteristics, the employment rate of 
non-White individuals has been more adversely impacted by the pandemic than the employment 
rate of White individuals.

3.4 Reasons for Non-Employment

This subsection explores socio-demographic differences in the three main reasons individuals 
18 to 65 years of age reported for not working during the week before the survey: (i) feeling sick with 
COVID-19 symptoms; (ii) being laid off, furloughed, or losing employment as employers closed 
due to COVID-19; and (iii) taking care of children not in school or daycare. 

A. Education B. Income quintile C. Race

D. Marital status E. Gender F. Number of children

Figure 4
Respondent Not Working in the Past Seven Days, Business Responses to COVID-19

NOTE: Equally weighted five-survey-week moving averages are presented. 
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3.4.1 Business Responses to COVID-19

As the spread of COVID-19 started accelerating, both the implementation of increasingly 
strict lockdown measures and the reduction in demand in significant sectors of the economy that 
did not fall within the “critical infrastructure” definition provided by the Department of Homeland 
Security8 adversely impacted businesses in non-critical (i.e., non-essential) sectors of the economy. 
While some financially fragile firms did not survive, resulting in mass layoffs, others either laid off 
or furloughed a share of their workers in response to the COVID-19 shock (Bartik et al., 2020). 
Figure 4 presents the differences across socio-demographic groups in the incidence of respondents 

(1) (2) (3) (4) (5) (6) (7)
�(Black) 0.052∗∗∗ 0.027∗∗∗ 0.043∗∗∗ 0.025∗∗∗ 0.024∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Hispanic) 0.049∗∗∗ 0.024∗∗∗ 0.034∗∗∗ 0.021∗∗∗ 0.020∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Other Race) 0.008∗∗ 0.010∗∗∗ 0.018∗∗∗ 0.015∗∗∗ 0.014∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004)
�(Bottom quintile) 0.134∗∗∗ 0.126∗∗∗ 0.106∗∗∗ 0.100∗∗∗

(0.003) (0.003) (0.003) (0.003)
�(Second quintile) 0.111∗∗∗ 0.105∗∗∗ 0.087∗∗∗ 0.083∗∗∗

(0.002) (0.002) (0.002) (0.003)
�(Third quintile) 0.080∗∗∗ 0.076∗∗∗ 0.062∗∗∗ 0.060∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(Fourth quintile) 0.041∗∗∗ 0.039∗∗∗ 0.031∗∗∗ 0.031∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(Less than high school diploma) 0.084∗∗∗ 0.072∗∗∗ 0.031∗∗∗ 0.029∗∗∗

(0.005) (0.005) (0.005) (0.005)
�(High school graduate) 0.075∗∗∗ 0.070∗∗∗ 0.038∗∗∗ 0.035∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(Some college) 0.060∗∗∗ 0.056∗∗∗ 0.034∗∗∗ 0.032∗∗∗

(0.002) (0.002) (0.002) (0.002)
Household size 0.005∗∗∗

(0.001)
Number of children –0.007∗∗∗

(0.001)
�(Female respondent) –0.015∗∗∗

(0.002)
�(Married respondent) –0.018∗∗∗

(0.002)
State average mobility, retail –0.049

(0.060)
State average mobility, transit –0.010

(0.052)
State average mobility, grocery –0.080∗

(0.047)
State average mobility, workplaces –0.123∗∗∗

HS (0.044)
State average mobility, residential –0.037

(0.053)
State average number of new cases –0.018∗∗

(0.008)
Constant 0.176∗∗∗ 0.108∗∗∗ 0.140∗∗∗ 0.104∗∗∗ 0.131∗∗∗ 0.091∗∗∗ 0.090∗∗∗

(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.009)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes
N 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969

Table 6
Non-Employment During the Pandemic: Business Response to COVID-19
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not working during the week before the survey because respondents were laid off or furloughed as 
their employers adjusted to the COVID-19 shock. Table 6 presents the results from an LPM on the 
incidence of respondents experiencing non-employment due to business responses to COVID-19.

The education panel of Figure 4 shows that high school dropouts were almost twice as likely as 
college graduates to experience a disruption in employment due to business responses to the 
COVID-19 shock. This education gap fell during the first nine survey weeks then increased steadily 
after June 2020. The results presented in Column 7 of Table 6 show that after controlling for race, 
income, and other household characteristics, respondents without a bachelor’s degree were signifi-
cantly more likely to be non-employed due to business responses to COVID-19 than those with a 
bachelor’s degree. Furthermore, high school graduates (both without a bachelor’s degree and with 
some college) were the most adversely affected by the pandemic in this regard. We check and find 
that the latter is robust to using data from the CPS, as shown in Column 11 of Table 7. Once we 
control for occupation, as shown in Column 12, it is robust only for respondents with some college.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
�(Black) 0.042∗∗∗ 0.033∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 0.035∗∗∗ 0.032∗∗∗ 0.017∗∗∗ 0.020∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Hispanic) 0.050∗∗∗ 0.031∗∗∗ 0.028∗∗∗ 0.019∗∗∗ 0.034∗∗∗ 0.028∗∗∗ 0.020∗∗∗ 0.018∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Other race) 0.023∗∗∗ 0.025∗∗∗ 0.020∗∗∗ 0.022∗∗∗ 0.026∗∗∗ 0.026∗∗∗ 0.020∗∗∗ 0.022∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Bottom quintile) 0.143∗∗∗ 0.109∗∗∗ 0.135∗∗∗ 0.104∗∗∗ 0.123∗∗∗ 0.104∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Second quintile) 0.093∗∗∗ 0.069∗∗∗ 0.087∗∗∗ 0.065∗∗∗ 0.076∗∗∗ 0.065∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Third quintile) 0.055∗∗∗ 0.039∗∗∗ 0.051∗∗∗ 0.037∗∗∗ 0.043∗∗∗ 0.036∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Fourth quintile) 0.024∗∗∗ 0.017∗∗∗ 0.022∗∗∗ 0.016∗∗∗ 0.017∗∗∗ 0.015∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Less than high school diploma) 0.086∗∗∗ 0.037∗∗∗ 0.073∗∗∗ 0.029∗∗∗ 0.036∗∗∗ 0.003

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(High school graduate) 0.050∗∗∗ 0.016∗∗∗ 0.045∗∗∗ 0.013∗∗∗ 0.020∗∗∗ -0.002

(0.001) (0.002) (0.001) (0.002) (0.002) (0.002)
�(Some college) 0.046∗∗∗ 0.024∗∗∗ 0.043∗∗∗ 0.023∗∗∗ 0.026∗∗∗ 0.012∗∗∗

(0.001) (0.002) (0.001) (0.002) (0.001) (0.002)
�(Female respondent) 0.013∗∗∗ 0.010∗∗∗

(0.001) (0.001)
�(Married respondent) -0.005∗∗∗ 0.002

(0.001) (0.001)
Household size 0.004∗∗∗ 0.001∗∗

(0.001) (0.001)
Number of children -0.002∗∗∗ -0.001

(0.001) (0.001)
State average mobility, retail -0.018 -0.020

(0.046) (0.045)
State average mobility, transit -0.211∗∗∗ -0.222∗∗∗

(0.037) (0.037)
State average mobility, grocery 0.074∗∗ 0.086∗∗∗

(0.031) (0.030)
State average mobility, workplaces -0.014 -0.022

(0.039) (0.038)
State average mobility, residential -0.008 -0.009

(0.049) (0.049)
State average number of new cases -0.027 -0.029

(0.018) (0.018)
Constant 0.211∗∗∗ 0.189∗∗∗ 0.173∗∗∗ 0.171∗∗∗ 0.191∗∗∗ 0.187∗∗∗ 0.169∗∗∗ 0.168∗∗∗ 0.182∗∗∗ 0.181∗∗∗ 0.157∗∗∗ 0.166∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.006)
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Occupation fixed effects No Yes No Yes No Yes No Yes No Yes No Yes
N 470,913 470,913 470,913 470,913 470,913 470,913 470,913 470,913 470,913 470,913 470,913 470,913

Table 7
Non-Employment During the Pandemic: Business Responses to COVID-19, Controlling for 
Occupation
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Similarly, respondents in households in the bottom quintile of the income distribution were 
more than three times more likely than respondents in households in the top quintile to experience 
employment disruption due to business responses to the COVID-19 shock. Column 7 of Table 6 
shows that this finding persists after controlling for education, race, and other household character-
istics. Specifically, Column 7 of Table 6 shows that the likelihood of non-employment due to busi-
ness responses to COVID-19 monotonically decreases with household income. Respondents in 
households at the bottom quintile of the income distribution were almost 10 percentage points 
more likely to report non-employment due to business responses to the pandemic than respondents 
in households in the top quintile of the income distribution.

The race panel of Figure 4 shows that Black and Hispanic workers were more than 1.3 times 
more likely than White workers not to be working due to business responses to the pandemic. 
Column 7 of Table 6 shows that these racial disparities persist after controlling for education, 
income, and other household characteristics. Specifically, Column 7 of Table 6 shows that Black 
and Hispanic workers were 2.4 percentage points and 2 percentage points, respectively, more likely 
to experience non-employment due to business responses to the pandemic than their White counter-
parts. We corroborate the robustness of these disparities using data from the COVID-19 module 
of the CPS, as shown in Column 11 of Table 7. Furthermore, Column 12 shows that these racial 
disparities persist after controlling for occupation.

The socio-demographic disparities in the incidence of employment disruptions from business 
responses to the COVID-19 pandemic are consistent with the findings of Adams-Prassl et al. (2020), 
Angelucci et al. (2020), and Montenovo et al. (2020), who also document the extent to which Black 
and Hispanic workers at the bottom of the income distribution and without a bachelor’s degree 
had job and earnings losses primarily associated with the relatively low remotability of their jobs 
as social-distancing measures were increasingly adopted to slow the spread of the virus.

3.4.2 Exhibiting COVID-19 Symptoms

As the virus spreads within and across communities, it is expected for workers to become more 
likely to contract the virus, especially if they are unable to adopt self-protective behavior that not 
only limits their exposure to the virus but also reduces the probability of infection when the risk of 
exposure is inevitably high. Figure 5 presents the differences across socio-demographic groups in 
the incidence of respondents not working during the week before the survey because they exhibited 
COVID-19 symptoms. Table 8 presents the results after implementing an LPM on respondents’ 
incidence of non-employment due to being sick with COVID-19 symptoms. 

In terms of education, there are noticeable differences between high school dropouts and col-
lege graduates regarding not working due to exhibiting COVID-19 symptoms. While less than 0.6 
percent of respondents with a bachelor’s degree reported not working for this reason during the 
week before the survey, for respondents who are high school dropouts, the percentage oscillated 
between 0.75 percent and 3 percent (peaking around mid-June and reaching its highest toward 
mid-November). These findings persist when controlling for respondents’ race, household income, 
and other household characteristics: The probability of non-employment due to COVID-19 symp-
toms is 1.3 percentage points higher for respondents without a high school diploma than for than 
for those with a bachelor’s degree. Furthermore, the results presented in Column 7 of Table 8 show 
that this probability decreases monotonically with respondents’ education. 
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We observe similar gaps with respect to race: Hispanic respondents were more than four times 
as likely as their White counterparts not to be working due to exhibiting COVID-19 symptoms. 
Similarly, Black respondents were more than twice as likely as their White counterparts not to be 
working for the same reason. These findings persist when controlling for respondents’ education, 
household income, and other household characteristics, as shown in Column 7 of Table 8. The 
results indicate that the probability of non-employment due to COVID-19 symptoms was 0.5 per-
centage points higher for Black respondents and 1.5 percentage points higher for Hispanics relative 
to their White counterparts. 

The peaks observed for respondents that are high school dropouts, Hispanic, or Black coincide 
with the spike in cases recorded around June 10, 2020, as various states started easing social-distancing 
measures and implementating reopening plans. Similarly, the rapid pickup for these respondents 
in the incidence of non-employment due to COVID-19 symptoms starting in mid-October coin-
cides with the spike in nationwide cases on October 15, when around 44 states announced a substan-
tial increase in new caseloads compared with mid-September. Furthermore, the spikes observed 
toward mid-November for these respondents are close to when the United States reported around 
100,000 cases in a single day, around November 4, and ultimately lead to the second peak close to 
January, which was further fueled by the spread of the Delta variant.9 

A. Education B. Income quintile C. Race

D. Marital status E. Gender F. Number of children

Figure 5
Respondent Not Working in the Past Seven Days, Sick with COVID-19 Symptoms

NOTE: Equally weighted five-survey-week moving averages are presented. 
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We also find evidence of an income gradient in the incidence of non-employment associated 
with COVID-19 symptoms, with respondents in households in the bottom two quintiles relatively 
more likely to report this type of non-employment than respondents in households in the top quin-
tile of the income distribution. The results presented in Column 7 of Table 8 show that respondents 
in households at the bottom of the income distribution were 1.3 percentage points more likely to 
report this type of non-employment than respondents in households in the top quintile of the income 
distribution. Thus, overall, the results show that the likelihood of this type of non-employment 
decreases with household income. 

(1) (2) (3) (4) (5) (6) (7)
�(Black) 0.009∗∗∗ 0.005∗∗∗ 0.007∗∗∗ 0.005∗∗∗ 0.005∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Hispanic) 0.021∗∗∗ 0.018∗∗∗ 0.017∗∗∗ 0.016∗∗∗ 0.015∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Other race) 0.002∗ 0.002∗ 0.003∗∗∗ 0.003∗∗ 0.002∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Bottom quintile) 0.020∗∗∗ 0.016∗∗∗ 0.011∗∗∗ 0.013∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Second quintile) 0.015∗∗∗ 0.011∗∗∗ 0.007∗∗∗ 0.008∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Third quintile) 0.008∗∗∗ 0.006∗∗∗ 0.003∗∗∗ 0.004∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Fourth quintile) 0.004∗∗∗ 0.003∗∗∗ 0.002∗∗∗ 0.002∗∗∗

(0.000) (0.000) (0.000) (0.000)
�(Less than high school diploma) 0.025∗∗∗ 0.019∗∗∗ 0.015∗∗∗ 0.013∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(High school graduate) 0.013∗∗∗ 0.010∗∗∗ 0.007∗∗∗ 0.007∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Some college) 0.008∗∗∗ 0.006∗∗∗ 0.004∗∗∗ 0.004∗∗∗

(0.000) (0.000) (0.000) (0.000)
Household size 0.001∗∗∗

(0.000)
Number of children 0.001

(0.000)
�(Female respondent) –0.001

(0.001)
�(Married respondent) 0.001

(0.001)
State average mobility, retail 0.003

(0.020)
State average mobility, transit –0.057∗∗∗

(0.018)
State average mobility, grocery 0.047∗∗∗

(0.016)
State average mobility, workplaces –0.094∗∗∗

(0.017)
State average mobility, residential 0.002

(0.019)
Average number of new cases, state –0.004

(0.004)
Constant 0.002 –0.006∗∗∗ –0.003∗ –0.005∗∗∗ –0.004∗∗ –0.007∗∗∗ –0.017∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes
N 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969

Table 8
Non-Employment During the Pandemic: Sick with COVID-19 Symptoms
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Unsurprisingly, the socio-demographic groups limited in their ability to work from home safely 
were more adversely affected by non-employment during the pandemic due to having COVID-19 
symptoms. This finding is consistent with the evidence in Papageorge et al. (2020) and Angelucci 
et al. (2020), which both center the relevant discussion on individuals’ ability to adopt self-protective 
measures. While the observed patterns are argued to display underlying differences in the adoption 
of work-related protective measures, there is also evidence that some socio-demographic groups 
are also limited in their ability to adopt necessary non-work protective behavior because they face 
a higher risk of eviction and utility disconnection (Jowers et al., 2021). Similarly, focusing on New 
York City at the start of the pandemic, the findings of Almagro et al. (2020) suggest that crowded 
housing and exposure at home are both significant drivers of racial gaps in COVID-19 infections. 
Another impediment to these groups’ ability to adhere to non-work-related protective behavior 
involves the public places they frequent. For instance, using mobility data within a Susceptible-
Exposed-Infectious-Removed (SEIR) epidemiological model, Chang et al. (2020) find that indi-
viduals in disadvantaged racial and socioeconomic groups tend to visit more-crowded places. This 
finding combined with the smaller reduction in mobility observed among these groups can help 
explain their relatively high transmission rates observed in the data.

3.4.3 Meeting Childcare Needs

As schools closed in response to the rising number of cases in the country, the pandemic placed 
a significant burden on parents’ time constraints. Figure 6 presents the differences across socio- 
demographic groups in the incidence of respondents not working during the week before the survey, 
because they were taking care of children in the household who were not going to school or daycare. 
It is not possible to distinguish between respondents who did not work and took care of children 
before the pandemic from those who worked before the pandemic and had to stop working to take 
care of children. However, the observed changes in non-employment due to childcare potentially 
captures, to some extent, employment disruptions due to the burden the pandemic placed on par-
ents’ time constraints because of the unavailability of daycare and the closure of schools. 

Concerning education, we find that respondents without a high school diploma were more likely 
to report not working due to childcare needs than respondents with higher educational attainment, 
as shown in Figure 6. Similarly, we also observe that this type of non-employment is more likely 
among respondents in households at the bottom of the income distribution and among non-White 
respondents. Column 7 of Table 9 shows that the education gradient persists after controlling for 
other socio-demographic characteristics and household income. Specifically, we find that individuals 
without a high school diploma were 1.4 percentage points more likely to report this type of non- 
employment than college graduates. Furthermore, the income gradient observed persists after 
controlling for the additional covariates, with respondents in households at the bottom of the 
income distribution approximately 4.4 percentage points more likely to report not working during 
the pandemic due to childcare needs. On the other hand, the results suggest that the racial disparities 
observed in Figure 6 are not robust once we control for household composition and respondents’ 
gender and marital status. 

So far, the main employment gaps related to the pandemic have been predominantly in terms 
of respondents’ education, income, and race. However, employment gaps associated with the care 
of children in the household who are not in school or daycare exhibit a substantial gender gap that 
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has been documented in Alon et al. (2020), Adams-Prassl et al. (2020), and Montenovo et al. (2020). 
While 4-5 percent of women reported not working to take care of children during the pandemic, 
only around 1 percent of men reported not working for that reason. This finding indicates that 
women were more than four times more likely than men not to be working and to be taking care 
of children in the household because of the pandemic. This gender gap persists after controlling 
for race, education, household income, and other household characteristics, as shown in Column 
7 of Table 9. Specifically, we find that female respondents were 3.7 percentage points more likely 
to report this type of non-employment than their male counterparts. 

Although the Pulse data on non-employment due to childcare needs does not permit disentan-
gling how much of such non-employment was driven by the increased pressure on parents’ time 
constraints from the closure of schools and daycare, the CPS data can be used to compare the inci-
dents of this type of non-employment before and during the pandemic. Table 10 presents the LPM 
results using CPS data for 2019-20 and suggests that this type of non-employment significantly 
increased more for women than for men during the pandemic. This finding is consistent with the 
gender gaps observed in the United States and United Kingdom by Adams-Prassl et al. (2020), who 
find that women were spending more time caring for children in the United States, suggesting that 
mothers assumed a higher burden of the increased childcare needs imposed by the pandemic. 
Adams-Prassl et al. (2020) argue that part of the gender differences observed in job losses can be 

A. Education B. Income quintile C. Race

D. Marital status E. Gender F. Number of children

Figure 6
Respondent Not Working in the Past Seven Days, Taking Care of Children Not in School or Daycare

NOTE: Equally weighted five-survey-week moving averages are presented. 
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explained by U.S. women being less likely to start working from home during the pandemic as the 
demand for their time at home increased. Similar evidence is documented in other countries. For 
instance, in the case of the United Kingdom, Sevilla and Smith (2020) find that part of the gender 
differences in employment disruptions during the COVID-19 pandemic can be explained by the 
increased demand for childcare.10 Similarly, we find that the racial and income gradients (though 
not the education gradient) related to non-employment due to childcare needs during the pandemic 
are robust once we control for pre-pandemic trends in this type of non-employment.

(1) (2) (3) (4) (5) (6) (7)
�(Black) 0.021∗∗∗ 0.012∗∗∗ 0.018∗∗∗ 0.011∗∗∗ 0.003∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Hispanic) 0.020∗∗∗ 0.011∗∗∗ 0.013∗∗∗ 0.009∗∗∗ –0.000

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Other race) 0.003∗ 0.003∗ 0.005∗∗∗ 0.004∗∗ 0.002

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Bottom quintile) 0.053∗∗∗ 0.049∗∗∗ 0.043∗∗∗ 0.044∗∗∗

(0.002) (0.002) (0.002) (0.002)
�(Second quintile) 0.027∗∗∗ 0.023∗∗∗ 0.018∗∗∗ 0.019∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Third quintile) 0.015∗∗∗ 0.013∗∗∗ 0.009∗∗∗ 0.011∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Fourth quintile) 0.006∗∗∗ 0.005∗∗∗ 0.003∗∗∗ 0.004∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Less than high school diploma) 0.042∗∗∗ 0.037∗∗∗ 0.022∗∗∗ 0.014∗∗∗

(0.003) (0.003) (0.003) (0.002)
�(High school graduate) 0.021∗∗∗ 0.018∗∗∗ 0.008∗∗∗ 0.011∗∗∗

(0.001) (0.001) (0.001) (0.001)
�(Some college) 0.017∗∗∗ 0.015∗∗∗ 0.009∗∗∗ 0.011∗∗∗

(0.001) (0.001) (0.001) (0.001)
Household size –0.003∗∗∗

(0.000)
Number of children 0.034∗∗∗

(0.001)
�(Female respondent) 0.037∗∗∗

(0.001)
�(Married respondent) 0.008∗∗∗

(0.001)
State average mobility, retail 0.066∗∗∗

(0.025)
State average mobility, transit –0.019

(0.024)
State average mobility, grocery –0.005

(0.021)
State average mobility, workplaces –0.015

(0.020)
State average mobility, residential 0.021

(0.025)
State average number of new cases 0.001

(0.004)
Constant 0.027∗∗∗ 0.010∗∗∗ 0.017∗∗∗ 0.008∗∗ 0.014∗∗∗ 0.005 –0.036∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.004)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes
N 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969 1,347,969 1347969

Table 9
Non-Employment During the Pandemic: Taking Care of Children Not in Daycare or School
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(1) (2) (3) (4) (5) (6) (7) (8)
�(Black) –0.006∗∗∗ –0.015∗∗∗ –0.010∗∗∗ –0.016∗∗∗ –0.007∗∗∗ –0.012∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Hispanic) 0.046∗∗∗ 0.037∗∗∗ 0.032∗∗∗ 0.029∗∗∗ 0.029∗∗∗ 0.015∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Other race) 0.034∗∗∗ 0.032∗∗∗ 0.034∗∗∗ 0.032∗∗∗ 0.031∗∗∗ 0.023∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month) 0.005∗∗∗ 0.002 0.006∗∗∗ 0.001 0.005∗∗∗ 0.002 0.002 0.002

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Pandemic month)×�(Black) 0.004∗∗∗ 0.003∗∗ 0.003∗∗ 0.003∗ 0.003∗ 0.002

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Hispanic) 0.003∗ 0.002 0.003∗∗ 0.002 0.003∗ 0.002

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Other race) 0.003∗ 0.003∗ 0.003∗ 0.003∗ 0.003∗ 0.003∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
�(Bottom quintile) 0.050∗∗∗ 0.047∗∗∗ 0.036∗∗∗ 0.051∗∗∗ 0.063∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Second quintile) 0.035∗∗∗ 0.031∗∗∗ 0.023∗∗∗ 0.033∗∗∗ 0.041∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Third quintile) 0.015∗∗∗ 0.013∗∗∗ 0.008∗∗∗ 0.015∗∗∗ 0.021∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Fourth quintile) 0.002∗∗∗ 0.001∗ –0.001 0.001 0.004∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Bottom quintile) 0.005∗∗∗ 0.005∗∗∗ 0.005∗∗∗ 0.004∗∗ 0.005∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Pandemic month)×�(Second quintile) 0.008∗∗∗ 0.007∗∗∗ 0.008∗∗∗ 0.007∗∗∗ 0.007∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Pandemic month)×�(Third quintile) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.005∗∗∗ 0.006∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Fourth quintile) 0.003∗∗ 0.003∗∗ 0.003∗∗ 0.003∗∗ 0.003∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Less than high school diploma) 0.067∗∗∗ 0.058∗∗∗ 0.045∗∗∗ 0.061∗∗∗ 0.048∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(High school graduate) 0.028∗∗∗ 0.026∗∗∗ 0.018∗∗∗ 0.034∗∗∗ 0.030∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Some college) 0.003∗∗∗ 0.003∗∗∗ –0.002∗∗∗ 0.009∗∗∗ 0.004∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Less than high school diploma) 0.002 0.001 –0.001 0.000 –0.000

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Pandemic month)×�(High school graduate) 0.001 0.001 –0.001 0.001 0.000

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Pandemic month)×�(Some college) 0.000 –0.000 –0.001 –0.000 –0.000

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Female respondent) 0.104∗∗∗ 0.103∗∗∗

(0.000) (0.000)
�(Pandemic month)×�(Female) 0.001 0.002∗

(0.001) (0.001)
�(Married respondent) 0.068∗∗∗ 0.063∗∗∗

(0.000) (0.001)
�(Pandemic month)×�(Married) –0.001 0.000

(0.001) (0.001)
Household size 0.007∗∗∗

(0.000)
Number of children 0.019∗∗∗

(0.000)
Age –0.001∗∗∗

(0.000)
Constant 0.070∗∗∗ 0.050∗∗∗ 0.054∗∗∗ 0.054∗∗∗ 0.056∗∗∗ 0.050∗∗∗ –0.059∗∗∗ –0.054∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
N 2,138,904 2,138,904 2,138,904 2,138,904 2,138,904 2,138,904 2,138,904 2,138,904

Table 10
Not in the Labor Force, Taking Care of House or Family, 2019 vs. 2020
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4 CONSUMPTION
Besides having an impact on employment, the mandated halt of non-essential activities to con-

tain the virus can also be expected to alter the consumption patterns of households. Blundell et al. 
(2020) argue that for households that spend a higher share of their total expenditures on goods and 
services in sectors that have been affected by lockdowns (e.g., leisure and hospitality—spending on 
holidays, hotels, restaurants, and personal care) but do not face severe reductions in their income 
are expected to save some money during the pandemic automatically. In this regard, Baker et al. 
(2020) find a significant decrease in spending on air travel, restaurants, and public transportation 
as well as a substantial increase in grocery and food delivery spending as states issued stay-at-home 
orders. Thus, we can expect these households to be more likely to spend additional income differ-
ently than households more adversely affected by the pandemic in terms of income losses and the 
need to devote a higher share of expenditures to necessities. The information available in the Pulse 
is conducive to investigating differences in household experiences with food insufficiency during 
the pandemic and the use of stimulus payments granted under the Coronavirus Aid, Relief, and 
Economic Security Act.

A. Education B. Income quintile C. Race

D. Marital status E. Gender F. Number of children

Figure 7
Sometimes or Often Did Not Have Enough To Eat in the Past Seven Days (Household Level)

NOTE: Equally weighted five-survey-week moving averages are presented. 
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4.1 Food Insufficiency

Across the 36 weeks of the pandemic covered in the Pulse, 10 percent of households reported 
that sometimes or often they did not have enough to eat during the week before the survey.11 Never-
theless, this finding masks the substantial gaps presented in Figure 7 with respect to respondents’ 
education, race, marital status, household income, and number of children in the household. 
Table 11 presents the results from implementing an LPM on household incidences of food insuffi-
ciency during the pandemic. 

(1) (2) (3) (4) (5) (6) (7) (8)
�(Black) 0.117∗∗∗ 0.074∗∗∗ 0.102∗∗∗ 0.072∗∗∗ 0.060∗∗∗ 0.060∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
�(Hispanic) 0.103∗∗∗ 0.062∗∗∗ 0.070∗∗∗ 0.049∗∗∗ 0.034∗∗∗ 0.035∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Other race) –0.012∗∗∗ –0.008∗∗∗ 0.002 –0.002 –0.010∗∗∗ –0.010∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
�(Bottom quintile) 0.275∗∗∗ 0.255∗∗∗ 0.219∗∗∗ 0.202∗∗∗ 0.196∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004)
�(Second quintile) 0.148∗∗∗ 0.132∗∗∗ 0.105∗∗∗ 0.097∗∗∗ 0.092∗∗∗

(0.002) (0.002) (0.002) (0.003) (0.003)
�(Third quintile) 0.075∗∗∗ 0.065∗∗∗ 0.046∗∗∗ 0.044∗∗∗ 0.041∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Fourth quintile) 0.023∗∗∗ 0.018∗∗∗ 0.009∗∗∗ 0.009∗∗∗ 0.008∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
�(Less than high school diploma) 0.230∗∗∗ 0.204∗∗∗ 0.120∗∗∗ 0.101∗∗∗ 0.096∗∗∗

(0.007) (0.007) (0.007) (0.007) (0.007)
�(High school graduate) 0.113∗∗∗ 0.103∗∗∗ 0.050∗∗∗ 0.043∗∗∗ 0.038∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Some college) 0.077∗∗∗ 0.069∗∗∗ 0.036∗∗∗ 0.029∗∗∗ 0.026∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.001)
Household size 0.011∗∗∗ 0.011∗∗∗

(0.001) (0.001)
Number of children 0.016∗∗∗ 0.016∗∗∗

(0.001) (0.001)
�(Employed) –0.030∗∗∗ –0.027∗∗∗

(0.002) (0.002)
�(Female respondent) –0.009∗∗∗ –0.008∗∗∗

(0.002) (0.002)
�(Married respondent) –0.031∗∗∗ –0.032∗∗∗

(0.002) (0.002)
State average mobility, retail –0.058 –0.057

(0.076) (0.076)
State average mobility, transit 0.092 0.090

(0.069) (0.069)
State average mobility, grocery –0.084 –0.083

(0.070) (0.070)
State average mobility, workplaces 0.026 0.025

(0.060) (0.060)
State average mobility, residential –0.016 –0.018

(0.069) (0.069)
State average number of new cases 0.002 0.002

(0.008) (0.008)
�(Switch to telework) –0.015∗∗∗

(0.002)
Constant 0.093∗∗∗ 0.013∗ 0.046∗∗∗ 0.005 0.028∗∗∗ –0.010 –0.008 –0.001

(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.010) (0.010)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
N 833,043 833,043 833,043 833,043 833,043 833,043 833,043 833,043

Table 11
Household Probability of Experiencing Food Insufficiency During the Pandemic 
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With respect to education, while around 25 percent of households where the respondent is a 
high school dropout reported not having enough to eat during the COVID-19 crisis, less than 4 
percent of households where the respondent is a college graduate did. That is, the former households 
are more than six times more likely to have faced food insufficiency during the pandemic than the 
latter. A considerably wider gap is observed in terms of household income: Households in the bottom 
quintile of the income distribution were more than 20 times more likely not to have enough to eat 
than households in the top quintile. There is also a racial gap between White respondents’ and non- 
White respondents’ households, with the gap slightly wider for Black respondents’ households than 
Hispanic respondents’ households. Nonetheless, both Black and Hispanic respondents’ households 
were more than twice as likely to experiencing food insufficiency during the pandemic than White 
respondents’ households. 

Figure 8 shows how the incidence of food insufficiency has changed between 2018 and 2020. 
As in Ziliak (2020), we use pre-pandemic data from the December Food Security Supplement of 

A. Education B. Income quintile

C. Race D. Number of children

Figure 8
Sometimes or Often Did Not Have Enough To Eat (December 2018, December 2019, and 
December 2020)

NOTE: The first bar corresponds to the fraction of households reporting food insufficiency in December 2018, and the second 
bar to the fraction of households reporting food insufficiency in December 2019, both from the CPS. The third bar corresponds 
to the average across the 2 weeks of the Pulse collected in December 2020. 
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the CPS corresponding to 2018 and 2019, which asks respondents questions related to food security 
that can be used in a similar way as the questions asked in the Pulse survey. Ziliak (2020) provides 
a detailed comparison between the CPS and Pulse data, showing that the relevant socioeconomic 
characteristics align relatively well between the two. Table 8 presents the results from a linear 
regression on the incidence of food insufficiency over pooled data obtained from the CPS and the 
December week of the Pulse survey. We find that households of non-White respondents and house-
holds of respondents without a bachelor’s degree and in the lower quintiles of the income distribu-
tion were more adversely impacted by food insufficiency during the pandemic compared with their 
observed incidence of food insufficiency before the onset of the pandemic. 

4.2 Sources of Spending Income

As households become vulnerable to declines in employment income during the pandemic, 
Blundell et al. (2020) have emphasized the role of safety nets to help mitigate the shocks experi-
enced by households, arguing that safety nets have been crucial policy levers used in the United 
Kingdom in response to the pandemic. In the case of the United States, Moffitt and Ziliak (2020) 
and Bitler, Hoynes, and Schanzenbach (2020) provide an overview of the types of social assistance 
programs that constitute the U.S. safety net, highlighting the role of UI and the Supplemental 

A. Education B. Income quintile C. Race

D. Marital status E. Gender F. Number of children

Figure 9
Income Sources Used for Spending

NOTE: Averages across weeks are reported. Respondents are allowed to list multiple income sources, so spending source categories are not  
mutually exclusive. 
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Nutrition Assistance Program (SNAP) as primary stabilizers for income losses incurred by house-
holds during economic downturns. The Pulse data allow investigation of the different sources of 
household spending income. Figure 9 shows the shares of households by socio-demographic groups 
that rely on regular (pre-pandemic) income, credit cards, borrowing from family and friends, UI 
benefits, stimulus payments, and savings to meet their expenses during the pandemic. 

Households with a higher incidence of earnings losses during the pandemic relied less on reg-
ular income and more on borrowing from family and friends, UI benefits, and stimulus payments 
for spending than households with a lower incidence of earnings losses. It is noticeable that the use 
of regular pre-pandemic income decreases with household income. Nonetheless, the way house-
holds adjust to the loss of regular income varies from the top of the distribution to the bottom. 
While the reliance on credit cards and savings seems to be prevalent among households in the 
lower four quintiles, households in the bottom quintile seem to rely on borrowing from family 
and friends and on stimulus payments to a greater extent than households in the third and fourth 
quintiles. This finding suggests that for low-income households, their immediate family and friend 
served as a buffer for reductions in pre-pandemic income sources.

4.2.1 Use of Social Insurance Programs

Given the emphasis on social insurance programs like UI and the socio-demographic groups 
of households reporting a higher share of employment income losses, it could have been expected 
that these groups would exhibit a higher reliance on UI benefits than their better-off counterparts. 
However, the gaps are quite narrow, especially among education groups without a bachelor’s 
degree and among households in the bottom three quintiles of the income distribution. This finding 
is consistent with the criticism by Moffitt and Ziliak (2020) and Bitler, Hoynes, and Schanzenbach 
(2020) that social insurance programs in the United States have not been successful in responding 
to unmet household needs, as evidenced by the relatively high incidence of food insufficiency among 
households in more disadvantaged socio-demographic groups due to delays, coverage gaps, and 
the magnitude of the benefits, mainly related to UI. To investigate the authors’ claim, we check 
for differential patterns in individuals’ decisions to apply for and, ultimately, in the receipt of UI 
benefits, for which the Pulse has data since the start of Phase 2.

A. Education B. Income quintile C. Race D. Number of children

Figure 10
Respondent Has Applied for Unemployment Insurance Since March 13, 2020

NOTE: Averages across all available weeks are reported. 
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Applying for Unemployment Insurance. The four panels of Figure 10 show differences with 
respect to respondents’ education, race, household income, and number of children in the house-
hold in their decision to apply for UI. Table 12 presents the LPM results to assess the robustness of 
these differences to additional individual and household characteristics.

Overall, we find that (i) non-White respondents were significantly more likely than their White 
counterparts to apply for UI during the pandemic, (ii) respondents without a bachelor’s degree 
were significantly more likely to apply for UI during the pandemic than those with a bachelor’s 
degree, and (iii) the probability of applying for UI during the pandemic monotonically decreases 
with household income. Furthermore, we find that the number of children in the household also 

(1) (2) (3) (4) (5) (6) (7) (8)
�(Black) 0.099∗∗∗ 0.071∗∗∗ 0.088∗∗∗ 0.070∗∗∗ 0.057∗∗∗ 0.058∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
�(Hispanic) 0.076∗∗∗ 0.047∗∗∗ 0.057∗∗∗ 0.043∗∗∗ 0.028∗∗∗ 0.029∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
�(Other race) 0.008∗ 0.014∗∗∗ 0.027∗∗∗ 0.025∗∗∗ 0.017∗∗∗ 0.018∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
�(Bottom quintile) 0.183∗∗∗ 0.167∗∗∗ 0.135∗∗∗ 0.117∗∗∗ 0.101∗∗∗

(0.004) (0.004) (0.004) (0.005) (0.005)
�(Second quintile) 0.163∗∗∗ 0.151∗∗∗ 0.121∗∗∗ 0.111∗∗∗ 0.098∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.004)
�(Third quintile) 0.120∗∗∗ 0.113∗∗∗ 0.089∗∗∗ 0.086∗∗∗ 0.076∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Fourth quintile) 0.072∗∗∗ 0.068∗∗∗ 0.054∗∗∗ 0.054∗∗∗ 0.049∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
�(Less than high school diploma) 0.120∗∗∗ 0.100∗∗∗ 0.050∗∗∗ 0.039∗∗∗ 0.027∗∗∗

(0.007) (0.007) (0.007) (0.007) (0.007)
�(High school graduate) 0.106∗∗∗ 0.098∗∗∗ 0.059∗∗∗ 0.057∗∗∗ 0.046∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)
�(Some college) 0.106∗∗∗ 0.100∗∗∗ 0.073∗∗∗ 0.068∗∗∗ 0.061∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)
Household size 0.010∗∗∗ 0.011∗∗∗

(0.001) (0.001)
Number of children 0.012∗∗∗ 0.011∗∗∗

(0.002) (0.002)
�(Female respondent) -0.007∗∗∗ -0.007∗∗∗

(0.002) (0.002)
�(Married respondent) -0.048∗∗∗ -0.050∗∗∗

(0.002) (0.002)
State average mobility, retail 0.039 0.036

(0.099) (0.099)
State average mobility, transit -0.186∗∗ -0.190∗∗

(0.089) (0.089)
State average mobility, grocery -0.007 -0.005

(0.086) (0.086)
State average mobility, workplaces -0.051 -0.053

(0.074) (0.074)
State average mobility, residential -0.026 -0.031

(0.086) (0.086)
State average number of new cases, state -0.006 -0.006

(0.011) (0.011)
�(Switch to telework) -0.037∗∗∗

(0.002)
Constant 0.141∗∗∗ 0.047∗∗∗ 0.088∗∗∗ 0.038∗∗∗ 0.072∗∗∗ 0.014∗ 0.036∗∗∗ 0.060∗∗∗

(0.007) (0.008) (0.007) (0.007) (0.007) (0.007) (0.012) (0.012)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
N 833,958 833,958 833,958 833,958 833,958 833,958 833,958 833,958

Table 12
Applied for Unemployment Insurance Benefits



Flores and Gayle Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

254

increases the probability of applying for UI, but that having at least one adult in the household 
who switched to remote work during the pandemic reduces it.
Receipt of Unemployment Insurance. The four panels in Figure 11 present differences with respect 
to respondents’ education, race, household income, and number of children in the household in the 
receipt of UI conditional on applying for these benefits. It is noticeable that the gradients observed 
do not align with the ones observed in Figure 10 and are instead reversed. Table 13 presents the 
LPM results to assess the robustness of these differences to additional individual and household 
characteristics.

Contrary to what we find for the decision to apply for UI, we find that (i) non-White respon-
dents were significantly less likely than their White counterparts to report receiving UI benefits 
during the pandemic conditional on applying for UI, (ii) only respondents with some college were 
less likely than those with a bachelor’s degree to receive UI benefits during the pandemic conditional 
on applying for it, and (iii) the probability of receiving UI conditional on applying for it during the 
pandemic monotonically increases with household income.

4.2.2 Use of the Economic Impact Payment

As mentioned, Blundell et al. (2020) argue that the pandemic is expected to alter household 
consumption patterns disparately. To assess this claim within the context of the United States, we 
use Pulse data to investigate the differences in spending among households reporting at least one 
household member receiving a stimulus check. Figure 12 shows the shares of households reporting 
the receipt of a stimulus check by socio-demographic groups that use this transfer for (i) food pur-
chases, (ii) other purchases, (iii) housing and utilities, (iv) debt repayment, (v) charitable donations, 
and (vi) savings. 

Overall, we find that socio-demographic groups with a higher share of households experiencing 
employment income losses during the pandemic also display a higher percentage of households 
using the stimulus payment to cover food expenditures and utilities than socio-demographic with 
a lower share of households experiencing employment income losses. These gaps are also evident 
in the share of households saving the additional income, as savings increases monotonically with 

A. Education B. Income quintile C. Race D. Number of children

Figure 11
Respondent Has Received Unemployment Insurance Benefits Conditional on Applying for Unemployment 
Insurance Since March 13, 2020

NOTE: Averages across all available weeks are reported. 
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household income and respondents’ education and is higher for White respondents’ households 
than for their non-White counterparts. This finding is consistent with the patterns observed in the 
previous subsection, suggesting that the share of households relying on the stimulus payment as a 
spending income source was higher for those groups more adversely affected by the pandemic in 
terms of earnings and job security. A similar pattern is observed with respect to education and 
between White respondents’ households and non-White respondents’ households.

(1) (2) (3) (4) (5) (6) (7) (8)
�(Black) -0.060∗∗∗ –0.041∗∗∗ –0.057∗∗∗ –0.034∗∗∗ –0.032∗∗∗ –0.032∗∗∗

(0.008) (0.009) (0.008) (0.008) (0.009) (0.009)
�(Hispanic) –0.047∗∗∗ –0.035∗∗∗ –0.039∗∗∗ –0.031∗∗∗ –0.020∗∗ –0.020∗∗

(0.008) (0.008) (0.008) (0.007) (0.008) (0.008)
�(Other race) 0.002 0.005 0.003 0.010 0.014 0.013

(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)
�(Bottom quintile) –0.104∗∗∗ –0.092∗∗∗ –0.087∗∗∗ –0.082∗∗∗ –0.089∗∗∗

(0.010) (0.010) (0.010) (0.011) (0.012)
�(Second quintile) –0.029∗∗∗ –0.020∗∗ –0.020∗∗ –0.017∗ –0.023∗∗

(0.009) (0.009) (0.009) (0.010) (0.010)
�(Third quintile) –0.001 0.005 0.004 0.003 –0.002

(0.009) (0.009) (0.009) (0.009) (0.010)
�(Fourth quintile) 0.012 0.014∗ 0.014∗ 0.011 0.008

(0.008) (0.008) (0.008) (0.008) (0.009)
�(Less than high school diploma) –0.069∗∗∗ –0.055∗∗∗ –0.026∗∗ –0.017 –0.022

(0.014) (0.014) (0.013) (0.014) (0.014)
�(High school graduate) –0.020∗∗∗ –0.013∗∗ 0.002 0.007 0.002

(0.006) (0.006) (0.006) (0.006) (0.006)
�(Some college) –0.007∗ –0.002 0.007 0.012∗∗∗ 0.009∗

(0.004) (0.004) (0.004) (0.004) (0.005)
Household size –0.013∗∗∗ –0.013∗∗∗

(0.003) (0.003)
Number of children 0.002 0.001

(0.004) (0.004)
�(Female respondent) 0.008 0.008

(0.005) (0.005)
�(Married respondent) 0.032∗∗∗ 0.032∗∗∗

(0.006) (0.006)
State average mobility, retail 0.299 0.299

(0.231) (0.231)
State average mobility, transit 0.071 0.067

(0.211) (0.211)
State average mobility, grocery 0.072 0.076

(0.215) (0.215)
State average mobility, workplaces –0.397∗∗ –0.398∗∗

(0.160) (0.160)
State average mobility, residential 0.031 0.029

(0.211) (0.211)
State average number of new cases –0.016 –0.016

(0.027) (0.027)
�(Switch to telework) –0.018∗∗∗

(0.005)
Constant 0.654∗∗∗ 0.669∗∗∗ 0.648∗∗∗ 0.676∗∗∗ 0.663∗∗∗ 0.674∗∗∗ 0.704∗∗∗ 0.715∗∗∗

(0.023) (0.025) (0.024) (0.025) (0.024) (0.024) (0.034) (0.034)
Survey week fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
N 135,917 135,917 135,917 135,917 135,917 147,336 135,917 135,917

Table 13
Receipt of Unemployment Insurance Benefits, Conditional on Applying for UI
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5 CONCLUSION
Throughout the analysis in this article, we assess how the unequal impact of the COVID-19 

pandemic on employment relates to similar disparities in household consumption, especially relative 
to food insecurity and income buffers. Using data from the Pulse survey, supplemented with data 
from the CPS and state-level information on average mobility and COVID-19 cases, we present 
evidence of comparable unequal impacts of the pandemic on households relative to the need to 
provide childcare after schools and daycare closed, food insecurity, and reliance on social insurance 
programs and other forms of government assistance to compensate for the losses in regular income 
sources. 

Focusing on employment, we find that the incidences of employment income losses tend to be 
concentrated among households in the bottom quintiles of the income distribution and households 
of non-White respondents without a bachelor’s degree. These gradients reflect disparities in the 
observed impact of non-employment due to business responses to the pandemic, sickness associ-
ated with the virus, and the increased demand for childcare at home generated by the containment 
measures set in place in the early stage of the COVID-19 crisis. Furthermore, we find that the gaps 
observed in employment are related to individuals’ ability to work from home during the pandemic, 
which display similar differences across socio-demographic groups. Besides differences in workers’ 

A. Education B. Income quintile C. Race

D. Marital Status E. Gender F. Number of children

Figure 12
How Was the Economic Impact Payment Spent?

NOTE: Averages across weeks are reported. Information on the spending use made of the stimulus payment was collected only during weeks 7-12 
of the Pulse. Other purchases include clothing, recreational goods, household items (for example, appliances), household supplies, and personal 
care items. Debt repayment includes payments towards credit card balances, student loans, and other loans. 
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ability to switch to telework during the crisis, we find that differences in the impact of the pandemic 
on employment can be partly attributed to the relatively high incidence of non-employment related 
to sickness associated with COVID-19 among non-White respondents. This finding, in turn, reflects 
the documented unequal spread of the virus across racial groups.

In terms of consumption, we find similar disparities in the incidents of food insufficiency. 
Specifically, we observe that households of Blacks and Hispanics and households of respondents 
without a bachelor’s degree and in the lower quintiles of the income distribution were significantly 
more likely to report not having enough to eat during the pandemic. Similarly, we find that these 
socio-demographic groups relied significantly more on borrowing from family and friends and 
the EIP, which is consistent with the disparities observed in the incidence of employment income 
losses. Furthermore, despite similar differences in the demand for UI benefits, we find that these 
do not necessarily translate to disparities in the receipt of UI, thereby limiting the extent to which 
similar disparities in household reliance on UI serve as a buffer for the losses incurred in employ-
ment income during the pandemic. 

Overall, we find that socio-demographic groups with a higher share of households experiencing 
employment income losses during the pandemic also displayed a higher incidence of food insecu-
rity and relied more heavily on alternative income sources to meet spending needs during the pan-
demic. Thus, the provision of adequate financial assistance for groups more adversely impacted by 
earnings losses during the pandemic is of particular importance because the pervasive disparities 
in employment have translated into disparities in household access to alternative income sources 
to mitigate the brunt of the pandemic shock. Ultimately, the lack of such a buffer has increased the 
propensity for households to experience food insecurity during the pandemic. ■
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APPENDIX: SUPPLEMENTAL GRAPHS

A. Overall B. By Census Bureau region

C. By race D. By income

D. By education

Figure A1
Changes in Retail Mobility Relative to January 3–February 6, 2020

NOTE: Each day’s baseline is the median day-value during the five-week period spanning January 3, 2020–February 6, 2020. 
The mobility index has been changed to a 100-based scale, so that the reference period used by Google assumes a value of 
100 as in Bargain and Aminjonov (2020). Thus, mobility values lower than 100 imply decreases in a particular type of mobility 
relative to the reference period. The 30-day moving average pinpoints the day COVID-19 was officially declared a national emer-
gency in the United States: March 13, 2020. HH, households; LHS, less than a high school diploma; HS, high school graduate.

SOURCE: Google Mobility Reports. 
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A. Overall B. By Census Bureau region

C. By race D. By income

D. By education

Figure A2
Changes in Grocery Store Mobility Relative to January 3–February 6, 2020

NOTE: Each day’s baseline is the median day-value during the five-week period spanning January 3, 2020–February 6, 2020. 
The mobility index has been changed to a 100-based scale, so that the reference period used by Google assumes a value of 
100 as in Bargain and Aminjonov (2020). Thus, mobility values lower than 100 imply decreases in a particular type of mobility 
relative to the reference period. The 30-day moving average pinpoints the day COVID-19 was officially declared a national emer-
gency in the United States: March 13, 2020. HH, households; LHS, less than a high school diploma; HS, high school graduate.

SOURCE: Google Mobility Reports. 
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A. Overall B. By Census Bureau region

C. By race D. By income

D. By education

Figure A3
Changes in Parks Mobility Relative to January 3–February 6, 2020

NOTE: Each day’s baseline is the median day-value during the five-week period spanning January 3, 2020–February 6, 2020. The 
mobility index has been changed to a 100-based scale, so that the reference period used by Google assumes a value of 100 as 
in Bargain and Aminjonov (2020). Thus, mobility values lower than 100 imply decreases in a particular type of mobility rela-
tive to the reference period. The 30-day moving average pinpoints the day COVID-19 was officially declared a national emer-
gency in the United States: March 13, 2020. HH, households; LHS, less than a high school diploma; HS, high school graduate.

SOURCE: Google Mobility Reports. 
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A. Overall B. By Census Bureau region

C. By race D. By income

D. By education

Figure A4
Changes in Transit Station Mobility Relative to January 3–February 6, 2020

NOTE: Each day’s baseline is the median day-value during the five-week period spanning January 3, 2020–February 6, 2020. 
The mobility index has been changed to a 100-based scale, so that the reference period used by Google assumes a value of 
100 as in Bargain and Aminjonov (2020). Thus, mobility values lower than 100 imply decreases in a particular type of mobility 
relative to the reference period The 30-day moving average pinpoints the day COVID-19 was officially declared a national emer-
gency in the United States: March 13, 2020. HH, households; LHS, less than a high school diploma; HS, high school graduate.

SOURCE: Google Mobility Reports. 



Flores and Gayle Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

262

A. Overall B. By Census Bureau region

C. By race D. By income

D. By education

Figure A5
Changes in Workplace Mobility Relative to January 3–February 6, 2020

NOTE: Each day’s baseline is the median day-value during the five-week period spanning January 3, 2020–February 6, 2020. 
The mobility index has been changed to a 100-based scale, so that the reference period used by Google assumes a value of 
100 as in Bargain and Aminjonov (2020). Thus, mobility values lower than 100 imply decreases in a particular type of mobility 
relative to the reference period. The 30-day moving average pinpoints the day COVID-19 was officially declared a national emer-
gency in the United States: March 13, 2020. HH, households; LHS, less than a high school diploma; HS, high school graduate.

SOURCE: Google Mobility Reports. 



Flores and Gayle Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

263

A. Overall B. By Census Bureau region

C. By race D. By income

D. By education

Figure A6
Changes in Residential Area Mobility Relative to January 3–February 6, 2020

NOTE: Each day’s baseline is the median day-value during the five-week period spanning January 3–February 6, 2020. The 
mobility index has been changed to a 100-based scale, so that the reference period used by Google assumes a value of 100 as 
in Bargain and Aminjonov (2020). Thus, mobility values lower than 100 imply decreases in a particular type of mobility rela-
tive to the reference period. The 30-day moving average pinpoints the day COVID-19 was officially declared a national emer-
gency in the United States: March 13, 2020. HH, households; LHS, less than a high school diploma; HS, high school graduate.

SOURCE: Google Mobility Reports. 
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NOTES
1 An overview of the existing evidence on the effect of COVID-19 on employment can be found in Adams-Prassl et al. (2020), 

Alon et al. (2020), Angelucci et al. (2020), Montenovo et al. (2020), Mongey, Pilossoph, and Weinberg (2020), and Wozniak 
(2020).

2 As will be discussed in further detail in Section 2, we use a mix of household-level and individual-level information pro-
vided in the survey. Therefore, when focusing on outcomes reported at the household level, the socio-demographic 
characteristics of interest are related to those of the respondents who completed the survey.

3 The public-use files can be retrieved from html https://www.census.gov/programs-surveys/household-pulse-survey/
datasets.html.

4 Phase 1 was collected between April 23, 2020, and July 21, 2020; Phase 2 between August 19, 2020, and October 26, 2020; 
and Phase 3 between October 28, 2020, and March 29, 2021. The project was expanded to continue collecting data 
throughout 2021 and 2022 in Phases 3.1-3.4, thus expected to extend until May 9, 2022.

5 For the analysis of consumption, the use of transaction data is common. Baker et al. (2020) use transaction-level data 
from a nonprofit company called SaverLife spanning from August 2016 to March 2020.

6 https://www.census.gov/programs-surveys/household-pulse-survey/technical-documentation.

7 In the Pulse, family income is reported in a discrete way such that it is binned as follows: (i) less than $25,000; (ii) $25,000-
$34,999; (iii) $35,000-$49,999; (iv) $50,000-$74,499; (v) $75,000-$99,999; (vi) $100,000-$149,999; (vii) $150,000-$199,999; 
and (viii) $200,000 and above. Following the mean quintile household income reported in Donovan, Labonte, and Dalaker 
(2016), we group the bins included in the Pulse in the following way: The bottom quintile includes income lower than 
$25,000 so that the mean quintile household income is $15,286; the second quintile includes the income brackets $25,000-
$34,99 and $35,000-$49,999 so that mean quintile household income is $40,652; the third quintile includes the income 
brackets $50,000-$74,499 so that mean quintile household income is $68,938; the fourth quintile includes the income 
brackets $75,000-$99,999 and $100,000-$149,999 so that the mean quintile income is $111,112; and the fifth quintile 
includes the income brackets $150,000-$199,999 and $200,000 and above so that mean quintile income is $254,449.

8 Based on the analysis of Blau, Koebe, and Meyerhofer (2020), 194 out of 287 industry categories in the North American 
Industry Classification System (NAICS) can be categorized as essential.

9 https://www.ajmc.com/view/a-timeline-of-covid19-developments-in-2020.

10 Boca et al. (2020) present contrasting evidence for Italy. They find that while both mothers and fathers were spending 
more time in childcare during the start of the pandemic in Italy, mothers faced most of the burden. Nonetheless, mothers 
were not significantly more likely to stop working during the pandemic, because they were more likely to have kept 
their jobs by working from home.

11 Note that this definition of food insufficiency is the more restrictive version of the one used in Ziliak (2020), who also 
uses the Pulse data to examine food hardship during the pandemic.
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Financial Market Reactions to the  
Russian Invasion of Ukraine

Christopher J. Neely

1 INTRODUCTION
The February 2022 Russian invasion of Ukraine whipsawed the global economy in the midst 

of its recovery from the unprecedented COVID-19 pandemic. In response, international organiza-
tions, countries, and many private firms restricted trade and financial transactions with the Russian 
economy. Both Russia and Ukraine are important commodity exporters, so the disruptions from 
the conflict and the sanctions and countersanctions have roiled commodity markets, particularly 
oil, but also palladium and wheat, as well as other financial markets. This article examines the impact 
of the war on financial markets. 

This article focuses on the first few weeks of the war because asset price changes indicate that 
financial market expectations about the length and economic repercussions of the war changed 
substantially during this time. Such changes in expectations were consistent across several asset 
classes: equity, foreign exchange, and commodities. 

The financial market reactions to the war are important because financial markets provide a 
useful lens through which to understand how the war, the sanctions, and countersanctions have 
affected the cost of living and real activity around the world. For example, the global price of oil rose 
by about 35 percent from February 21, 2022, to March 8, 2022, which translated into a 20 percent 

This article analyzes financial market reactions to the Russia-Ukraine war with a focus on the opening weeks. 
Markets did not completely anticipate the war, and asset price reactions strengthened from the first week—
when there were hopes for a quick resolution—to the second week, when prices generally peaked and began 
to partially revert to prewar values. Exposure to commodity trade and trade with Russia and Ukraine 
determined market perceptions of the riskiness of equity and foreign exchange assets. Credit default swap 
prices on sovereign debt and breakeven inflation rates indicate that markets saw the war as a measurable 
fiscal risk even for nonbelligerents. (JEL Q02, F51, G15, G32, H56)

Federal Reserve Bank of St. Louis Review, Fourth Quarter 2022, 104(4), pp. 266-96. 
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increase in U.S. gasoline prices from February to March. Sharp increases in the price of oil have 
preceded 10 of the past 11 recessions, where the COVID-19 recession was the exception (Hamilton, 
1996, 2011). 

More generally, an informal analysis of the asset price patterns illustrates how geography and 
trade patterns determined relative risk and returns within asset classes. For example, currencies of 
commodity-exporting countries strengthened relative to other currencies. Unsurprisingly, stocks 
from commodity-producing industries, such as oil companies, tended to outperform the market, 
while stocks of firms that buy commodities as intermediate inputs tended to underperform the 
market. More surprisingly, this article illustrates that the war probably substantially increased 
market perceptions of fiscal risks for G7 countries, as measured by credit default swaps (CDSs) on 
sovereign bonds and breakeven inflation expectations. 

As the war began only months before this article was finalized, there is little previous literature 
to discuss, although this article will tie in with contemporaneous research when appropriate. Three 
early and wide-ranging studies of the impact of the war have been those of the International Monetary 
Fund (2022a,b) and the World Bank (2022). Neely (2022) looks at oil price hikes from the war and 
their relation to U.S. gasoline prices. Neely and Jordan-Wood (2022) describe the sensitivity and 
returns of individual U.S. stocks to the price of a basket of commodities.

This article focuses on drawing informal inference from financial market reactions to the war, 
with only limited discussion of the macroeconomic effects. The article does not specifically exam-
ine the tremendous human toll that the war has taken on the people of the region or the suffering 
that high food prices will impose on people in poor, grain-importing countries. While this article 
briefly reviews military developments, it does not consider such events in depth or for their own 
sake. 

Section 2 briefly outlines military developments through mid-August 2022. Section 3 reviews 
the ways that this war and sanctions can affect financial markets and economic activity, while 
Section 4 describes and interprets the reactions of financial markets to events and changes in expec-
tations. The final section suggests lessons to be drawn.

2 A TIMELINE OF THE WAR
Russia’s February 2022 invasion continued 2014 military operations in Ukraine during which 

Russia deployed troops to Crimea to annex it and Russian-backed separatists in Donetsk and 
Luhansk seized government buildings and declared themselves independent. These Russian-backed 
separatists have continued to clash with the Ukrainian military since 2014. 

In response to this 2014 annexation, the West sanctioned Crimean land and production, black-
listing 11 Putin allies and a number of state-owned enterprises and embargoing military exports to 
Russia (Christie, 2015). This Western response was generally seen as weak. Current Ukrainian 
President Volodymyr Zelenskyy campaigned in 2019 on a promise to end the hostilities in the 
Donbas region. 

The first hints of the February 2022 invasion became public in late October 2021, as news ser-
vices published reports from Western intelligence agencies of unusual Russian troop movements 
near Ukraine (Dixon, Sonne, and Stern, 2021). Table 1 shows a timeline of major events in the war 
through mid-August 2022, with a focus on economically important news. In response to the Russian 
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preparations for war, the United States evacuated the families of U.S. embassy staff in Kyiv on 
January 23, 2022. On February 12, 2022, the United States evacuated most of the embassy staff and 
sent 3,000 combat troops to Poland (Lee, 2022). 

On February 21, 2022, Russian President Putin ordered troops into separatist regions of Ukraine 
and recognized the so-called Donetsk and Luhansk People’s Republics (Troianovski, 2022). The 
following day, President Biden announced that the Russian invasion had begun (Liptak, 2022), 
and the United States, the European Union (EU), Japan, the United Kingdom, Canada, Australia, 
and other countries sanctioned Russia (Riley, 2022). On February 23, 2022, President Putin formally 
announced “special military operations” in eastern Ukraine, which he said were in response to 
appeals for assistance from the separatist regions (Simmons, 2022).

Although President Putin initially described the purpose of the “special military operation” as 
demilitarization of Ukraine and denied wanting to occupy the country, on February 24, Russian 
armed forces launched a full-scale invasion of Ukraine along four axes of attack, including a major 
thrust toward the capitol of Kyiv, which included an ultimately unsuccessful air assault on Antonov 
Airport, just outside Kyiv (Marson, 2022). In response, Ukrainian President Volodymyr Zelenskyy 
mobilized his country’s armed forces and banned all males 18 to 60 years of age from leaving the 
country (Snodgrass, 2022). 

The full-scale invasion provoked strong sanctions that began to cut the Russian financial system 
off from the rest of the world. On February 26, the United States and EU began procedures to pro-
hibit some Russian banks from using the Society for Worldwide Interbank Financial Telecom-
munication (SWIFT) system. This move would come to fruition on March 2, 2022 (Blenkinsop, 
2022).1 SWIFT had previously refused U.K. demands to deny Russia use of SWIFT, to sanction 
Russia for its 2014 invasion of Crimea (Hutton and Wishart, 2014). On February 28, the United 
States, Canada, and EU froze access to Russian foreign exchange reserves held in their financial 
institutions. Those reserves totaled nearly $640 billion in early February 2022 (Lederman and  
Da Silva, 2022; Reuters, 2022b). Also on February 28, the United States and United Kingdom pro-
hibited their firms and citizens from transacting with the Russian Central Bank (RCB), Russia’s 
National Wealth Fund, or the Russian finance ministry (Rappeport, 2022; Psaledakis, Shalal, and 
Holland, 2022). 

After approximately three weeks of stalemate in northern Ukraine, on March 20, 2022, the 
Russians began to shift units from the north to attacks in the east and south (Gordon and Leary, 
2022). The April 14 Ukrainian sinking of the flagship of Russia’s Black Sea fleet, the cruiser Moskva, 
probably prevented a potential Russian amphibious assault on the southern coast, near Odessa 
(Lamothe et al., 2022). 

This shift of Russian units to the east took almost four weeks but was largely completed by 
April 18, 2022, when Russia began a new major offensive in the east. Since that time, the Russians 
have made slow progress. Russian forces captured Mariupol’s Azovstal steel plant after a months-
long battle on May 20 (Epstein, 2022), then entered the center of Sievierodonetsk, one of the last 
Ukrainian strongholds in the eastern Donbas region on May 31, capturing the rest of Sievierodonetsk 
by June 25 and the nearby high ground of Lysychansk on July 3 (Kottasová et al., 2022). The liberal 
use of the great Russia superiority in artillery aided these Russian offensives in the east. 

After months of offensive operations in the east, on July 4, 2022, the Russian Ministry of Defense 
ordered a pause in major military operations. Offensive operations resumed July 16, 2022. 
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Table 1
Timeline of Events

Date Description

Saturday, October 30, 2021 Reports of unusual Russian troop movements near Ukraine become public.

Sunday, January 23, 2022 The U.S. government evacuates families of U.S. embassy staff in Kyiv.

Saturday, February 12, 2022 The U.S. government evacuates most U.S. embassy staff in Ukraine and sends troops to Poland.

Monday, February 21, 2022 Russian President Putin orders troops to enter separatist regions of Ukraine and recognizes the 
so-called Donetsk and Luhansk People’s Republics.

Tuesday, February 22, 2022 President Biden announces that Russia has begun to invade Ukraine and outlines initial economic 
sanctions. 

Wednesday, February 23, 2022 Russian President Putin announces “special military operations” in eastern Ukraine. 

Thursday, February 24, 2022 Russian armed forces launch a full-scale invasion of Ukraine along four axes of attack.

Thursday, February 24, 2022 Ukrainian President Zelenskyy mobilizes his country’s armed forces and bans all military-age 
males from leaving the country.

Thursday, February 24, 2022 The National Bank of Ukraine (NBU) fixes the exchange rate at 29.25 UAH/USD, closes the local 
stock market, and imposes capital controls to reduce capital flight. 

Friday, February 25, 2022 The NBU provides unlimited refinancing loans to the domestic banking system and nationalizes 
Russian-owned banks in Ukraine. 

Saturday, February 26, 2022 The United States and EU move to prohibit some Russian banks from using the SWIFT network. 

Monday, February 28, 2022

Russian authorities close stocks and derivatives trading on the Moscow exchange. The Russian 
Central Bank (RCB) raises its key policy rate from 9.5 percent to 20 percent in response to a 30 
percent plunge in the ruble’s value and orders exporters to start selling 80 percent of their foreign 
exchange revenue to support the ruble.

Monday, February 28, 2022 The United States. and United Kingdom prohibit their firms and citizens from transacting with 
the RCB, Russia’s National Wealth Fund, or the Russian Finance Ministry.

Monday, February 28, 2022 The United States and International Energy Agency announce they would jointly release 60 million 
barrels of oil from strategic reserves.

Tuesday, March 1, 2022 The EU excludes seven Russian banks from SWIFT under sanctions.

Wednesday, March 2, 2022 The RCB lowers reserve requirements for credit institutions.

Tuesday, March 8, 2022 President Biden bans U.S. imports of Russian oil and gas.

Tuesday, March 8, 2022 The U.S. House of Representatives passes a $13.6 billion aid package for Ukraine. 

Wednesday, March 9, 2022 Russian troops advance on Kyiv, threatening encirclement. 

Wednesday, March 9, 2022 The RCB imposes additional capital and foreign exchange controls to support the ruble.

Friday, March 11, 2022 The United States, the EU, Britain, Canada, and Japan jointly revoke Russia’s most favored nation 
status.

Wednesday, March 16, 2022 The Federal Open Market Committee raises the federal funds target range by 25 basis points, citing 
strong employment and “elevated” inflation. 

Sunday, March 20, 2022 Russia withdraws in the north and shifts to attacking in the east and south. 

Monday, March 21, 2022 The RCB reopens the stock markets in a limited fashion. 

Tuesday, March 22, 2022 Russia reduces oil exports though a major Caspian pipeline, reducing the global supply.

Wednesday, March 23, 2022 President Vladimir Putin announces that “unfriendly countries” must pay for natural gas in rubles. 

Thursday, March 24, 2022 Ukraine reports that its forces sank a large Russian landing ship, the Orsk. 

Thursday, March 24, 2022 Canada announces that it will raise oil and gas exports.
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Table 1, cont’d
Timeline of Events

Date Description

Friday, March 25, 2022 The chief of the Main Operational Directorate of the General Staff of Russia’s armed forces states 
that the “main goal” of the war is merely to control the Donbas, not the entire Ukraine. 

Friday, March 25, 2022 The EU and United States agree that the United States will supply the EU with more liquified  
natural gas to reduce dependence on Russia. 

Tuesday, March 29, 2022 Ukrainian forces recapture northern territory, including suburbs of Kyiv, while Russian forces  
continue to advance in the southern port city of Mariupol.

Thursday, March 31, 2022 President Biden announces the release of a million barrels of oil a day from the Strategic 
Petroleum Reserve, for about 180 days.

Thursday, March 31, 2022 Russian negotiators state that its military will “radically” reduce its activity in northern Ukraine, 
after “meaningful” talks in Istanbul.

Saturday, April 2, 2022 The discovery of mass graves and “executed” civilians in Bucha prompts Ukraine and Western 
nations to accuse Russian troops of war crimes.

Wednesday, April 6, 2022 The United States and its allies in the International Energy Agency (IEA) will release an additional 
60 million barrels of oil from strategic reserves, bringing the total released to 240 million barrels. 

Thursday, April 7, 2022 The EU bans Russian coal imports from August as part of new sanctions, but the group remains 
divided over oil and gas sanctions.

Friday, April 8, 2022 Japan bans coal imports from Russia as part of stricter sanctions that included expelling eight 
diplomats.

Friday, April 8, 2022
The RCB reduces its policy rate from 20 percent to 17 percent at an unscheduled meeting,  
consistent with the effectiveness of capital and exchange controls in maintaining the notional 
value of the ruble. 

Sunday, April 10, 2022 The World Bank estimates that the economies of Russia and Ukraine will shrink by 11.2 percent 
and 45 percent, respectively, in 2022. 

Thursday, April 14, 2022 Ukrainian missiles sink Russia’s Black Sea fleet flagship vessel, the cruiser Moskva.

Friday, April 15, 2022 The Biden administration resumes plans for oil and gas development on federal lands, contrary 
to a Biden campaign pledge. 

Monday, April 18, 2022 Russia begins an offensive in eastern Ukraine.

Monday, April 18, 2022 The RCB relaxes exchange controls on domestic banks’ sales to individuals. 

Saturday, April 23, 2022 The Russian government ceases publication of many economic statistics, masking the effects of 
sanctions. 

Wednesday, April 27, 2022 Russia stops natural gas flows to Poland and Bulgaria after the two countries refused to pay in 
rubles, boosting European gas prices. 

Friday, April 29, 2022 The RCB cuts its policy rate from 17 percent to 14 percent. 

Friday, April 29, 2022 The RCB raises reserve requirements. 

Wednesday, May 4, 2022 The Federal Open Market Committee raises the federal funds target range 50 basis points, from 
25-75 basis points to 50-100 basis points, and the interest on reserves to 90 basis points. 

Thursday, May 5, 2022 The EU seeks to remove Sberbank, Russia’s largest lender and a main channel for oil and gas  
payments, from the SWIFT international payment system.

Sunday, May 8, 2022 G7 leaders and Ukrainian President Volodymyr Zelensky meet virtually to discuss Western support 
for Ukraine.

Sunday, May 8, 2022 The G7 commits to end imports of Russian oil and the United States imposes sanctions against 
Gazprombank executives and other businesses.
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Table 1, cont’d
Timeline of Events

Date Description

Friday, May 13, 2022 The G7 foreign ministers vow to isolate Russia economically and politically while supplying 
weapons to Ukraine.

Wednesday, May 18, 2022
Treasury Secretary Janet Yellen warns that the United States would likely prevent Russia from 
paying U.S. bondholders in dollars, which could force Russia into default. The current exemption 
on such dollar payments expires on May 25, 2022.

Friday, May 20, 2022 Russian forces capture the Azovstal steel plant in Mariupol after a months-long battle for the city. 

Friday, May 20, 2022 The NBU eases exchange controls, eliminating the 30+/- 10 percent UAH/USD rate for commer-
cial bank foreign exchange sales. 

Monday, May 23, 2022 The Russian Finance Ministry loosens capital controls and cuts required foreign currency  
conversion by exporters from 80 percent to 50 percent.

Wednesday, May 25, 2022 Russian forces advance into the center of Sievierodonetsk, one of the last Ukrainian strongholds 
in the eastern Donbas region.

Thursday, May 26, 2022 The RCB cuts its policy rate from 14 percent to 11 percent. 

Tuesday, May 30, 2022 EU leaders agree to ban Russian oil imported by sea. 

Tuesday, May 31, 2022 The United Kingdom and EU coordinate a ban on insuring ships carrying Russian oil. 

Wednesday, June 1, 2022 An industry body rules that Russia defaulted on its obligations by missing an interest payment in 
April, triggering $2.2 billion in credit default swaps (CDS). 

Thursday, June 2, 2022 Oil prices fall after reports that Saudi Arabia was prepared to increase oil output.

Friday, June 3, 2022 The EU approves a sixth sanctions package against Russia.

Friday, June 3, 2022 Ukraine’s ambassador to Turkey accuses Russia of “stealing” and exporting Ukrainian grain to 
international markets.

Wednesday, June 8, 2022 The OECD slashes its global growth forecast and predicts a spike in inflation caused by the war in 
Ukraine.

Wednesday, June 8, 2022 The Institute of International Finance (IIF) predicts that Russia’s economy will shrink 15 percent in 
2022 and 3 percent in 2023. 

Thursday, June 9, 2022 Analysts warn of a disappointing EU wheat harvest this year, complicating efforts to make up for 
lost Ukrainian and Russia production.

Friday, June 10, 2022 The RCB reduces its policy rate to 9.5 percent from 11 percent as officials say inflation is slowing.

Saturday, June 11, 2022 The average U.S. price of premium gasoline exceeds $5 a gallon for the first time.

Monday, June 13, 2022 The Energy Minister of Colombia said that his country will increase coal and petroleum production 
in response to the shortfalls created by sanctions against Russia.

Tuesday, June 14, 2022
The U.S. Treasury announces it will continue to allow payments to Russia for energy products 
through December 5, 2022, to give European countries time to prepare for a near-total oil 
embargo.

Wednesday, June 15, 2022 Russia’s Gazprom PJSC warns of further reductions in gas flows through the Nord Stream pipeline 
to Germany, a day after a 40 percent cut in the quantity carried. 

Tuesday, June 21, 2022 Russian forces press an offensive in eastern Ukraine and fight to control Sievierodonetsk.

Tuesday, June 21, 2022 Russia warns Lithuania of “serious” consequences over its decision to ban the rail transit of 
EU-sanctioned goods between mainland Russia and Kaliningrad.

Tuesday, June 21, 2022 Russia simulates missile attacks on Estonia, a member of NATO. 

Thursday, June 23, 2022 Germany considers rationing natural gas after Russian makes cuts to the supply.
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In July, Ukrainian forces began using U.S.-supplied high mobility artillery rocket system 
(HIMARS) missiles to destroy Russian ammunition depots and river crossings. These attacks on 
logistics greatly reduced the Russian artillery advantage. On August 9, Ukrainian forces used 
unknown means to successfully attack the Russian Saky airbase on the Crimean Peninsula, 
destroying at least nine Russian combat aircraft. The latter operation was part of a Ukrainian 
offensive to retake Kherson. 

Table 1, cont’d
Timeline of Events

Date Description

Thursday, June 23, 2022 EU leaders grant “candidate status” to Ukraine and Moldova.

Saturday, June 25, 2022 Russian forces capture the last parts of Sievierodonetsk.

Saturday, June 25, 2022 Ukraine reports a “massive bombardment” from Belarus, which is allied to Russia but not officially 
involved in the war.

Sunday, June 26, 2022 The G7 announces an import ban on gold from Russia. 

Monday, June 27, 2022 Russia defaults on foreign debt. 

Monday, June 27, 2022 G7 leaders agree on new sanctions, including restricting defense technology transfers.

Tuesday, June 28, 2022 Turkey drops its objections to Sweden and Finland joining NATO, making acceptance likely. 

Sunday, July 3, 2022 Russian forces capture the high ground of Lysychansk, opposite Sievierodonetsk. 

Monday, July 4, 2022 Russia pauses major military operations temporarily to allow units to recover. 

Thursday, July 14, 2022 The U.S. reassures banks, shipping, and insurance companies that assisting Russian food and  
fertilizer exports would not breach sanctions on Moscow.

Saturday, July 16, 2022 The Russian Ministry of Defense announces the end of its “operational pause.” 

Wednesday, July 20, 2022 Ukraine requests a two-year payment freeze on payments on $20 billion of international bonds.

Wednesday, July 20, 2022 The European Commission urges EU members to cut their natural gas use by 15 percent and per-
mit it to ration gas to prepare for a much-reduced supply of Russian gas.

Wednesday, July 20, 2022 Russian Foreign Minister Sergei Lavrov says Russia has designs on more than just the Donbas 
region in eastern Ukraine.

Thursday, July 21, 2022 The NBU devalues UAH to 36.5686 UAH/USD. 

Friday, July 22, 2022 The RCB cuts the policy rate from 9.5 percent to 8 percent. 

Friday, July 22, 2022 Russia and Ukraine agree that Russia would allow grain exports through Ukrainian ports.

Tuesday, July 26, 2022 The IMF World Economic Outlook increases its forecast of 2022 Russian GDP to a 6 percent fall 
while seeing world growth slowing to 3.2 percent. 

Wednesday, August 3, 2022 OPEC nations agree to a small increase in oil production.

Thursday, August 4, 2022 Russian oil stops flowing through a pipeline to Central and Eastern Europe. Transneft PJSC, the 
government-owned oil-pipeline operator, blames Western sanctions for payment difficulties.

Monday, August 8, 2022 IKAR, an agricultural research firm, forecasts Russia’s wheat harvest at 95 million metric tons, up 
from the USDA’s 81.5 million metric ton estimate. 

Tuesday, August 9, 2022 Ukrainian forces use unknown means to successfully attack the Russian Saky airbase on the 
Crimean Peninsula, destroying at least nine Russian combat aircraft.

Wednesday, August 10, 2022 Ukraine’s creditors agree to a two-year freeze in payments on $20 billion in bonds. 
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3 THE INVASION AND THE GLOBAL ECONOMY
3.1 How Can a War Affect Financial Markets? 

A war can affect financial markets through expectations of or actual physical disruptions to 
trade and economic sanctions applied by either side or neutral parties. In the present case, the war 
physically disrupted the creation and extraction of some commodities in both Russia and Ukraine. 
For example, many Ukrainian farmers have not been able to plant or harvest crops, and exports of 
harvested crops via the Black Sea will be limited. This is a serious impediment, as grain exports 
via the Black Sea constituted 95 percent of Ukrainian grain exports in 2021 (Salin, 2022). Only at 
the end of July did Russia and Ukraine, via U.N. negotiations, agree to resume both Russian and 
Ukrainian wheat and fertilizer exports through the Black Sea (Reuters, 2022d). An EU initiative to 
ship Ukrainian grain by river, rail, and road routes, the “Solidarity Lanes,” has successfully exported 
considerable quantities of grain (Agence France-Presse, 2022). Sanctions imposed by both sides will 
also restrict the supplies of commodities to the global economy. For example, the United States has 
banned imports of Russian oil and the EU has banned such imports by sea. Western countries have 
not sanctioned many commodities, such as food and fertilizer, although removing Russian banks 
from SWIFT and other sanctions have impeded purchases of food and fertilizer (Rappeport, 2022). 

The efficient market hypothesis (Fama, 1970) implies that all information about future supply 
of or demand for an asset typically affects the price of that asset when the information affects the 
market’s expectations, not necessarily when the change in supply or demand occurs. To take an 
example, suppose it were announced that a major oil field would have to be shut down in two weeks 
for repairs or to prevent environmental damage. In that case, market participants could expect a 
rise in oil prices in two weeks when supply decreases. To profit from that expected rise in prices, 
suppliers could reduce their current sales—storing some oil to sell at higher prices in two weeks—
while oil purchasers would increase their immediate demand to increase inventories and reduce 
their purchases at the expected higher prices in two weeks. These actions would reduce quantities 
supplied and increase those demanded today, raising current prices until the expected future price 
rise became too small to justify further actions. So, prices should always reflect current expectations 
about future market conditions. The process of bidding prices toward a value that is consistent with 
expectations of future fundamentals is colloquially known as “risk arbitrage.”2

A similar process usually keeps the prices of closely substitutable assets very close to each other 
in different markets. The substitutability of two commodities limits the divergence in their prices. 
For example, the price of oil around the world depends on the oil’s grade and/or the location of 
delivery. Marginal buyers’ willingness to accept a different grade of oil or the cost to transport oil 
from cheaper sources will limit the variation in prices between two substitute commodities. If 
marginal buyers consider different grades of oil to be poor substitutes or it costs a lot to transport 
oil between markets, then the prices can diverge substantially. 

By legally impeding arbitrage, however, sanctions can induce persistent, large deviations in 
the prices of similar assets on different markets. For example, the prices of palladium delivered in 
Russia and in Western Europe might diverge persistently if sanctions prevent the import of palla-
dium from Russia. 
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3.2 What Commodity Markets Are Affected?

Both Russia and Ukraine are important commodity exporters. Table 2 shows the major exports 
of Russia and Ukraine, sorted by the percentage of world exports for each category. For example, 
the first row of Table 2 shows that Russian exports of crude oil amounted to 7.6 percent of world 
crude oil exports in 2020, while making up 4.9 percent of Russia’s gross domestic product (GDP). 
Energy products, that is, oil, coal, and natural gas, and precious metals, such as gold and platinum, 
make up much of Russian exports. Ukraine’s major exports consist of food products—sunflower 
seeds, corn, and wheat—and iron/steel products. These exports often make up large percentages of 
world exports. For example, Table 2 shows that Ukrainian exports of sunflower-seed, safflower, or 
cotton-seed oil account for 20 percent of world exports of those products. 

Table 2
Major Russian and Ukrainian Exports in 2020

Percent of  
world exports

Percent of  
domestic GDP

Russian exports in 2020

   Petroleum oils and oils obtained from bituminous minerals; crude 7.6 4.9

   Petroleum oils and oils from bituminous minerals, not crude 5.0 3.1

   Commodities not specified according to kind 3.0 2.7

   Gold (including gold plated with platinum) 2.5 1.2

   Coal; briquettes, ovoids, and similar solid fuels from coal 7.8 0.8

   Wheat and meslin 8.8 0.5

   Platinum 6.2 0.5

   Petroleum gases and other gaseous hydrocarbons 2.3 0.5

   Iron or non-alloy steel; semi-finished products thereof 11.4 0.3

   Copper; refined and copper alloys, unwrought 3.6 0.3

Ukranian exports in 2020

   Sunflower-seed, safflower, or cotton-seed oil 20.0 3.4

   Maize (corn) 6.7 3.1

   Iron ores and concentrates 1.5 2.7

   Wheat and meslin 4.0 2.3

   Iron or non-alloy steel; semi-finished 6.4 1.8

   Iron or non-alloy steel; flat-rolled 2.0 1.0

   Insulated wire, cable and other electric conductors 0.6 0.9

   Oil-cake and other solid residues 8.0 0.8

   Rape or colza seeds 4.6 0.6

   Pig iron and spiegeleisen in pigs, blocks, or other primary forms 10.4 0.6

NOTE: The table shows the top categories of exports for Russia and Ukraine for 2020, both as percentages of world exports of 
that product and as percentages of the respective GDPs of Russia and Ukraine. 

SOURCE: Export data from U.N. Comtrade; GDP data from World Bank.
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Physical disruption of a market and sanctions can have different effects on a market. A physical 
disruption might make the commodity completely unavailable, while in the presence of sanctions 
the product presumably still exists and can be consumed if the sanctions can be evaded. Also, the 
disruption to a global market depends crucially on the nature of the product, that is, how easy it is 
to transport and how easy it is to disguise the source of the commodity. For example, crude oil can 
be easily shipped around the world, so Western sanctions on purchases of Russian oil mean that it 
will still be sold to non-sanctioning states such as India or China, albeit at a substantial discount. 
On the other hand, natural gas is most easily transported through existing pipelines and cannot 
easily be redirected without substantial infrastructure to liquify it, transport the liquified natural 
gas (LNG) in special ships, and then use the offloaded LNG at the destination. Therefore, it is much 
easier to evade sanctions on oil than on natural gas. European sanctions on natural gas would likely 
prove quite effective, as it would be difficult to deliver the gas to new markets. 

A large percentage of Russian natural gas exports go to EU nations. The lack of existing infra-
structure for handling LNG makes it very difficult to replace these Russian exports with LNG from 
the United States or other gas exporters.3 This lack of infrastructure has significantly impeded the 
expansion of Western sanctions to Russian gas. 

Exports of food have been mostly subject to physical disruption rather than sanctions. The 
combination of fears of reduced wheat exports from Ukraine and a poor wheat harvest in Europe 
greatly raised wheat prices (Khan, 2022). Throughout the spring, rising food prices produced fears 
of a famine in relatively low-income, wheat-importing countries, such as Fiji, Morocco, Mauritania, 
Azerbaijan, Georgia, and Egypt.4 

4 FINANCIAL MARKET REACTIONS
4.1 Prewar Anticipation in Commodities Prices

The efficient market hypothesis implies that financial markets should price in expected effects 
of future events, such as war. The Russian invasion of Ukraine was preceded by almost four months 
of war warnings in the press (Dixon, Sonne, and Stern, 2021). Such a war would be expected to 
disrupt supplies of many important commodities, as it actually did, as well as depreciate the curren-
cies of the belligerents. Therefore, one might think that rising commodity prices and/or depreciating 
currencies could be interpreted as warning signs of the impending invasion. Many factors, aside 
from war, can influence asset prices, which complicates the exercise of looking for evidence of war 
anticipation in such prices. 

The top panel of Figure 1 depicts futures prices of oil, wheat, and palladium from November 1, 
2021, to April 30, 2022, while the bottom panel depicts the U.S. dollar/hryvnia (USD/UAH) exchange 
rate over the same period. The figure provides some casual evidence that markets priced in some 
significant probability of war. Crude oil and palladium prices rose from December 2021 to the 
start of the war in late February 2022. Similarly, the hryvnia depreciated by about 10 percent from 
November 1, 2021, to the start of the war on February 24, 2022. Wheat prices, however, did not 
rise much until the last week of February, when hostilities were imminent. The figure shows that 
anticipation was only partial in that commodity prices and exchange rates changed substantially 
in late February when hostilities commenced. If markets had fully priced in the war, prices would 
have changed very little or not at all when the invasion occurred. 
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4.2 The First Weeks of the War: February 14 to March 28

Figure 2 shows patterns in normalized asset prices from February 14 to March 28, a period of 
six weeks. Clockwise from top left, the four panels of Figure 2 show the percentage change in normal-
ized futures prices for oil, wheat, and iron; precious metals; the Russian ruble; and equities/VIX. 

Some patterns are common to many assets: Prior to the commencement of hostilities in the 
last week of February, the asset prices showed no major and consistent changes. As hostilities began 
to break out in the last week of February, most of the futures prices moved in consistent directions, 
however. From February 21 to February 28, crude oil and palladium prices rose by about 10 percent 
while equities fell by about 5 percent. The VIX rose from about 30 to 34, and the ruble’s value 
plunged by about 30 percent.5 

The directions of the price changes are not difficult to plausibly explain. Russia is a major exporter 
of crude oil and palladium, and markets doubtless fear that some combination of physical disruption 
and Western sanctions—national or private—would disrupt their supply and raise prices. Similarly, 
one would generally expect war and commodity price rises to lower stock prices while raising esti-
mates of implied stock volatility because war interferes with international trade and investments. 
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Figure 1
Prewar Trends in Commodity Prices and the UAH

NOTE: The top panel of the figure shows normalized daily futures prices for commodities from November 1, 2021, to April 30, 
2022. The bottom panel shows the normalized USD/UAH exchange rate from November 1, 2021, to April 30, 2022. Normaliza-
tion depicts the percentage change in the asset price relative to its initial value in the figure. NYMEX, New York Mercantile 
Exchange; USD, U.S. dollar; UAH, Ukrainian hryvnia.

SOURCE: Tickdata.
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The initial price movements in the last week of February were more modest than larger moves in 
the same direction from March 1 to March 8. Wheat prices rose about 14 percent from February 21 to 
February 28 (the first week of the war) but cumulatively rose about 45 percent from February 21 to 
March 8 (the end of the second week of the war). Oil and palladium followed similar patterns, rising 
about 3 percent in the first week but cumulatively rising about 25 percent by the end of the second 
week. Equities declined by over 10 percent over the initial two weeks. Prices generally peaked on 
March 8 and declined thereafter, retracing much of the territory back to their prewar values. By 
April, asset prices had ceased to move in pronounced and coordinated swings and became more stable. 

Why did commodity prices move in these patterns over time? The efficient market hypothesis 
implies that prices should change as expectations of current and future fundamentals change. The 
first few weeks of the war contained a lot of news that would influence expectations. The modest 
initial price changes indicate that markets did not fully price in the war—or prices would not have 
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changed—but that markets initially judged that the war would have a smaller effect on prices than 
they would just a week later. Initial market reactions may have priced in only a short conflict and 
only weak Western sanctions and support for Ukraine. In fact, Ukraine has received over $45 billion 
in military support alone (Statista, 2022) and Western sanctions were much wider and stronger 
than those in the wake of the annexation of Crimea in 2014. 

By March 1, 2022, the initial Russian advances had bogged down, and early peace talks had 
been fruitless. It is reasonable to infer that markets may have reevaluated the impact of the war 
when it became more likely that initial Russian objectives were overly ambitious, the war would 
last indefinitely, and Western nations would impose serious sanctions on Russia. The following 
summarizes that sentiment: 

The last full trading week of February ended with optimism that Russia’s invasion of Ukraine would 
end quickly and not become a global issue. How wrong we were. The scenes out of Ukraine have been 
devastating, and while resistance has been stiff, Russia’s tactics have gotten more extreme. Europe 
has rallied together in response, but sanctions don’t look like they will bring a speedy end to the war. 
(Levisohn, 2022)

The reversal in asset price movements after March 8 may be consistent with several interpretations: 

• Simple overreaction from February 21 to March 8
• Anticipation of events that did not occur
• Failure to expect events that occurred

Simple Overreaction. The fact that the March 1 to March 8 price rise was a one-off event and was 
followed by a more sustained retrenchment might also be consistent with a simple overreaction; 
that is, subsequent trading showed that prices on March 8 were excessive compared with underly-
ing fundamentals.6 Markets must estimate the effects of events on prices. While these estimates 
might be very good, educated guesses, markets will typically overestimate or underestimate, particu-
larly for complex, one-time events such as the outbreak of a war involving important commodity 
producers. 

Anticipation of Events That Did Not Occur. Markets may have priced in some price-boosting 
events that did not come to pass, such as near-term European sanctions on Russian oil and gas. 

Failure to Expect Events That Occurred. Markets might also have failed to fully anticipate some 
events or policies that moderated prices. Two types of possibly unanticipated policy reactions are 
the releases of oil reserves by Western countries and capital controls applied by the National Bank 
of Ukraine (NBU) and the RCB.7 

On March 1, 2022, the United States and the International Energy Agency (IEA) announced 
that they would jointly release 60 million barrels of oil from strategic reserves (Faucon and Said, 
2022). This release was just the first of several. On March 31, 2022, President Biden announced the 
release of 180 million barrels of oil over about 180 days; then on April 6, 2022, the United States 
and IEA announced the release of an additional 60 million barrels (Frank, 2022; Morales, Mohsin, 
and Jacobs, 2022). 
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4.3 Exchange Controls, Capital Controls, and Exchange Rates

Both the NBU and the RCB found themselves in similar situations after Russia invaded. Both 
the hryvnia and ruble had been depreciating against G7 currencies since November, and such 
depreciation threatened the ability of both countries to maintain stable domestic prices and the 
ability to import. Both central banks then engaged in similar, but not identical, policies to confront 
their similar problems. 

The NBU moved first. On the morning of the general invasion, February 24, 2022, the NBU 
fixed the value of the hryvnia at 29.25 UAH/USD and imposed capital and exchange controls. 
These regulatory controls included prohibitions on repatriation of profits abroad and withdrawal 
of foreign currency from Ukrainian banks (see Table 1).8 On February 25, the NBU announced 
that it would provide unlimited refinancing loans in the national currency to the banking system, 
with a maturity up to one year (Druhov and Druhova, 2022).9 The lower panel of Figure 1 shows 
that these policies arrested the depreciation of the hryvnia and stabilized it. 

By July 2022, however, imbalances in Ukraine’s imports and exports had built up. Ukrainian 
exports were severely hampered by the shutdown of its maritime trade from the Black Sea while its 
government needed to import a great deal to support its population and fight the war. Ukrainians 
taking refuge in neighboring countries also put pressure on the hryvnia by purchasing foreign cur-
rency for their living expenses (Yahoo News, 2022). To improve the international competitiveness 
of its products, the NBU devalued its domestic currency by 20 percent, from 29.25 UAH/USD to 
36.5686 UAH/USD on July 21, 2022 (Reuters, 2022c). The NBU’s alternatives to such a devaluation 
would have been to raise interest rates, which would slow economic activity and reduce seignorage, 
or to impose stronger capital controls. With the national economy expected to contract by 35 to 
45 percent in 2022, a further contraction of the domestic economy was especially unappealing.10 

The RCB did not immediately impose capital controls at the outbreak of hostilities as did the 
NBU, but it saw the ruble’s value plunge 30 percent in the war’s first week as markets assessed the 
likely impact on demand for Russian assets and goods. On February 28, 2022, the Russian authori-
ties reacted by suspending stock and derivatives trading on the Moscow exchange, while the RCB 
raised its key policy rate from 9.5 percent to 20 percent. To support the ruble, the RCB imposed 
additional capital controls on March 9, 2022 (Grove and Osipovich, 2022). That is, the Russian 
authorities also ordered exporters to start selling 80 percent of their foreign exchange revenue for 
rubles (Reuters, 2022a) and limited Russian citizens to withdrawing $10,000 in foreign currency 
(Reuters, 2022b). On March 22, 2022, President Vladimir Putin announced that “unfriendly coun-
tries” must pay for natural gas in rubles, although this demand would only be enforced a month 
later. These exchange and capital controls increased the supply of and limited demand for foreign 
currency, thereby buoying the highly visible but managed value of the ruble. This boost allowed the 
RCB to cuts its policy rate from 20 percent back to 17 percent on April 8, 2022, to 14 percent on 
April 29, to 11 percent on May 25, to 9.5 percent on June 10, and to 8 percent on July 25 (Hannon 
and Chernova, 2022; Bloomberg News, 2022). On May 24, the Russian finance ministry cut the 
share of required foreign currency conversion by exporters from 80 percent to 50 percent. 

These capital and exchange controls successfully stabilized the value of the ruble on internal 
markets, allowing the Russian government to claim a public relations victory. Because the ruble is 
not freely tradable on international markets, however, its value on highly regulated internal mar-
kets is meaningless. In addition, capital and exchange controls can be costly in subtle ways, as they 
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prevent firms and citizens from trading assets and protecting themselves from risk. Such regulations 
function as a subtle tax. 

4.4 Cross-Sectional Commodity Price Patterns from February 14 to March 28

Commodity price movements contain instructional cross-sectional patterns. For example, the 
upper-right panel of Figure 2 shows that platinum prices rose further and faster than did gold 
prices, with platinum prices experiencing a nearly 15.8 percent rise by March 10 versus gold’s 9.4 
percent peak on March 8. The larger effect on platinum prices is consistent with the fact that Russian 
platinum exports were 6.2 percent of world platinum exports, while its gold exports were only 2.5 
percent of world gold exports, although the value of the latter is more than double that of the former 
(Table 2). 

4.5 Equities from February 14 to March 28

Figure 2 also suggests that markets perceive European assets to be more exposed to war risk 
than are North American or Asian assets. That is, the S&P 500 did not fall as far as did two European 
indices, the French CAC 40 and the German DAX (lower-left panel of Figure 2).11 Similarly, the 
lower-right panel of Figure 2 shows that the ruble did not fall quite as far and fast against the euro 
as it did against the U.S. dollar and yen, which implies that the euro depreciated against the dollar 
and yen. European equity indices presumably had lower returns than those of the United States 
and Japan during this initial phase of the war because Europe depends on Russian energy exports 
and European firms have greater trading and financial ties with Russia and Ukraine. 

Figure 3 provides a more detailed view of cross-sectional patterns in international equity mar-
kets using a U.S. market, the S&P 500, as the benchmark. That is, Figure 3 shows the cumulative 
returns to six equity markets less the cumulative returns to the S&P 500: the French CAC 40, the 
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depicts the percentage change in the asset price relative to the initial value of the S&P 500 in the figure. Positive (negative) 
values indicate positive (negative) cumulative returns of the foreign index compared to the S&P 500.

SOURCE: Tickdata.
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German DAX, the Japanese Nikkei 225, the Finnish OMX Helsinki 25, the Estonian OMX Tallinn, 
and the Lithuanian OMX Vilnius.12 Positive (negative) values on the figure indicate that the 
respective markets outperformed (underperformed) the S&P 500 since February 14. The relative 
performance of an equity market likely reflects the relative exposure of the country’s economy to 
the effects of the Russia-Ukraine war, such as commodity price hikes, sanctions, and economic 
performance in the region. 

Relative equity prices did not move consistently and strongly prior to the outbreak of hostilities 
in the last week of February, but Figure 3 illustrates that European markets generally underper-
formed the S&P 500 from February 23 to February 28. As previously discussed, these equity markets 
plunged further after February 28, reaching their respective nadirs with respect to the S&P 500 
from March 4 to March 7. The European markets generally continued to underperform the S&P 
500 throughout March, ending the month about 6 to 10 percent lower relative to the S&P 500 than 
they had been on February 14. In contrast, the Japanese Nikkei 225 ended the period almost exactly 
where it had started with respect to the S&P 500. 

The fact that only the Nikkei kept pace with the S&P 500 is consistent with a market view that 
Japan and the United States are more insulated from the fallout from the war. Somewhat surpris-
ingly, the markets in states bordering Russia, that is, Finland, Estonia, and Lithuania, did not per-
form appreciably worse than markets in parts of Europe seemingly more geographically insulated 
from the Russia-Ukraine war, such as France and Germany. 

4.6 Nonbelligerent Exchange Rates from February 14 to March 28

Figure 4 illustrates the paths of nine major flexible exchange rates against the U.S. dollar from 
February 14 through March 28 and allows us to infer factors that might have driven differential 
reactions. A rise in the respective lines indicates an appreciation of the foreign currency against 
the U.S. dollar. The countries differ in their trading patterns and proximity to the war. 

Four of the currencies appreciated against the U.S. dollar over the sample, while five depreciated. 
Not surprisingly, the four currencies that appreciated against the U.S. dollar are all “commodity 
currencies,” that is, currencies of major commodity-exporting countries: Australia, Canada, New 
Zealand, and Norway. Table 3 shows the five largest categories of exports for countries of the 10 
monetary areas used to construct the nine exchange rates. Exports for the euro area are not available, 
so I used French, German, and Italian exports to proxy for those of the euro area.13 The final column 
of Table 3 shows that mined or agricultural commodity exports make up substantial portions of 
the GDP of Australia, Canada, New Zealand, and Norway, while being much less important for 
Japan, the United Kingdom, and the United States. Switzerland is a major exporter of refined gold, 
but it imports gold in unrefined form, so the Swiss franc is not a commodity currency on net. When 
commodity prices rise, the currencies of commodity-exporting countries tend to appreciate because 
of the increased demand for those currencies. 

Four of the five depreciating currencies are European: the British pound, the euro, the Swedish 
kroner, and the Swiss franc. Of these four currencies, the Swiss franc, which is traditionally con-
sidered to be among the safest of currencies, had only a small total depreciation. European curren-
cies tended to depreciate because countries in this region have relatively close business ties to Russia 
and Ukraine and will tend to be most impacted by sanctions and the macroeconomic retrenchment 
in those countries (Table 4). Weaker business activity is associated with currency depreciation. 
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The Japanese yen is the fifth depreciating currency, but the depreciation is out of sync with the 
movements of other exchange rates and did not start in earnest until about March 10, which indi-
cates that the depreciation may not be related to the Russia-Ukraine war. Some currency analysts 
attribute the yen’s decline to market perceptions that the Bank of Japan is much less willing to raise 
policy rates than is the Federal Reserve (Hongxu, 2022; McCarthy, 2022). 

To casually explore the possibility that trade patterns with Russia or Ukraine affect the reactions 
of exchange rates to war-induced commodity price shocks, Table 4 presents 2020 exports, imports, 
and total trade of 12 countries with Russia and Ukraine. These 12 countries represent the monetary 
areas for the exchange rates represented in Figure 4, with France, Germany, and Italy jointly repre-
senting the euro area. 

First, Table 4 shows that all 12 countries trade much more with Russia than with Ukraine, 
whose economy is only about 10 percent as big as that of Russia. Second, the quantity of trade with 
Russia varies considerably among the countries. Germany, Italy, and the United Kingdom each 
trade with Russia equal to about 1 percent of their respective GDPs. Other European countries, 
France, Norway, Sweden, and Switzerland, have trade shares of 0.5 to 0.6 percent of their respective 
GDPs, while countries that are geographically distant with more commodity-intensive economies—
Australia, Canada, New Zealand, and the United States—have very low trade exposure, at only 0.1 
percent of their respective GDPs. Japan is an intermediate case. It is geographically near Russia’s 
Asian coast, and its trade with Russia is 0.3 percent of its GDP. The importance of trade with Russia 
seems to match tolerably well with the exchange rate behavior in Figure 4: The euro and the British 
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Figure 4
Exchange Rates Relative to the U.S. Dollar, February 14 to March 28

NOTE: The figure shows nine normalized exchange rates against the USD from February 14, 2022, to March 28, 2022. 
Normalization depicts the percentage change in the asset price relative to its initial value in the figure. Positive (negative) 
values indicate appreciation (depreciation) of the foreign currency against the U.S. dollar. FX, unit of foreign exchange. AUD, 
Australian dollar; CAD, Canadian dollar: CHF, Swiss Franc; EUR, euro; GBP, British pound; JPY, Japanese yen; NOK, Norwegian 
kroner; NZD, New Zealand dollar; SEK, Swedish krona.

SOURCE: Tickdata.
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Table 3
Exports of Selected Countries

Country Export
Percent of  

world exports
Percent of  

domestic GDP

Australia Iron ores and concentrates 28.5 6.0

Australia Commodities not specified 2.9 2.9

Australia Coal; briquettes, ovoids, and similar solid fuels 18.9 2.3

Australia Gold unwrought 2.3 1.3

Australia Meat of bovine animals; frozen 7.5 0.3

Canada Petroleum oils; crude 5.0 2.9

Canada Motor cars and other motor vehicles 2.5 1.9

Canada Commodities not specified 1.5 1.2

Canada Gold unwrought 2.1 1.0

Canada Motor vehicles; parts and accessories 1.3 0.5

France Medicaments 3.6 1.1

France Commodities not specified 1.9 1.0

France Aircraft 15.1 0.9

France Motor cars and other motor vehicles 1.5 0.7

France Motor vehicles; parts and accessories 1.8 0.5

Germany Motor cars and other motor vehicles 9.7 3.2

Germany Medicaments 7.7 1.6

Germany Motor vehicles; parts and accessories 8.0 1.4

Germany Commodities not specified 3.6 1.2

Germany Human blood; animal blood 7.4 0.9

Italy Medicaments 3.4 1.4

Italy Commodities not specified 1.1 0.8

Italy Motor cars and other motor vehicles 1.2 0.8

Italy Motor vehicles; parts and accessories 1.8 0.7

Italy Petroleum oils and oils from bituminous minerals, not crude 0.9 0.4

Japan Motor cars and other motor vehicles 6.4 1.6

Japan Commodities not specified 3.1 0.8

Japan Electronic integrated circuits 1.8 0.6

Japan Motor vehicles; parts and accessories 4.0 0.5

Japan Machines for manufacture of semiconductors 12.7 0.5
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Table 3, cont’d
Exports of Selected Countries

Country Export
Percent of  

world exports
Percent of  

domestic GDP

New Zealand Milk and cream 14.1 2.8

New Zealand Meat of sheep or goats; fresh, chilled, or frozen 17.4 1.2

New Zealand Meat of bovine animals; frozen 4.0 1.0

New Zealand Wood in the rough 8.8 0.9

New Zealand Butter and other fats from milk 11.0 0.9

Norway Petroleum oils; crude 2.4 6.3

Norway Petroleum gases 4.0 3.8

Norway Fish; fresh or chilled 17.1 1.7

Norway Commodities not specified 0.3 1.0

Norway Petroleum oils, not crude 0.4 1.0

Sweden Motor cars and other motor vehicles 0.9 2.1

Sweden Medicaments 1.2 1.7

Sweden Petroleum oils, not crude 0.6 1.0

Sweden Commodities not specified 0.4 1.0

Sweden Telephone sets 0.4 0.9

Switzerland Gold unwrought 9.5 9.5

Switzerland Medicaments 6.0 6.3

Switzerland Human blood; animal blood 8.7 5.3

Switzerland Heterocyclic compounds 8.0 1.7

Switzerland Watches 25.6 1.5

United Kingdom Motor cars and other motor vehicles 2.1 1.0

United Kingdom Gold unwrought 2.8 0.8

United Kingdom Turbo-jets, turbo-propellers, and gas turbines 8.9 0.7

United Kingdom Medicaments 2.3 0.7

United Kingdom Commodities not specified 1.3 0.6

United States Commodities not specified 8.7 0.5

United States Petroleum oils, not crude 6.8 0.3

United States Petroleum oils; crude 5.3 0.2

United States Motor cars and other motor vehicles 3.6 0.2

United States Electronic integrated circuits 2.8 0.2

NOTE: The table shows the top five categories of exports of 12 countries for 2020, both as percentages of world exports of that product and as  
percentages of the respective GDPs of each of the 12 countries. 

SOURCE: Export data from U.N. Comtrade; GDP data from World Bank.
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pound depreciate with respect to the U.S. dollar, while the Australian dollar and New Zealand 
dollar appreciate. 

Commodity Betas for Exchange Rates. To formally determine the effect of supply-induced com-
modity price changes on a group of exchange rates would require a formal econometric model 
with identification assumptions. This is not an easy task. Under the heroic assumptions that only 
war shocks are important during this sample, that such shocks directly affected expected commodity 
returns, and that exchange rates reacted to those, one can regress exchange rate returns on returns in 
nine commodities whose prices might be strongly affected by the Russia-Ukraine war—coal, oil, 
gold, platinum, copper, iron ore, palladium, corn, and wheat—and interpret the resulting coeffi-
cients as the effect of the commodity returns on the exchange rates:

(1) , , ,9
10

FX i c j FX ij
jt j t tr b b r e
   ,

where rt
FX,i is the daily return on day t to the ith exchange rate, rt

c,j is the daily return to the jth 
commodity (c), and et

FX,i is the error at time t for the ith exchange rate.14 
To see the reaction of each country’s currency to a variety of numeraire currencies, I estimate 

equation (1) using daily returns from February 14 to March 28 on three base exchange rates: the 
U.S. dollar, the Japanese yen, and the euro. As shown in Table 4, Europe’s extensive trade and 
financial ties with Russia and Ukraine expose the euro to the Russia-Ukraine conflict, while the 
U.S. dollar and yen are much less exposed. Most of the commodity returns were not significant 

Table 4
Exports, Imports, and Total Trade with Russia and Ukraine as a Percentage of GDP for Selected Countries

Selected  
countries

Exports to 
Russia as a  
percentage  

of GDP

Imports from 
Russia as a  
percentage  

of GDP

Trade with 
Russia as a  
percentage  

of GDP

Exports to 
Ukraine as a  
percentage  

of GDP

Imports from 
Ukraine as a  
percentage  

of GDP

Trade with 
Ukraine as a  
percentage  

of GDP

Australia 0.0 0.0 0.1 0.0 0.0 0.0

Canada 0.0 0.1 0.1 0.0 0.0 0.0

France 0.2 0.2 0.5 0.0 0.0 0.1

Germany 0.7 0.5 1.2 0.1 0.1 0.2

Italy 0.4 0.6 1.0 0.1 0.1 0.2

Japan 0.1 0.2 0.3 0.0 0.0 0.0

New Zealand 0.1 0.1 0.2 0.0 0.0 0.0

Norway 0.1 0.4 0.5 0.1 0.0 0.1

Sweden 0.4 0.3 0.6 0.1 0.0 0.1

Switzerland 0.4 0.2 0.6 0.1 0.0 0.1

United Kingdom 0.1 0.9 1.0 0.0 0.0 0.0

United States 0.0 0.1 0.1 0.0 0.0 0.0

NOTE: The table shows the exports, imports, and total trade (X + M) of 12 countries with Russia and Ukraine for 2020, as percentages of the respec-
tive GDPs of each of the 12 countries. 

SOURCE: Trade data from U.N. Comtrade; GDP data from World Bank.
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predictors of most of the exchange rates, which is not surprising for such a short sample, so I used 
the Bayesian information criterion to select a more parsimonious model for each exchange rate. 
This procedure may select a different set of regressors for each regression.

Panels A, B, and C of Table 5 show the results of these regressions using the U.S. dollar, the 
euro, and the Japanese yen, respectively. The positive coefficients in Panel A show that the U.S. 
dollar tends to depreciate against most currencies when the price of iron ore or palladium increases, 
while the negative coefficients show that the U.S. dollar tends to appreciate when the price of gold 
or wheat rises. The positive coefficients in Panel B show that the euro tends to depreciate against 
almost all currencies when commodity prices rise. The exceptions to this were that increases in the 
price of wheat caused the euro to appreciate against the Swedish krona and Norwegian kroner. In 
contrast, the Japanese yen tended to appreciate against all the other currencies when commodity 
prices increased (Panel C). In summary, the euro, which is relatively exposed to the ramifications 
of the Russia-Ukraine war, tended to depreciate when commodity prices rose, while the yen, con-
sidered to be much less exposed, tended to appreciate with commodity prices. 

The commodity returns on the right-hand side of equation (1) are positively correlated over 
the sample, creating collinearity in the regressors and making it difficult to interpret individual 
coefficient estimates in Table 5. Table 6 shows that all the correlations among the one-day com-
modity returns are positive and 6 of the 36 correlations are greater than 60 percent. Gold and pal-
ladium returns exhibit the largest correlation at 74 percent. Gold returns are also highly correlated 
with oil returns at 73 percent. 

4.7 The Cross-Section of U.S. Equities: February 14 to March 28

This subsection will illustrate how supply-induced commodity price changes can affect the 
cross-sectional returns of individual U.S. equities. I assume that supply shifts primarily drive the 
commodity price changes in the February 14 to March 28 period; demand shifts for commodities 
would likely have very different effects on equity prices. I consider the returns of individual stocks 

Table 6
Correlation Among Commodity Returns

Oil Gold Platinum Copper Iron ore Palladium Corn Wheat

Coal 53 38 13 56 30 21 32 40

Oil 73 38 47 57 61 44 43

Gold 26 38 69 74 43 26

Platinum 35 47 39 31 12

Copper 39 35 28 28

Iron ore 64 51 39

Palladium 8 12

Corn 61

NOTE: The table shows the correlations in percentage terms for daily commodity returns from February 14 to March 28, 2022. 

SOURCE: Tickdata. 
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relative to the market, that is, cross-sectional returns, rather than the overall reaction of stocks to 
supply-induced changes in commodity prices, which will almost surely be negative. 

Determining how supply-induced commodity price changes affect the cross-section of daily 
excess equity returns is subject to the same problems as determining their effect on exchange rates. 
Without a formal econometric model with identification assumptions, one can casually analyze 
the relation by assuming that only war shocks are important determinants of stock prices during 
the sample and that they affect stock returns through their effect on commodity prices. Under these 
heroic assumptions, I regress the excess returns on individual stocks on the returns of nine previ-
ously considered commodities that might be strongly affected by the Russia-Ukraine war: coal, oil, 
gold, platinum, copper, iron ore, palladium, corn, and wheat. I use returns to the 1,000 stocks with 
the largest market capitalizations on February 14, 2022, from the Center for Research on Security 
Prices (CRSP). I construct the market return as the equally weighted average of these 1,000 stock 
returns:

Table 7
Commodity Betas for Selected Equities

Commodity Firm Industry description Beta t-Statistic

Oil A P A Corp. Crude petroleum extraction 0.37 3.07

Oil Suncor Energy Inc. New Petroleum refineries 0.35 2.56

Oil Shell Plc Crude petroleum extraction 0.42 2.49

Oil Continental Resources Inc. Crude petroleum extraction 0.39 2.32

Oil Ovintiv Inc. Crude petroleum extraction 0.44 2.02

Oil Canadian Natural Resources Ltd. Crude petroleum extraction 0.25 1.87

Oil Imperial Oil Ltd. Petroleum refineries 0.27 1.83

Gold SPDR Gold Trust Other financial vehicles 1.56 3.86

Gold Barrick Gold Corp. Gold ore mining 1.50 2.09

Coal General Electric Co. Turbine and turbine generator manufacturing –0.27 –2.24

Gold Seagate Technology Holdings Plc Computer storage device manufacturing –1.68 –2.34

Gold Canadian Imperial Bank of Commerce Commercial banking –1.13 –2.30

Gold Bank of Montreal Quebec Commercial banking –0.76 –2.29

Gold Toronto Dominion Bank Ontario Commercial banking –0.99 –2.14

Platinum Astrazeneca Plc Pharmaceutical preparation manufacturing –1.03 –3.91

Platinum Sanofi Pharmaceutical preparation manufacturing –0.92 –3.41

Platinum Glaxosmithkline Plc Pharmaceutical preparation manufacturing –0.81 –3.05

Copper Ferguson Plc Plumbing and heating equipment and supplies –0.58 –2.97

Copper P G & E Corp. Other electric power generation –0.21 –2.04

Iron ore Paccar Inc. Automobile manufacturing –0.21 –2.48

Palladium 10x Genomics Inc. Biological product manufacturing –1.62 –2.31

NOTE: The table shows the results of selected regressions of daily individual stock returns in excess of the market return on daily commodity returns 
(equation (2)) from February 14 to March 28, 2022. See equation (2).

SOURCE: CRSP and Tickdata. 
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(2) , , ,9
10

e i m c j e ij
jt t j t tr r b b r e
    ,

where rt
e,i is the daily return on day t to the ith stock, rt

m is the daily market return on day t, rt
c,j is 

the daily return to the jth commodity at time t, and et
e,i is the error at time t for the ith stock return.15 

Estimating equation (2) with daily data from February 14 to March 28 with 1,000 stocks and 
nine commodity prices produces far too many coefficient estimates to easily analyze. Therefore, 
we focus on a few of the more instructive and/or interesting findings. The top panel of Table 7 shows 
stocks whose excess returns reacted positively to commodity price increases, while the lower panel 
of Table 7 shows stocks that reacted negatively to commodity price increases.

Reassuringly, the top panel of Table 7 shows that the excess returns of oil- and gold-producing 
firms reacted positively to hikes in the prices of oil and gold, respectively. The most common reason 
for the negative reactions in the bottom panel of Table 7 is that a firm heavily uses some commodity 
as an input to its manufacturing processes or manufactures a product that uses the commodity 
itself. For example, the stock of General Electric, which manufactures equipment for power plants, 
declines in price when coal prices rise. Seagate Technology, which manufactures computer storage 
devices, is negatively exposed to gold, which is used to produce much electronic equipment. Several 
pharmaceutical firms, that is, Astrazeneca Plc, Sanofi, and Glaxosmithkline Plc, are negatively 
exposed to the price of platinum, which is used in the manufacture of some drugs. Finally, firms 
that manufacture plumbing or power generation equipment are negatively exposed to the price of 
copper. 

One regularity in the lower panel of Table 7 is difficult to explain. Several Canadian banks, 
that is, Canadian Imperial, Bank of Montreal, and Toronto Dominion, are negatively exposed to 
gold. This seems peculiar: Canada is a major gold-exporting country, and one might expect a rising 
price of gold to benefit banks that loan money to Canadian individuals and firms. One possibility 
is that Canadian banks are much more exposed to—that is, have lent more to—net purchasers of 
gold, such as electronics firms, than they are to producers of gold. 

4.8 Fiscal Risk and Expected Inflation: February 14 to March 28

Major wars are very expensive for participants. Buying armaments and paying troops greatly 
increases government outlays while non-military economic activity often declines, which tends to 
reduce tax revenue. These factors produce fiscal risk and inflationary pressures for the combatants. 
One can obtain information from financial markets about fiscal default risk and inflation risk from 
credit default swaps (CDSs) and “breakeven” inflation rates. This subsection illustrates the move-
ment of CDS prices and breakeven inflation rates during the first weeks of the war to informally 
assess the effect of the war on the fiscal risks for noncombatants.

CDSs function much like insurance for bonds in that CDS buyers agree to pay the seller an 
annual premium in exchange for the seller’s agreement to buy the bond at face value (par) if the 
bond issuer defaults on a principal or coupon payment.16 Just as the likelihood of a car accident 
affects the price of auto insurance, CDS prices reflect market expectations about the likelihood of 
default by a bond issuer, such as a corporation or government. 

Figure 5 shows the CDS rates for Germany, Japan, Canada, the United Kingdom, and United 
States from February 14 through March 28. The CDS rates are fairly stable over time, except for 
February 28 through March 8, when all the CDS rates rose strongly, except that of Japan. For example, 
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the black line in Figure 5 shows that the rate on CDS on U.S. Treasury bonds rose from about 12 
basis points on February 28 to about 16 basis points on March 8. CDS prices rose most strongly 
for Germany and the United Kingdom, which are geographically closest to the conflict and most 
economically exposed to disruptions in trade with Russia and Ukraine. The rising prices of CDSs 
is consistent with the view that the Russia-Ukraine war boosts the perceived likelihood of default 
for these countries. Alternatively, the higher CDS prices might indicate that participants demand 
higher compensation to bear the same amount of risk. 

One can measure market expectations of consumer price index (CPI) inflation with “breakeven” 
inflation, that is, the spread between yields of bonds with inflation-adjusted payouts (Treasury infla-
tion-protected securities [TIPS]) and those of nominal bonds. The top panel of Figure 6 shows 
10-year breakeven inflation rates for Germany, Japan, Canada, the United Kingdom, and the United 
States, while the bottom panel centers the five series by subtracting the February 1 breakeven value 
for each. This centering allows one to better compare the cross-country changes in the expected 
inflation measures. 

The usually fairly stable 10-year breakevens rose approximately 10 to 25 basis points in the last 
week of February before rising even more sharply—from 15 to 55 basis points—in the first week of 
March. Germany, the United Kingdom, and United States showed the largest increases, but even 
Japan’s breakeven inflation rate rose by more than 20 basis points. After March 8, the changes in 
the breakeven inflation rates diverged somewhat, with the U.K. breakevens falling but German 
and Japanese breakevens eventually rising further. 

The combination of rising CDS rates and rising breakeven inflation rates are consistent with 
the idea that financial markets believe that the Russia-Ukraine war created relatively small but 
measurable fiscal risks for these nonbelligerent countries. 
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Figure 5
Credit Default Swap Rates for the Sovereign Debt of Selected Countries

NOTE: The figure shows CDS rates for the sovereign debt of five selected countries from February 14, 2022, to March 28, 2022. 

SOURCE: Bloomberg.



Neely Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

291

Feb 14 Feb 21 Feb 28 Mar 07 Mar 14 Mar 21 Mar 28
2022   

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
Br

ea
ke

ve
n 

in
�a

tio
n 

ra
te

Germany
Japan
Canada
U.K.
U.S.

Feb 15 Mar 01 Mar 15
2022   

–0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

N
or

m
al

iz
ed

 b
re

ak
ev

en
 in

�a
tio

n

2/21 2/28 3/8

2/21 2/28 3/8

Figure 6
Breakeven Inflation for Selected Countries 

NOTE: : The figure shows breakeven inflation rates, derived from nominal and real bonds, for five selected countries from 
February 14, 2022, to March 28, 2022. The top panel shows the raw breakeven inflation rates while the bottom panel normalizes 
the breakeven rates for easier comparison by subtracting the respective initial value of each series. 

SOURCE: Bloomberg.
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5 CONCLUSION
This article has reviewed financial market reactions to the Russian invasion of Ukraine with a 

focus on the events of February and March 2022, during which financial market expectations 
changed substantially. Markets appear to have priced some probability of war into exchange rates 
and some commodity prices during the 12 weeks prior to the war. That is, crude and palladium 
prices increased during this period, while the hryvnia and ruble depreciated. The outbreak of hos-
tilities in the last week of February continued and strengthened these trends. During the first week 
of March, the trends were consistent with a revision of expectations toward a prolonged struggle 
that would curtail supplies of many commodities for at least months and perhaps years. By the 
second week of March, asset prices ceased rising and began to retrench as markets reevaluated the 
likely impact of events. International equity, foreign exchange, and commodities markets all 
dependably showed effects consistent with these changes in expectations. 

Forward-looking financial markets provide an excellent lens through which to view the eco-
nomic effects of the war because many of those effects will be felt through commodities markets, 
given that Russia and Ukraine are both important commodity exporters. 

The effects of the war on equity and currency assets appear to have depended on the economic 
exposure and geographic separation from the Russia-Ukraine region. In particular, currencies of 
commodity-exporting and geographically distant countries strengthened relative to those of com-
modity-importing and geographically near countries as the former (latter) had positive (negative) 
correlations with commodity price changes. Among individual equities, the stocks of commodity- 
producing firms, such as oil companies, tended to outperform the market, while stocks of firms 
that use commodities as intermediate inputs or produce commodity-consuming products, such as 
electrical generators, tended to underperform the market. 

Governments used economic policies to influence or even control the path of asset prices. 
Western nations released oil from strategic reserves to limit oil price hikes. Both the NBU and the 
RCB imposed capital and exchange controls to prevent capital flight, aid in revenue collection, and 
support their respective currencies. The NBU also fixed the value of the hryvnia from February to 
July. Such policies have costs as well as benefits, and their efficacy should be carefully considered.

In addition to affecting commodity, equity, and foreign exchange markets, casual analysis sug-
gests that the war substantially increased market perceptions of fiscal risks for G7 nations, that is, the 
risks of sovereign default and inflation. Although markets still judge these risks to be quite low, the 
perceived level of such risks increased substantially during the first two weeks of the war. ■



Neely Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

293

NOTES
1 SWIFT is a secure electronic messaging system designed to facilitate payments between international financial institutions. 

It was founded in 1973 and is chartered as a cooperative society under Belgian law (Kolhatkar, 2022). In 2012, the EU pro-
hibited Iranian banks from using SWIFT as part of sanctions against Iran (Hutton and Wishart, 2014).

2 The process is known as “risk arbitrage” because it involves accepting some risk while buying and selling for expected 
gain. This practice is related to pure arbitrage, which involves buying and selling the same asset in different markets for 
low and high prices, respectively, until the prices are equalized. 

3 Prior U.S. administrations discouraged EU nations from relying on Russian energy for this reason. 

4 This list of relatively low-income countries uses a $6,000 threshold for per capita income.

5 The series labeled “VIX” is the Chicago Board of Options Exchange (CBOE) VIX Index. Its price is a risk-neutral estimate of 
the volatility of the constant, 30-day expected volatility of the S&P 500 derived options. 

6 The potential errors in market responses to the one-off outbreak of the Russia-Ukraine war contrasts with the presumably 
much smaller errors in reactions to monetary policy events, such as forward guidance and/or the announcement of bond 
purchases. Markets have much more experience with the latter, which have occurred many times in many countries. 

7 Neely (1999) provides an introduction and in-depth discussion of capital controls. Davis et al. (2022) discuss the recent 
application of capital controls by the RCB. 

8 Exchange controls are regulations on the exchange of foreign and domestic monies, such as limiting withdrawals of for-
eign currency from bank accounts. Capital controls include exchange controls but also include any taxes or restrictions 
on international asset transactions, such as prohibitions on buying foreign stocks or bonds.

9 De Groot and Skok (2022) discuss the recent monetary history of Ukraine, usefully putting the wartime policy measures 
in the context of the structure of the Ukrainian financial system. 

10 Seignorage is revenue for a government produced by money creation. 

11 Note that the VIX series in Figure 2 is displayed with an inverted scale. Boubaker et al. (2022) examine equity market 
reactions in the first five days of the war, concluding that stocks from firms in countries with greater trade were more 
negatively exposed to war news, while Federle et al. (2022) identify a “proximity penalty” for firms geographically closer 
to Ukraine. 

12 The cumulative stock returns in Figure 3 can be considered normalized prices relative to S&P 500 prices. 

13 France, Germany, and Italy jointly account for slightly more than half of the euro area’s output. 

14 An econometrician might object to equation (1) because it implicitly suggests that commodity prices drive exchange 
rates, when exogenous shocks, such as those to preferences or technology, drive both sorts of asset price changes. One 
might defend the regression in equation (1) as justified by the assumption that during this sample, war shocks directly 
affected expected commodity returns and that exchange rates reacted to those. 

15 Equation (2) is subject to the same criticism as equation (1) in that both assume that commodity prices drive other asset 
prices, when market action jointly determines both types of variables after mediating the influence of exogenous shocks. 
That is, fundamental shocks hit financial markets that then simultaneously determine all returns. 

16 CDSs are not regulated like insurance, however. They are transacted in over-the-counter markets to allow financial insti-
tutions and individuals to hedge the risk of bond defaults. 
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Credit Expansion and Markups 

YiLi Chien, Hyungsuk Lee, and Junsang Lee

1 INTRODUCTION
There has been burgeoning interest in the linkages between macroeconomic fundamentals 

and firm market power in the United States. In July 2021, U.S. President Biden issued Executive 
Order 14036 to encourage competition within the U.S. economy to lower prices. Moreover, U.S. 
data show that the correlation between fluctuations in the aggregate markup and household debt has 
increased since the Great Recession. The correlation coefficient is 0.16—only slightly positive—
from 1980 to 2020, but the value increases to 0.50 from 2007 to 2020.1 These facts motivate us to 
investigate the dynamic effects of credit expansion on firm markups.

How does credit expansion affect firm market power?2 We try to answer this question empiri-
cally by using U.S. quarterly time-series data. By using Jordà’s (2005) local projection and single- 
equation estimation methods, our work studies the dynamic effects of credit expansion on the first 
and second moments of markup distribution. Our empirical findings show that both the aggregate 
markup and markup dispersion increase in response to a rise in private debt, the sum of household 

This article documents new empirical facts about the effects of credit expansion on the aggregate markup and 
markup dispersion in the United States. We use U.S. macroeconomic data and Jordà’s local projection and 
single-equation estimation methods. The results for both methods show that the aggregate markup and 
markup dispersion increase in response to both a firm debt shock and a household debt shock. The previous 
literature mostly focused on the effect of firm debt financing on firm markups. Extending previous research, 
our study shows that household credit expansion also plays a role in firm markups. This finding calls for 
further theoretical and analytical studies to understand the underlying mechanism regarding the effect of 
household credit expansion on firm markups. (JEL E31, E51, L11)
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debt and non-financial firm debt. In addition, our findings are robust to replacing private debt 
with either non-financial firm debt or household debt. Namely, firm markups not only respond to 
changes in firm debt but also to variation in household debt. While the previous literature mostly 
focuses on the effect of firm debt financing on firm markups, our study makes an additional and 
novel contribution: Household credit expansion could also play a crucial factor in determining 
firm markups.

Growing evidence indicates that firm markups and market concentration have increased in 
the United States and in other advanced countries.3 Loecker, Eeckhout, and Unger (2020) estimate 
a sharp increase in U.S. markups and link it to several macroeconomic phenomena, including 
declines in the labor share. Hall (2018) presents evidence of heterogeneous rises in firm market 
power in U.S. industries. Gutiérrez and Philippon (2017) show a clear increase in the concentration 
rates of firms in the United States and its adverse macroeconomic consequences.

Previous studies mostly use a corporate finance perspective to focus on firm markups. Our 
empirical finding is consistent with Chevalier and Scharfstein (1996a,b), who suggest empirically 
that liquidity-constrained firms tend to raise markups over a downturn, to gain additional con-
sumer surplus and hence boost their firms’ liquidity reserves. Campello (2003) also shows that 
firms use this pricing strategy because firms heavily rely on debt financing to delay investment in 
response to negative shocks.

Our novel finding suggests that there is also a positive relationship between household debt 
and markups. One plausible explanation is that credit expansion helps relax the household budget 
constraint and hence increases household demand, which then induces firms to adjust their price 
strategies in response to the amount of household expenditure. Consistent with this explanation, 
Chiu, Dong, and Shao (2018) show that high consumption by credit users raises the price level 
in a new monetarist model: Households with higher credit spend more, resulting in higher prices. 
According to Wang (2016), firms post different prices as buyers bring less money with higher infla-
tion. Because buyer demand becomes less sensitive, imperfect competitive firms have incentives to 
post higher markups. Our empirical results suggest that further theoretical and analytical research 
is required to reveal the effect of household credit expansion on markups.

The remainder of the article is organized as follows. Section 2 presents the data. Section 3 
describes the econometric specifications: local projection and single-equation estimation. Section 4 
provides the empirical results. Section 5 considers the effects of non-financial firm and household 
debt on markups. Section 6 concludes, and an appendix follows.

2 DATA
Our U.S. data are at a quarterly frequency from 1980:Q1 to 2020:Q3 and include private non- 

financial firms, household debt, the aggregate markup, markup dispersion, real gross domestic 
product (GDP), nominal GDP, and currency. Table 1 shows the data sources and sample periods. 
The summary statistics are provided in Appendix A3.

2.1 Private Debt: Household Debt and Non-Financial Firm Debt

We obtained data on U.S. household and non-financial firm debt from the Bank for International 
Settlements (BIS).4 Our use of private debt is defined as the sum of household debt and non-financial 
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firm debt. The private debt-to-GDP ratio is denoted by dt
PD. Moreover, the difference in the private 

debt-to-GDP ratio from period t –k to period t is denoted by Δkdt
PD.

2.2 The Aggregate Markup and Markup Dispersion

For markups, we use quarterly Compustat data, which is publicly listed U.S. firm balance sheets. 
The firm-level markups are computed based on a production approach that closely follows Hall 
(1988) and Loecker, Eeckhout, and Unger (2020): Markups are estimated from optimal firm deci-
sions for cost minimization. Denote the markup of firm i in period t as μit. Appendix A1 shows 
that the optimal decision of a firm implies the aggregate markup μit is given by 

(2.1) = ,V it it
it it V

it it

P Q
P V

 

where θit
V, Pit , Qit, Pit

V, and Vit  represent output elasticity, the output price, the output quantity, price 
of the variable inputs, and variable inputs of the variable inputs of firm i in period t, respectively. 

The revenue share of the variable inputs, it it
V
it it

P Q
P V

, is readily available in Compustat data. Following 

Loecker, Eeckhout, and Unger (2020), the output elasticity is set to be time-invariant at 0.85.5
The aggregate markup, denoted by μt, is calculated by =t it itm  , where mit  represents the 

weight of each firm and we use the share of sales in the data as the weight. Following Meier and 
Reinelt (2021), markup dispersion, vt is defined as a weighted variance of log markups: 

(2.2)  2it it= log( ) log( ) .t t
i

v m  

2.3 Currency, Nominal GDP, and Real GDP

Currency, real GDP, and nominal GDP data are taken from the Federal Reserve Bank of St. Louis 
FRED® database. The currency data we use is a specific component of M1, which is sometimes called 
“money stock currency.”6

Table 1
Data Sources and Coverage

Sample period Source

Aggregate markup 1980:Q1-2020:Q3 Compustat

Markup dispersion 1980:Q1-2020:Q3 Compustat

Private debt-to-GDP ratio 1980:Q1-2020:Q3 BIS

Household debt-to-GDP ratio 1980:Q1-2020:Q3 BIS

Non-financial firm debt-to-GDP ratio 1980:Q1:2020:Q3 BIS

Currency/NGDP 1980:Q1-2020:Q3 FRED®

Real GDP 1980:Q1-2020:Q3 FRED®

NOTE: NGDP, nominal GDP. 
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3 ECONOMETRIC SPECIFICATION
This section describes the econometric method used to investigate the dynamic relationships 

between private debt and markups. In Section 3.1, we first use the local projection method developed 
by Jordà (2005). In Section 3.2, we then present a single-equation estimation to further explore the 
dynamic effect of private debt on markups.

3.1 Jordà’s (2005) Local Projection

We use the Jordà (2005) local projection method to investigate the impulse responses of a 
private debt, dPD, shock to the aggregate markup and markup dispersion. Compared with standard 
vector-autoregression analysis, impulse responses from the local projection method are well suited 
for evaluating the validity of the dynamic relationships, since that method has been found to be 
more robust to misspecification, and readily allow for inclusion of the control variables. Following 
Ramey (2016), we employ the following econometric specification to estimate the impulse response 
function for each variable z at each horizon h: 

(3.1) 1= ( ) quadratic trend ,t h h h t h t t hz shock L         

where z is the variable of interest and shockt is the identified shock. θh is the estimate of the impulse 
response of z at horizon h to a shockt. γt is a vector of control variables, φh(L) represents a polyno-
mial in the lag operator, and αh is the constant. All regressions include two lags of the shock based 
on information criteria, the private debt-to-GDP ratio (dPD), log real GDP (log yt), 7 the log markup 
(log μt), markup dispersion (vt), and the currency-to-GDP ratio (m

y
).

These specifications also correspond to the standard vector-autoregression approach for identi-
fying when the private debt shock appears before other macroeconomic variables in the Cholesky 
decomposition. This order reflects the identifying assumption that the measure of the private debt 
shockt does not respond contemporaneously to innovations in zt . One potential problem with the 
Jordà (2005) method is the serial correlation of the error terms. To address these challenges, we 
employ Newey-West correction for the confidence interval.

To test a robustness check of our approach, we adopt a different specification of the local pro-
jection, following Mian, Sufi, and Verner (2017), and include a dummy variable for the Great 
Recession because there was large variation in household debt before and after the Great Recession. 
The robustness results are reported in Appendix B2.

3.2 Single-Equation Estimation

Following Mian, Sufi, and Verner (2017), we use single-equation estimation as an additional 
robustness check. The model specifications are 

(3.2) 
2 2 1 2 1 2 1
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(3.3) 
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where Δ2dPD, Δ2 yt –1, Δ2vt –1, Δ2 μt –1, and 2
1t

m
y 

  are the change in the private debt-to-GDP ratio, 

real GDP, markup dispersion, aggregate markup, and currency-to-GDP ratio, respectively, from 
three quarters ago to last quarter. Given that the right-hand-side variables are the change from 
three-quarters ago to last quarter, we vary the main variables of interest on the left- hand side from 
a contemporaneous period to further into various future periods. For example, with k = 3, βPD 
captures the effect of a rise in the private debt-to-GDP ratio from three-quarters ago to last quarter 
on the aggregate markup or markup dispersion from next quarter to three quarter into the future.

4 EMPIRICAL RESULTS
This section presents the estimated impulse responses of the aggregate markup and market 

dispersion to a private debt shock.

4.1 Results of Local Projection Method

Figure 1 plots the impulse responses of real GDP, the aggregate markup, markup dispersion, 
and the currency-to-GDP ratio to a positive private debt shock and shows 90 percent confidence 
intervals. The shock is set as a 1-percentage-point increase in the private debt-to-GDP ratio, and 
the confidence intervals are 90 percent bands based on Newey-West correction of standard errors. 
As indicated by Panel A of Figure 1, real GDP rises when credit expands in the short-term and 
exhibits a hump-shaped pattern. The estimates are statistically significant from the second quarter 
to the eleventh quarter within the 90 percent confidence level. This result is in line with the empirical 
result of Mian, Sufi, and Verner (2017), who use country-level panel data to show that credit expan-
sion raises real GDP in the short term.

Panel B of Figure 1 reports that the currency-to-GDP ratio declines in response to a positive 
private debt shock. From the third quarter after the shock, the estimates are statistically significant 
within the 90 percent confidence level. This empirical result indicates that credit and cash (money) 
are substitutes, a result consistent with Gillman (1993). Gillman (1993) documents that the consumer 
substitutes away from cash by using credit until the marginal cost of avoiding inflation equals the 
marginal inflation tax on the cash user. Berentsen, Menzio, and Wright (2011) also show that 
introducing credit leads to a downward shift in money demand. Berentsen, Hube, and Marchesiani 
(2015) argue that credit expansion lowers money demand and suggest that financial innovations 
can influence household money holding because consumers hold less money by using credit services. 

Panel C of Figure 1 shows that, in response to a positive private debt shock, the aggregate 
markup starts to increase one quarter after the shock. The increases are statistically significant in 
some quarters after the shock. This result suggests that credit services to economic agents could 
raise firm market power. Panel D of Figure 1 plots the impulse responses for markup dispersion. 
Similar to the result for the aggregate markup, markup dispersion increases starting one quarter 
since a private credit expansion shock.

t–1
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For a robustness check, we use a dummy variable for the Great Recession period, which we 
define as 2008:Q1 to 2010:Q2—since the NBER dates are December 2007 to June 2009. The results 
are reported in Appendix B1 and in Figure B1. In short, the directions and the degrees of the responses 
and significance are almost identical to those shown in Figure 1. These findings support and validate 
our main results.

4.2 Results from Single-Equation Estimation

The results from single-equation estimation are reported in Table 2 and indicate that the rise in 
private debt is positively correlated with the aggregate markup and markup dispersion and nega-
tively correlated with the currency-to-GDP ratio. The increase in private debt over the previous two 
quarters is positively related to the markup not only contemporaneously (as shown in Column 1) 
but also in two-quarter rolling windows in various future quarters (as shown in Columns 2 and 4). 
The estimates are all statistically significant below the 5 percent level. For markup dispersion, the 
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Figure 1
Local Projection Impulse Responses: Private Debt Shock

NOTE: The shock is set as a 1-percentage-point increase in the private debt-to-GDP ratio. The dashed lines present 90 percent confidence intervals 
computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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correlations (shown in the right panel of Table 2 are) are generally positive but less significant than 
those for markups . These results support our main argument that there is a positive dynamic rela-
tionship between private debt and markups.

5 RESULTS OF PRIVATE DEBT: HOUSEHOLD DEBT AND  
NON-FINANCIAL FIRM DEBT

Our measure of private debt is composed of household debt and non-financial firm debt. 
Obviously, household debt, such as consumer credit, is more related to the demand side of final 
goods and services. However, non-financial firm debt, such as commercial loans, directly affects 
the supply side of the economy. In this section, in order to show the dynamic effects of these two 
debt types on the aggregate markup separately, we estimate impulse responses caused by either a 
non-financial firm debt shock or a household debt shock. For both shocks, the econometric speci-
fication is identical to equation (3.1) except the shock variable is replaced.

5.1 Non-Financial Firm Debt

This subsection presents the estimated impulse responses of our main four variables of interest 
to a non-financial firm debt shock. Similar to the previous figure, Figure 2 also includes a 90 percent 
confidence interval for each variable. The shock is set as a 1-percentage-point increase in the non- 
financial firm debt-to-GDP ratio.

Panel C of Figure 2 demonstrates that an increase in the non-financial debt-to-GDP ratio raises 
the aggregate markup: The estimates are statistically significant for 10 of the 12 quarters. Panel D 
of Figure 2 also indicates that such a shock positively impacts markup dispersion: The estimates 
are statistically significant 1, 2, 9, 11, and 12 quarters after the shock. Our empirical finding is con-

Table 2
Results from Single-Equation Estimation

Dependent variable: Δ2 log μt+k , k = 0,1,2,3 Dependent variable: Δ2 vt+k , k = 0,1,2,3

(1) (2) (3) (4) (1) (2) (3) (4)

Δ2 log μt Δ2 log μt+1 Δ2 log μt+2 Δ2 log μt+3 Δ2 vt Δ2 vt+1 Δ2 vt+2 Δ2 vt+3

Δ2dPD 0.141**
(0.033)

0.243**
(0.003)

0.262***
(0.003)

0.200**
(0.024) Δ2dPD –0.026

(0.681)
0.119

(0.134)
0.175**

(0.025)
0.063

(0.432)

Δ2 log yt–1
0.040

(0.767)
–0.029
(0.848)

0.162
(0.307)

0.089
(0.585) Δ2 log yt–1

–0.056
(0.649)

0.046
(0.752)

0.135
(0.343)

0.049
(0.739)

Δ2 
m 2.009

(0.124)
1.793

(0.306)
2.790

(0.129)
1.354

(0.471) Δ2 
m –1.590

(0.187)
–0.568
(0.735)

2.053
(0.214)

1.572
(0.352)

Δ2vt–1
0.581***

(0.001)
0.327***

(0.001)
–0.147*
(0.089)

–0.117
(0.189) Δ2 log μt–1

0.494***
(0.001)

0.108
(0.132)

–0.222***
(0.002)

–0.181*
(0.013)

R 2 0.323 0.145 0.077 0.042 R 2 0.292 0.039 0.081 0.042

Observations 160 159 158 157 Observations 160 159 158 157

NOTE: Bold numbers indicate the βPD in equations (3.2) and (3.3). P-values are in parentheses and dually clustered. *, **, *** present significance 
at the 0.1, 0.05, and 0.01 percent levels, respectively. A constant is included but not reported. The data cover 1980:Q1 to 2020:Q3. 

t–1 t–1

yt–1 yt–1
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sistent with that of Chevalier and Scharfstein (1996a,b), who suggest that indebted firms raise their 
markup during a recession to earn additional profit to boost their liquidity reserves. Additionally, 
Campello (2003) suggests that firms heavily dependent on external debt financing raise their 
prices to postpone investment during a downturn.

We also perform a corresponding robustness check for this result by including a dummy vari-
able for the Great Recession period. The results are reported in Figure B2 in Appendix B. In brief, 
the directions, sizes, and significance levels of the impulse responses remain roughly unchanged.

5.2 Household Debt

This subsection presents the estimated impulse responses to a household debt shock. Figure 3 
demonstrates the results along with 90 percent confidence intervals. As indicated by Panel C of 
Figure 3, the aggregate markup increases in response to a positive household debt shock: The esti-
mates are statistically significant for 7 of the 12 quarters. Panel D of Figure 3 shows a positive 

A. Real GDP B. Currency-to-GDP ratio (%)

C. Aggregate markup D. Markup dispersion
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Figure 2
Local Projection Impulse Responses: Non-Financial Firm Debt Shock

NOTE: The shock is set as a 1-percentage-point increase in the non-financial firm debt-to-GDP ratio. The dashed lines present 90 percent confi-
dence intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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dynamic association between household credit expansion and markup dispersion: The estimates 
are statistically significant for 6 of the 12 quarters after the shock.

As in previous research, our empirical results imply that household credit expansion raises 
firm market power. To the best of our knowledge, this empirical result is a novel empirical finding 
in the literature. Several fundamental factors could explain such a result, and narrowing them down 
is beyond the scope of our study. However, one possible mechanism is firms adjusting their price 
strategies in response to economic agents’ expenditure. As borrowers relax their budget constraint 
to purchase more goods and services, firms can exploit their market power to optimally set markups 
for profit maximization.

This explanation is in line with the theoretical results found by Chiu, Dong, and Shao (2018) 
and Wang (2016). Chiu, Dong, and Shao (2018) show that higher consumption by buyers who 
take out credit drives up prices. Additionally, Wang (2016) documents that firms certainly post 
different prices as buyers bring less money to trade with inflation. As buyers hold less money and 
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Figure 3
Local Projection Impulse Responses: Household Debt Shock

NOTE: The shock is set as a 1-percentage-point increase in the household debt-to-GDP ratio. The dashed lines present 90 percent confidence 
intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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their demand becomes inelastic, firms with market power tend to post higher markups. Our result 
also suggests that further theoretical and analytical research is required on the dynamic effect of 
household credit expansion on markups. Further studies could complement previous literature, 
which mainly concentrates on the effect of non-financial firm credit on firm markups.

Finally, Figure B3 in Appendix B presents the results of the robustness check that includes a 
dummy for the Great Recession. Once again, the directions and degrees of the responses are almost 
identical to the results found in Figure 3.

6 CONCLUSION
Using U.S. macro data, we study the effects of credit expansion on the aggregate markup and 

markup dispersion. Our empirical results show that credit expansion raises the aggregate markup 
and markup dispersion. Many studies try to understand the cause of rising markups (e.g., Loecker, 
Eeckhout, and Unger, 2021; Meier and Reinelt, 2021; and Lu and Yu, 2015). The previous literature 
mostly focuses on the effect of firm debt financing on firm markups. Our study makes an additional 
empirical contribution: Household credit expansion could also play a crucial factor in determining 
firm markups.

Furthermore, our empirical results imply that managing excessive indebtedness is crucial not 
only for macro-prudential policy but also for minimizing welfare costs. Intuitively, higher firm 
market power could erode consumer welfare as well as reduce labor demand. It could also poten-
tially dampen investment in capital (Loecker, Eeckhout, and Unger, 2020), raise income and asset 
inequality (Han and Pyun, 2021), and discourage innovation. Given the important role played by 
firm markups, a better understanding of the underlying factors of the positive relationship between 
the aggregate markup and credit expansion found in this article is a first step in improving the 
quality and efficacy of conducting government policy to improve social welfare. Our novel empirical 
result, then, calls for more theoretical and empirical causal analysis. n



Chien, Lee, Lee Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

307

APPENDIX A1 THE AGGREGATE MARKUP: A PRODUCTION APPROACH
In each period t, consider a firm i that minimizes the cost given the production function,  

Qit = Qit(Ωit,Vit,Kit), where Vit is the vector of the variable inputs of production (intermediate inputs, 
including labor, and materials), Ωit is productivity, and Kit is the capital stock. The key assumption 
is that within one period, variable inputs adjust, whereas capital is subject to adjustment costs and 
other frictions. The Lagrangian objective function related with firm cost minimization is then 
given by 

     , , = ,V
it it it it it it it it it it itV K P V r K F Q Q     

where PV represents the price of the variable inputs, r presents the user cost of capital, F is the fixed 
cost, Q– is a fixed output target, and λ presents the Lagrange multiplier. Then, the first-order condi-
tion with respect to the variable inputs Vit is derived as 

   = 0.V
it it

it

Q
P

V


 




Multiplying the equation above by it

it

V
Q

 and rearranging terms yields an expression for the output 

elasticity of inputs V, denoted by θit
v : 

   1= = ,
V

v it it it
it

it it it it

Q V P V
V Q Q




 


where the Lagrange multiplier λ is a direct measure of the marginal cost. By defining the aggregate 
markup as the price marginal-cost ratio, the above equation can be rewritten as 

 = .vit it it
it V

it itit

P P Q
VP

 




The aggregate markup is derived without specifying conduct or a particular demand system. By 
using this approach to estimate the markup, there are, in principle, multiple first-order conditions 
that yield an expression for the aggregate markup. Despite which variable inputs of production are 
used, two key ingredients are needed to measure the aggregate markup: the output elasticity of the 

variable inputs, θit
v , and the revenue share of the variable inputs, 

V
it it

it it

P V
P Q

.

APPENDIX A2 U.S. MARKUP DATA
We use quarterly firm-level balance sheet data for listed U.S. firms for the period 1980:Q1 to 

2020:Q3 from Compustat North America. Following Loecker, Eeckhout, and Unger (2020), we 
use the North American Industry Classification System. Particularly, we observe measures of input 
expenditure and sales, detailed industry activity classifications, and capital stock information. We 
will utilize to measure the variable input which is the cost of goods sold (COGS). It bundles all 
expenses directly related to the production of the goods sold by the firm and includes materials 
and intermediate inputs, labor costs, and energy.
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APPENDIX A3 DATA SUMMARY STATISTICS
Table A1 shows summary statistics for the variables considered in our study. The table shows 

that the total private debt-to-GDP ratio, dt
PD, which is the sum of household and non-financial 

firm debt, increased by 0.38 percentage points a quarter on average, while the household debt-to-
GDP ratio and non-financial firm debt-to-GDP ratio increased by 0.18 and 0.20 percentage points, 
respectively. The aggregate markup and markup dispersion increased by 0.28 percentage points 
and 0.16 percentage points a quarter on average, respectively.

In addition, the evolution of private debt, the aggregate markup, and markup dispersion are 
plotted in Figure A1. Similar to Loecker, Eeckhout, and Unger (2020) and Meier and Reinelt (2021), 
the aggregate markup and markup dispersion show clear increasing patterns. According to Loecker, 
Eeckhout, and Unger (2020), the increase in the aggregate markup is driven mainly by the upper 
tail of the markup distribution, while the median is unchanged. There is also a strong positive cor-
relation between markup dispersion and private debt, since the 1980s. Figure A1 also plots the aggre-
gate markup and markup dispersion with the private debt series. As shown in the figure, there is a 
strong positive correlation between markups and private debt. Since 1980, the aggregate markup, 
markup dispersion, and private debt have all exhibited upward trends.

As shown in Figure A1, the non-financial firm debt-to-GDP ratio is highly correlated with both 
the aggregate markup and markup dispersion. The household debt-to-GDP ratio relates positively 
to both markups and markup dispersion until 2009. After 2009, the household debt-to-GDP ratio 
decreases while both the aggregate markup and markup dispersion continue to trend upward. The 
decline in household debt is driven mainly by the decline in mortgage debt caused by the housing 
crash of the Great Recession.

Table A1
Summary Statistics

N Mean Median

Δ log y (Log real GDP) 162 0.62 0.69

ΔdPD (Private debt-to-GDP ratio) 162 0.38 0.40

ΔdHH (House debt-to-GDP ratio) 162 0.18 0.20

ΔdNFD (Non-financial firm debt-to-GDP ratio) 162 0.20 0.20

Δ log μ (Log aggregate markup) 162 0.28 0.08

Δv (Markup dispersion) 162 0.16 0.22

Δm (Currency-to-GDP ratio) 162 0.03 0.02

NOTE: Changes in log and ratios are multiplied by 100 to present changes in percent or percentage points. The data cover 
1980:Q1 to 2020:Q3. 

y
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Figure A1
The Aggregate Markup, Markup Dispersion, and Debt Series

NOTE: The data cover 1980:Q1 to 2020:Q3. dPD, dNFD, and dHHD are the private debt-to-GDP ratio, non-financial firm debt-
to-GDP ratio, and household debt-to-GDP ratio, respectively. 
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APPENDIX B1 ROBUSTNESS TEST
In this appendix, we report the results of robustness tests. First, we employ the dummy variable 

for the Great Recession period, since that period had an unusual increase in U.S. household debt. 
Second, we use an alternative model specification of the local projection method that follows closely 
Mian, Sufi, and Verner (2017).

B1.1 Dummy Variable for the Great Recession

Figure B1 presents the response for an increase in private debt on our variables of interest, 
which include a dummy variable for the Great Recession. The shock is measured as a 1-percentage- 
point increase in the private debt-to-GDP ratio. The directions and degrees of the responses are 
almost identical to the main results in Figure 1. These results, therefore, provide support for the 
robustness of the main results. 

A. Real GDP B. Currency-to-GDP ratio (%)

C. Aggregate markup D. Markup dispersion
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Figure B1
Impulse Responses with Dummy Variable: Private Debt Shock

NOTE: The shock is measured as a 1-percentage-point increase in the private debt-to-GDP ratio. Dashed lines present 90 percent confidence 
intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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Figures B2 and B3 present the impulse responses of an increase in non-financial firm and 
household debt to our variables of interest, respectively. The directions and degrees of the responses 
are almost identical to the main results in Figures 1 and 2. 

A. Real GDP B. Currency-to-GDP ratio (%)
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Figure B2
Impulse Responses with Dummy Variable: Non-Financial Firm Debt Shock

NOTE: The shock is measured as a 1-percentage-point increase in the non-financial firm debt-to-GDP ratio. Dashed lines present 90 percent 
confidence intervals computed using Newey-West standard errors. 
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B1.2 Alternative Specification of Local Projection Following Mian, Sufi, and Verner (2017)

Following Mian, Sufi, and Verner (2017), we construct an alternative specification of the local 
projection method, which includes five variables: the private debt-to-GDP ratio (dPD), the log of 
real GDP (log yt), the log of the aggregate markup (log μt), markup dispersion (vt), and the currency- 

to-GDP ratio (m
y

). The impulse responses are given by the sequence of coefficients {βPD} estimated 

from the following specification, for h = 1,…,12: 

(B1) 
1 1 , , ,

=1 =1 =1
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Figure B3
Impulse Responses with Dummy Variable: Household Debt Shock

NOTE: The shock is measured as a 1-percentage-point increase in the household debt-to-GDP ratio. Dashed lines present 90 percent confidence 
intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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where xt is our variables of interest: the log aggregate markup and log markup dispersion. Xt is a 
vector of control variables, and T h is vector of coefficients. Xt includes additional control variables, 
such as lagged polynomials for the dependent variable, in the spirit of local projection. Based on 
the information criterion, we set p = 2 To correct the serial correlation of the error terms, we employ 
Newey-West correction for the confidence intervals. We control for the effects of past shocks by 
including lags of the dependent variable. Mirroring our main analysis, we implement the impulse 
responses to the private debt, non-financial firm, and household debt-to-GDP shocks. 

B1.2.1 Private Debt Shock. Figure B4 shows the response results under this alternative specification. 
Compared with the main analysis (see Figure 1), the overall significance level of the responses 
becomes stronger. The directions and degrees of the responses to the private debt shock are similar 
to those in our main results. These alternative results, therefore, support our main findings. 

B1.2.2 Non-Financial Firm Debt Shock. Figure B5 plots the responses for our main variables of 
interest in response to a positive non-financial firm debt shock. The econometric specification is 
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Figure B4
Impulse Responses in the Alternative Specification: Private Debt Shock

NOTE: The shock is measured as a 1-percentage-point increase in the private debt-to-GDP ratio. Dashed lines present 90 percent confidence 
intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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identical to equation (B1) except we substitute private debt with non-financial firm debt. Both the 
aggregate markup and markup dispersion clearly increase in response to the shock. The significance 
level for real GDP improves, while the directions and degrees of the responses to a private debt 
shock are similar to those in our main results in Figure 2. 

B1.2.3 Household Debt Shock. The results for responses to a positive household debt shock are 
shown in Figure B6: Both the aggregate markup and markup dispersion are positive. In comparison 
with the main analysis in Figure 3, the significance levels for the aggregate markup and markup 
dispersion obviously improve. Moreover, the directions and degrees of the responses to a household 
debt shock are similar to those in our main results. 
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Figure B5
Impulse Responses in the Alternative Specification: Non-Financial Firm Debt Shock

NOTE: The shock is measured as a 1-percentage-point increase in the non-financial firm debt-to-GDP ratio. Dashed lines present 90 percent 
confidence intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 
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NOTES
1 We use the Hodrick-Prescott filter on markup and household debt data to compute the cyclical correlation. Household 

debt data comes from the Bank for International Settlements (BIS). We compute the quarterly markup data by using 
Compustat, following Loecker, Eeckhout, and Unger (2020). See the details in Section 2.

2 According to Pindyck and Rubinfeld (2013) and Goolsbee, Levitt, and Syverson (2016), market power is a firm’s ability to 
adjust the prices of the products it sells.

3 Although the magnitude of this increase, and whether it can readily be interpreted as evidence of rising corporate market 
power, remains debated (Basu, 2019; Hall, 2018; and Reenen, 2018).

4 Credit is defined as sum of loans and debt securities from banks and non-bank financial institutions.

5 Loecker, Eeckhout, and Unger (2020) document that the pattern of a markup with fixed output elasticity at 0.85 is similar 
to that of a markup with estimated output elasticities. Furthermore, Meier and Reinelt (2021) assume that firms within 
the same two-digit industry quarter have a common output elasticity.

6 Currency: https://fred.stlouisfed.org/series/CURRNS; nominal GDP: https://fred.stlouisfed.org/series/GDP; and real GDP: 
https://fred.stlouisfed.org/series/GDPC1.
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Figure B6
Impulse Responses in the Alternative Specification: Household Debt Shock

NOTE: The shock is measured as a 1-percentage-point increase in the household debt-to-GDP ratio. Dashed lines present 90 percent confidence 
intervals computed using Newey-West standard errors. The data cover 1980:Q1 to 2020:Q3. 

https://fred.stlouisfed.org/series/CURRNS
https://fred.stlouisfed.org/series/GDP
https://fred.stlouisfed.org/series/GDPC1
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7 Ramey (2016) argues that even if there is a deterministic and stochastic trend or cointegration relationship between the 
variables, employing a log-level variable can give consistent estimates. Sims, Stock, and Watson (1990) demonstrate that 
even though variables can show stochastic trends and might be cointegrated, the log of levels specification gives con-
sistent and stable estimates. While one might be tempted to pre-test the variables and impose the cointegration relation-
ships and unit root to efficiency. Following Ramey (2016) and the recent literature, we take the log of GDP, including the 
time trend.
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1960s Interstate Highways and  
Homeowner Wealth Distribution

Jeffrey P. Cohen, Nicholas Lownes, and Bo Zhang

INTRODUCTION
Many interstate highways in the United States were built at a time of dramatic changes in 

America’s land-use patterns. Where they were built may be correlated with homeowner wealth 
differences across various demographic groups that lived near the planned highways. Housing is 
the largest expenditure item for many American households, and it is one of the major mechanisms 
for households to accumulate wealth. The introduction of new highways can be associated with 
land-use pattern changes and the values of real estate nearby. Geospatial analyses are crucial tools 

This article studies house-level real estate wealth distribution changes nearby a major interstate highway, 
comparing values before the announcement of the highway’s construction (1940) with those during and 
shortly after the construction period (1961-74). We also develop Lorenz curves to examine the distribution 
of housing wealth among various demographic groups of homeowners. First, we find that properties at least 
a half-mile away from I-84 experienced statistically significant appreciation (on average). Houses further away, 
in 0.25 mile increments up to 1.25 miles, appreciated less. Our Lorenz curves exhibit a small inequitable 
distribution of wealth gains among all homeowners experiencing appreciation. But there was a large ineq-
uitable distribution of wealth losses among homeowners whose houses depreciated in value during and after 
construction compared with 1940 (pre-announcement). The Lorenz curves imply that, for the 10th percentile 
of homes with wealth increases, the majority-White-population Census tracts experienced over 25 percent 
higher house price appreciation than the majority-Black-population Census tracts. Finally, we observe that 
approximately 0.5 percent of the houses in our 1940 Census sample of around 2,500 homes had a Black 
homeowner. (JEL R3, R4)
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to examine highways and wealth distribution. Relatively little research has been published on the 
relationships between the introduction of the U.S. interstate highway system and household-level 
real estate values. The major focuses of this research are to leverage geospatial analysis to test the 
hypothesis that house values have risen near a highway and to explore the homeowner wealth 
distribution among various levels of house prices and across demographic groups (i.e., houses in 
neighborhoods with majority-Black populations and majority-White populations). 

The objectives of this research are to consider the above-described issues for one particular 
interstate highway in Hartford, Connecticut. Specifically, we (i) use regression analysis to evaluate 
how the implementation of Interstate 84 (I-84) in Hartford, Connecticut (the state capital), is cor-
related with real estate values over the 20-to-30-year period spanning from the planning stages 
(circa 1940) through the years near the opening of the highway (1961-74) and (ii) construct Lorenz 
curves to demonstrate visually how this homeowner wealth creation varied across different groups 
of residents in Hartford, Connecticut. 

To accomplish these objectives, several tasks have been undertaken. Data have been manually 
collected on nearly 2,500 home values near I-84 from the 1940 Census (before the development of 
the interstate highway plans) and matched with the corresponding home values from when the 
homes sold between 1961 and 1974 (after the opening of I-84 in Hartford). For each property 
address, we then have two observations on that property’s estimated value: one from 1940, before 
the development of the interstate highway system, and one from between 1961 and 1974. These 
data were geocoded and maps developed that demonstrate how the appreciation/depreciation in 
property values (i.e., “wealth” changes) have varied across these homes. Included among these 
maps is one showing percentage changes for properties that appreciated or depreciated and one 
showing dollar ranges for house value appreciation/depreciation. While some patterns are evident 
from visual inspection of these maps, a more rigorous analysis using multiple regression analysis 
finds the following correlations.

First, we find insignificant statistical evidence of depreciation between 1940 and the 1961-74 
period for houses that are very close to the highway (i.e., within 0.25 miles), after holding constant 
other factors.1 Second, properties that are 0.5 miles or more away from I-84 experienced 55 percent 
appreciation, and as the distance to I-84 increases, the appreciation is less, falling to 27 percent 
appreciation for houses within 1.25 miles. But at a distance of within 1.5 miles from I-84, property 
values appreciate again, rising to 45 percent, as those houses are closer to another interstate highway 
(I-91). Next, we find that properties that were worth more in 1940 actually appreciated less between 
1940 and the 1961-74 period, after controlling for highway proximity and drive time to I-84. 

For properties that increased in value between 1940 and the 1961-74 period, there was an 
inequitable distribution of wealth gains. When comparing Census tracts with a majority- (more 
than 50 percent) Black population and tracts with a majority-White population (based on 1960 
tract-level Census data), there are some differences. As one example, we consider the 10th percentile 
of homes with price appreciation in these two demographic groups. The house price appreciation 
inequality among tracts with majority-Black populations was over 25 percent higher than among 
tracts with majority-White populations. The racial disparity in housing wealth accumulation over 
this period may have precluded many Black residents from accruing housing wealth in the same 
manner as other residents. This finding is underscored by our observation that approximately 0.5 
percent of the houses in our 1940 Census sample of nearly 2,500 homes had a Black homeowner 
(based on 1940 Census individual-level demographics). 
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We also develop Lorenz curves to examine the extent of housing wealth inequality among the 
homeowners near I-84 who experienced property value decreases. There was a relatively small 
number of properties that experienced declines in value, but there was a large inequitable distribu-
tion of wealth losses among homeowners whose houses decreased in value. For instance, more than 
70 percent of the wealth losses that occurred with the construction of I-84 were experienced by 
roughly 20 percent of the homeowners.

From a policy perspective, our findings could support future planning and policy to reconfig-
ure and revamp I-84 (i.e., elevated, at grade level, or underground) given its current state of age- 
related deterioration. This research is also intended to lay the foundation for future research using 
similar techniques to address these issues for other U.S. cities where interstate highways have been 
built. It is important as a potential methodology to place a value on the interstate highway system 
in the United States. It can additionally be used as a tool for comparing inequality in real estate 
wealth accumulation within and across cities due to interstate highway construction, enabling 
researchers to uncover new information about where the net benefits of highway construction have 
been equitable or inequitable. These regional disparities could also inform future highway con-
struction decisions that may be helpful to policymakers choosing how to allocate future highway 
construction funds across different regions of the United States. Other transportation modes (e.g., 
transit or airports) could be amenable to these techniques as well.

The remainder of this article is organized as follows. The next section presents a review of the 
literature on highways, wealth distribution, and real estate values. A detailed description of the 
data gathered and some geographic information system (GIS) maps that provide visual evidence 
on real estate value changes are presented before the description of methodologies for achieving 
the objectives. The methodologies consist of regression analysis and Lorenz curves. Finally, we 
conclude with a summary and discussion of potential directions for future research. 

LITERATURE REVIEW
There has been extensive research on the linkage between highway infrastructure and economic 

performance. Much less research has focused on analysis of how proximity to a highway correlates 
with real estate wealth, going back to the dates of the announcement of the original plans for inter-
state highways. The issue of real estate wealth accumulation—resulting from the announcement of 
an original highway in the interstate system—has not been explored. 

The existing studies generally agree on the positive role investments in transport infrastructure 
play in producing strong economic benefits and fostering growth (Congressional Budget Office, 
2015, and Council of Economic Advisers and National Economic Council, 2014). These findings 
have justified government funding for new and improved transportation infrastructure.

However, there is no overarching consensus on the magnitudes of the economic impacts of 
highway investment, because estimates of the impacts vary greatly. A broad literature on highway 
infrastructure studies has focused on a variety of economic impacts, such as gross domestic product, 
employment, productivity, production costs, and other considerations.2 

In fact, Boarnet (1998) has found that highway infrastructure improvement in some areas (in 
this case counties) can draw away the most productive resources from neighboring areas (counties), 
which implies a negative effect of nearby infrastructure investments. Also, externalities from infra-
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structure investments in some locations, such as noise and air pollution, may have detrimental effects. 
It is also possible that the positive effects of highway infrastructure may dominate the negative 
effects in some locations, while at other locations the opposite may hold. Although many of the 
studies described above have become widely accepted benchmarks for measuring the macroeco-
nomic impacts of public highway infrastructure on the economy as a whole or of a particular sector 
(such as manufacturing), relatively little research has been published on the household-level wealth 
distribution associated with highway investment.

The announcement of highway improvements such as new construction can substantially change 
the values of properties nearby (with a net effect being either positive or negative, as described below). 
This change in home equity for the average household due to the potential benefits from access to 
highways (e.g., enhanced access to the city center and/or to other cities) is called “capitalization.” 
The capitalization of highways into house values is similar to the case for other amenities. Similarly, 
it is possible that proximity to highways can lead to negative impacts, such as air pollution and noise, 
which can also be capitalized into house prices. In other words, since the impacts of highways are 
capitalized into house prices, examining the impacts of highways on household wealth by analyzing 
house values could generate useful insights on wealth accumulation.

These observations naturally lead to the research question of the net benefits—either positive 
or negative—that households receive and the distribution of those benefits across society. Housing 
is the largest expenditure item for average American households, and it is one major mechanism 
for households to accumulate wealth. But there are disparities across demographic groups—for 
instance, the homeownership rate among the Black population is significantly less than among the 
White population (Perry and Ratcliffe, 2021). This finding implies the possibility of less capitalization 
for Black residents over time, as the house price increases from benefits of highway accessibility 
may not be reaped by Black residents in the same magnitude as by White residents.

In the U.S. context, Allen, Austin, and Swaleheen (2015) study Interstate 1-10 in Orlando, 
Florida. They find an accessibility benefit of 2.5 percent higher house prices for homes with a shorter 
drive time from the highway but a nuisance discount (from noise and congestion) of 4 percent for 
properties next to the highway. Chernobai, Reibel, and Carney (2011) consider Interstate 210 in 
the Los Angeles area and underscore the importance of nonlinear effects on property values. They 
find relatively low benefits for properties closest to the highway but increasing benefits for properties 
up to an optimal distance from the highway, beyond which the benefits fall. These nonlinear effects 
motivate our analysis of multiple distance bands, or cutoffs, which also yield different proximity 
effects in our context for proximity to I-84. Chernobai, Reibel, and Carney (2011) also find that 
there are essentially no “announcement” effects; most beneficial impacts on home values occur 
immediately or very soon after the completion of construction and opening of a highway.3

This literature review underscores the need for the empirical analysis of how highways have 
been correlated with housing wealth accumulation. Also, analysis of the wealth distribution asso-
ciated with house price changes near new interstate highways would be desirable. These are among 
the focal points of our methodologies below. 

APPROACH
There are several prongs to our analysis of real estate wealth accumulation and wealth inequality 

associated with new interstate highways. Regression analysis—and more specifically, a variation of 
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a long-differences approach—is a useful analytical tool for this problem. Separately, changes in the 
values of real estate near the highways, between 1940 and the 1961-74 period, can be visually demon-
strated using GIS mapping. Because examination of these changes over time can also be useful in 
determining whether there is a severe degree of inequality in the distribution of wealth changes, 
we plot these changes using Lorenz curves. Below we discuss these methodologies in detail as 
applied to the problem of determining how the announcement and construction of I-84 has been 
correlated with real estate wealth changes, the spatial distribution of the changes in property values 
over the period under consideration, and the extent of any potential inequality in the accumulation 
of real estate wealth during the period. 

Specifically, we estimate a hedonic house price long-differences model, with the change in value 
of each individual property, i, in 1940 and the 1961-74 period (i.e., before versus after the announce-
ment and construction) as a function of distance from property i to the highway. In this specifica-
tion, the time-invariant property characteristics drop out of the long-differenced hedonic house 
price function.4 We use the Case-Shiller home price index to control for national-level increases in 
real estate values over the 1940 to the 1961-74 period (Shiller, 2015). Also, to control for general city-
wide price differences across various years in the 1960s, we include a dummy (i.e., 1/0 indicator) 
variable for each year of the sample (in the years 1962-74), with 1961 as the base year. To control 
for variation across geographic space, we include a dummy variable for each Census tract. We also 
use the initial value of houses in 1940 as a control variable in the regression analysis. Starting with 
the basic relationship, more formally, this specification can be written as

(1) %ΔVit = f(Hit ,X,DC ,Dt) + εit ,

where Vit is the property value of house i in year t ; Hit is the proximity to the highway for house i 
in year t ; Dt is a dummy variable that equals 1 if observation i sold in year t during the 1961-74 
period and zero otherwise; DC is a dummy variable that equals 1 if observation i was in Census 
tract C; and %ΔVit is the percent difference between the assessed value of property i in the 1961-74 
period and the value of the property in 1940, after adjusting the 1961-74 values for “inflation” in 
home prices since 1940 using the national-level Case-Shiller single-family home price index (Shiller, 
2015). The variable Hit is a dummy variable that takes the value of 1 if a house is “close” to the high-
way and zero otherwise. Varying definitions of close are considered in the regressions, ranging in 
0.25-mile increments from 0.25 miles to 1.50 miles. The variable X represents other control variables, 
which may include the value of the property in 1940 and possibly other control variables in more 
general settings when such data are available. With the assumption of long-differences using ordi-
nary least squares with fixed effects, a simplified version of the model (1) is 

(2) %ΔVit = β1 + β2 * Hit  + β3Xi + βCDC + βtDt + εit ,

where β1, β2, β3, βC , and βt  are parameters to be estimated and DC and Dt are fixed effects (or indi-
cator variables). DC is a fixed effect that controls for the Census tract where property i is located, 
and Dt is a fixed effect for the year in the 1961-74 period when property i was sold. Xi is the value of 
property i in 1940. Finally, εit  is a random error term assumed to be a normal distribution with mean 
zero and constant variance. Including X as a regressor enables controlling for how more-valuable 
properties experienced price changes between 1940 and the 1961-74 period. Results from equation 
(2) are presented below, with varying proximity definitions.
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An alternative way to view the changes in homeownership wealth over time is to develop a set 
of GIS maps showing how individual property values changed between 1940 and the 1961-74 period. 
The GIS maps for the area include the location of the I-84 highway (as well as another major highway 
built in the 1960s—I-91—although our focus is on properties near I-84). The I-84 maps also include 
a set of “buffer” zones, shown in various shades of grey, denoting 0.10, 0.25, and 0.50 miles, etc., 
from I-84. The intent is to visually demonstrate how many properties in the sample are located 
close to or slightly farther away from I-84. 

Finally, inequality in the accumulation of wealth from housing is demonstrated visually with 
Lorenz curves. Separate sets of Lorenz curves are developed—one for properties that appreciated 
after the development of I-84, and another for properties that depreciated after the highway develop-
ment—compared with the values of the same properties in 1940 (i.e., before the announcement 
and construction of the highway). Lorenz curves demonstrate whether a small number of home-
owners realized a disproportionate gain in wealth. For instance, in Figure 1, percentiles of home-
owners with wealth increases are on the horizontal axis and the wealth change corresponding to 
each percentile of homeowners is on the vertical axis. The dashed line is the set of points observed 
in the house value appreciation data: If the line is below the 45-degree line, it implies a dispropor-
tionately small amount of wealth is realized by a large proportion of homeowners. But if the dashed 
line is very close to the 45-degree line, it represents a relatively equitable distribution of wealth from 

100

100

No inequality

Inequality

Total of all house prices increases (wealth accumulation) (percent)

Houses with higher sale price in 1961-74 than their value in 1940 (percent of total sales)

Figure 1
Lorenz Curve: How Do Wealth Changes Track Number of Property Owners? Example of 
Relative Inequality

NOTE: The x-axis denotes the percent of total houses that sold during the 1961-74 period (between 0 and 100). The y-axis 
denotes the total (or sum) of all house prices increases (between 1940 and the 1961-74 period), expressed as a percent 
between 0 and 100.

SOURCE: Authors’ adaptation of Nijssen, Rousseau, and Van Hecke’s (1998) general exposition of Lorenz curves for inequality.
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house price appreciation. If the dashed line is above the 45-degree line, which may occur due to a 
disamenity such as noise or pollution, for instance, then a large portion of this disamenity is dis-
tributed to a small proportion of the population. One objective of this study is to examine whether 
there is equity or relative inequality in the distribution of housing wealth accumulation. Separately, 
we consider those properties that experienced a decrease in value after the opening of I-84 and then 
whether the depreciation in wealth wass disproportionately borne by a small percent of homeowners. 
We also consider how the Lorenz curves differ in majority-Black- and majority-White-population 
Census tracts. 

DATA
One approach to comparing housing wealth accumulation before versus after the highway 

announcement and opening is to examine individual house prices from before (1940) and after 
(the 1961-74 period) the announcement. Data on property-level residential real estate values from 
recent decades (going back to the early 2000s) are typically well-documented and generally available 
from a variety of sources. But earlier data—such as from the 1960s—sometimes exist and sometimes 
not, depending on the city. When they do exist, usually they are in hard-copy format and involve 
intensive digitization efforts. Similarly, the house value data from the 1940 Census is available on 
microfiche in most public libraries but also often need to be digitized (unless the researcher has 
access to the 1940 Census data that is available through IPUMS, which we did not have at the time 
of this research). The analysis here relies on house value data from the 1940 Census and the corre-
sponding data from the 1961-74 period. The research team obtained these data by compiling and 
then digitizing hard copies of land records from the City of Hartford Assessor’s Office.

While the entire U.S. interstate highway system, for example, constitutes a complex inter- 
connected network, which was planned and built over decades, it is possible (and relatively tractable) 
to analyze the local impacts in one city by using a counterfactual approach. This approach is based 
on repeated observations for the same properties. For instance, in Hartford, Connecticut, the prop-
erty-level sales data available through the assessor’s hard-copy land records were traced back to 
the early 1960s. The timeframe under consideration is crucial because it enables examination of 
how property values changed over an extended period of time where property value information 
is available for specific properties—both before and after the announcement of the interstate high-
ways in a major city. See Figure 2 for a map of Connecticut and the major interstate highways. It is 
noteworthy that several of the largest cities in the state—including the state capital of Hartford—
have major highways passing directly through these cities.

This study centers on the assessed values of single-family residences near I-84 in Hartford that 
sold in the 1961-74 period. For each of those residential addresses near I-84 in Hartford, the publicly 
available 1940 U.S. Census files were used to obtain information on the exact property addresses, 
whether each property was owned or rented, and the associated residential property values (if 
owned).5 By comparing the property appreciation—that is, the difference between the assessed 
values of the properties in the 1961-74 sample and the estimated values of the same properties in 
the 1940 Census—we obtain estimates of wealth accumulation (through home value appreciation 
or depreciation). The 1961-74 period sample was collected based on the properties in and around 
the highway in multiple Census tracts (with 1960 Census tract boundaries indicated on the maps). 



Cohen, Lownes, Zhang Federal Reserve Bank of St. Louis REVIEW . Fourth Quarter 2022

324

The key feature of a property included in our 1961-74 period sample was that it needed to have 
data in the 1940 Census files and also have been sold in the 1961-74 period (around the time the 
highway opened). There were few sales of single-family housing in the downtown area that met 
these criteria. There were also few houses very close to the highway (within 0.10 miles), presumably 
because most of the houses in that vicinity were destroyed for the construction of the highway 
(and were therefore not there in the 1960s). 

To purge the effects of general home price appreciation throughout the United States, the 
1961-74 prices are deflated using the Case-Shiller home price index.6 Figure 3 shows the overall 
U.S. price fluctuations of residential real estate from 1890 to 2018.

The collection of the 1940 Census data for this research was a very labor-intensive process, as 
the data were located on microfiche in the West Hartford Public Library (through Ancestry.com) 
and had to be manually entered into an Excel spreadsheet for the approximately 2,500 properties in 
the analysis. Before the 1940 Census data were collected, the property information for those single- 
family homes in Hartford near I-84 that sold in the 1961-74 period had to be manually entered into 

Figure 2
Current Interstate Highways in the State of Connecticut

NOTE: Hartford, the state capital, is located slightly north of the center of Connecticut, where I-84 and I-91 intersect. I-84 
stretches from the west at the New York State border to the northeast at the Massachusetts border. The prefix “I-” represents 
an interstate highway.

SOURCE: Authors’ calculations and ArcGIS. 
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Figure 3
Case-Shiller House Price Index, 1890-2018 (1890 = 100)

NOTE: This Case-Shiller house price index is used to deflate the house values in Figures 4 and 5 when calculating the 
change in house values between 1940 and the 1961-74 period. 

SOURCE: http://www.econ.yale.edu/~shiller/data/Fig3-1.xls. 

Table 1
Descriptive Statistics: Houses That Sold in the 1961-74 Period Near I-84 in Hartford

Real home value change 
(percent), 1940 to the  

1961-74 period

Percent 
within  

0.25 miles

Percent 
within  

0.50 miles

Percent 
within  

0.75 miles

Percent 
within  

1.00 mile

Percent 
within  

1.25 miles

Percent 
within  

1.50 miles

Home  
value  
(1940)

Mean 250.59 3 11 24 37 54 72 $6,063

Median 149.49 0 0 0 0 100 100 $5,000

Maximum 5,206.66 100 100 100 100 100 100 $82,600

Minimum –78.82 0 0 0 0 0 0 $250

SD 331.33 16 32 42 48 50 45 $4,953

N 2,494 2,494 2,494 2,494 2,494 2,494 2,494 $2,494

NOTE: SD, standard deviation.

SOURCE: 1940 Census data, City of Hartford assessor, and authors’ calculations.

http://www.econ.yale.edu/~shiller/data/Fig3-1.xls
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an Excel spreadsheet. The 1961-74 data include the property address, the sale price, and the assessed 
value of the property at the time of the sale. The addresses of the 1940 Census data properties were 
then matched with the properties that sold in the 1961-74 period, leading to two observations for 
each of the approximately 2,500 properties in the dataset: one before the announcement and con-
struction of I-84 (in 1940) and another from the construction period.7 

Finally, a 1940 GIS layer8 street map of the City of Hartford was used together with the proper-
ties in the dataset described above to geocode and overlay the property information and the loca-
tion of I-84. Distance between each property and I-84 was calculated. A set of descriptive statistics of 
the data is in Table 1. The sample size in Table 1 is 2,494 and includes all observations with matched 
1961-74 property sales data and 1940 Census data. In the regression analysis presented in Table 2 
in the results section, properties with a 1940 home value less than $1,000 were dropped from the 
sample, yielding 2,477 observations.

In the neighborhoods near I-84 in Hartford, the mean home value change was approximately 
250 percent between these time periods, with a median home value change of 150 percent. Relatively 
few properties were located within 0.25 miles of I-84 (3 percent of the sample),9 while 72 percent 
of the sample was within 1.50 miles of I-84.10 The mean (median) home value in 1940 was $6,063 
($5,000).

The inequality analysis includes two separate calculations: one for properties that appreciated 
in value and one for properties that depreciated in value between 1940 and the 1961-74 period. 
We also stratify the samples by 1960 Census tracts with at least a 50 percent Black population and 
those with at least a 50 percent White population. Then, a separate set of Lorenz curves are calcu-
lated and plotted for each. Specifically, the percent change in real estate wealth is plotted on the 
y-axis and the percentile of homeowners with wealth gains is plotted on the x-axis. In theory, there 
would be equality in the distribution of wealth if the Lorenz curve coincided with the 45-degree line. 
Thus, one objective of the Lorenz curve analysis is to gather visual evidence regarding the distribu-
tion of housing wealth accumulation after the construction of I-84 that may have been correlated 
with the proximity of those houses to I-84.

The locations of the 2,494 properties are shown in Figures 4 and 5. Figure 4 shows the percent 
changes in value between 1940 and the 1961-74 period. Figure 5 shows the dollar ranges of the 
changes in property values between these two periods, in constant (1940) dollars. These figures also 
show buffer zones of 0.10 miles, 0.25 miles, and 0.50 miles. Properties located in the western edge 
of Hartford, due west of I-84, are concentrated in an area with decreased values after the construc-
tion of I-84. Many properties throughout the neighborhoods near I-84 experienced property value 
increases of more than $15,000. As can be seen in Figure 4, some properties near the center of the 
map and just south of I-84 experienced gains of 250 percent to 1,000 percent between 1940 and the 
1961-74 period. Both directly south and directly north of I-84 at the center of the map, there are 
clusters of properties with appreciation of up to 1,000 percent. 

Very few houses depreciated in these neighborhoods. Overall, in this sample, approximately 
60 houses fell in value between 1940 and the 1961-1974 period, while slightly more than 2,400 houses 
rose in value. Perhaps the houses that would have seen substantial depreciation were so close to 
the proposed highway that they ended up being demolished prior to the highway construction; 
however, we do not have data on those teardown properties, since we only include in our sample 
those houses with at least one sale in the 1961-74 period (after I-84 construction).
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More specifically, the data collected for this article are unique in the sense that they consist of 
matches between property data in the 1961-74 Hartford assessor’s rolls (that had arms-length 
property sales during that time period) and the corresponding property data from the 1940 U.S. 
Census. The spatial locations of different houses and how their values have changed between 1940 
and the later period are mapped, making the changes in values visually observable. Additionally, 
these relationships are explored with regression analysis in the results section.

RESULTS
Two major sets of results are discussed below. First, the regression results (using a variation 

of long-differences) are presented and discussed as a technique to demonstrate the correlations 
(although not causality) between I-84 proximity and house value changes. Second, the Lorenz curve 
results are presented and analyzed, in order to study the wealth distribution related to the house 
value changes near I-84. 

Table 2 presents the regression results described in equation (2). Each column in this table 
represents a regression using a different proximity to the highway, that is, the cutoffs for the near 
I-84 variable: 0.25 miles, 0.50 miles, 0.75 miles, 1.00 mile, 1.25 miles, and 1.50 miles. 

Figure 4
Percent Change, Property Values (1940 dollars)  
Near I-84, 1940 vs. the 1961-74 Period

SOURCE: 1940 and 1960 Census, City of Hartford assessor, authors’  
calculations, and ArcGIS.

Figure 5
Change in Property Values Near I-84, 1940 vs.  
the 1961-74 Period

SOURCE: 1940 and 1960 Census, City of Hartford assessor, authors’  
calculations, and ArcGIS.
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Before presenting the regression results, note that it might be possible to include both a range-
of-distance (“as the crow flies”) indicator variable and a driving-distance indicator variable, to try 
and disentangle the benefits from access to I-84 from the drawbacks of proximity due to noise and 
pollution. But this would raise other undesirable complications. Ross, Farmer, and Lipscomb (2011) 
highlight an inherent concern with such an approach of including multiple distance indicator vari-
ables (or multiple continuous distance variables) in the same regression model. Specifically, Ross, 
Farmer, and Lipscomb (2011) note that interpreting the marginal effect of a primary distance vari-
able is problematic when there are other distance variables in the same regression, since the marginal 
effect on the primary distance variable assumes all other variables are held constant. But when the 
primary distance variable changes, this likely also changes other distance variables in the same regres-
sion, which negates the ceteris paribus interpretation on the primary distance variable. Therefore, 
the focus here is on including only one distance indicator variable and varying that indicator across 
different regressions to examine whether the signs and significance change across different cutoff 
distances. The distance variable used here is a range-of-distance indicator variable. Using a driving- 
distance indicator variable does not substantively impact the results. Using the range-of-distance 
indicator variable in separate regressions is our approach to capturing the heterogeneous correla-
tions with distance to the highway. We also control for the latitude and longitude coordinates of 
each property, which Ross, Farmer, and Lipscomb (2011) suggest as a more viable alternative to 
including multiple distance regressors.

There are 2,477 observations in each of the regressions in Table 2. The regressors include a 
constant, a dummy for near I-84 (which is the variable of interest), and the house value in 1940. 

Table 2
Regression Results—Dependent Variable: Percent Change in House Value, 1940 to the  
1961-74 Period

Regressor 0.25 miles 0.50 miles 0.75 miles 1.00 mile 1.25 miles 1.50 miles

Constant 564.76 787.82 804.81 798.82 825.79 853.92

t-Statistic 2.24 3.08 3.12 3.08 3.14 3.33

Near I-84 dummy –0.07 0.55 0.39 0.30 0.27 0.45

t-Statistic –0.31 4.37 4.03 3.52 3.24 4.96

House value in 1940 –0.00 –0.00 –0.00 –0.00 –0.00 –0.00

t-Statistic –27.87 –27.26 –27.12 –27.55 –27.83 –27.69

R2 0.30 0.30 0.30 0.30 0.30 0.30

F-statistic 18.49 18.98 18.90 18.80 18.75 19.12

P-value (F-statistic) 0.00 0.00 0.00 0.00 0.00 0.00

N 2,477 2,477 2,477 2,477 2,477 2,477

Year FE Y Y Y Y Y Y

Tract FE Y Y Y Y Y Y

NOTE: Sample includes properties with value of at least $1,000 in 1940 (which is the reason for the discrepancy between the 
sample size here and that of Table 1). Distance calculated “as the crow flies.” Latitude and longitude coordinates are included as 
regressors (estimates not shown here), following the suggested approach of Ross, Farmer, and Lipscomb (2011). FE, fixed effect.

SOURCE: 1940 and 1960 Census data, City of Hartford assessor, and authors’ calculations.
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The dependent variable is the percent change in house value between 1940 and the 1961-74 period 
(in 1940 dollars). We do not include the property characteristics since, based on Bailey, Muth, and 
Nourse (1963), the assumption that they are time-invariant implies they drop out when taking their 
long-difference (and also, we do not have data on these property-level characteristics). For all regres-
sions, the R-squared is approximately 0.30, which is in the general range of many hedonic studies. 
The proximity indicator for the cutoff closest to I-84 (i.e., 0.25 miles) is statistically insignificant.11 
The proximity indicator for 0.50 miles is positive and statistically significant and equal to 0.55. This 
finding implies that properties within 0.5 miles of I-84 appreciated approximately 55 percent more 
than properties farther away. The proximity indicators gradually diminish (but are still statistically 
significant) as the distance cutoffs increase to 0.75 miles, 1.00 mile, and 1.25 miles, which is intuitive, 
as the benefits from proximity are reduced with fewer accessibility benefits. Finally, the proximity 
indicator for the 1.50 miles cutoff is positive and equal to 0.37, which is larger than the corresponding 
effects for 0.75 miles, 1.00 mile, and 1.25 miles.12 While one might conjecture that further distance 
from I-84 is correlated with fewer accessibility benefits, there are some houses within 1.5 miles of 
I-84 that are relatively close to I-91.13 The benefits of proximity to I-91 for these houses could be the 
source of the relatively higher proximity indicator estimate for the 1.50 miles from the I-84 cutoff.14 

Regarding the coefficients on the house value in 1940 variable, they are generally negative and 
very small but statistically significant. These parameter estimates are approximately –0.00023 in all 
model specifications. This finding implies that for every $1,000 lower a house was valued in 1940, 
that house tended to be worth approximately 23 percent more in the 1961-74 period. In other words, 
lower-valued houses appreciated more than higher-valued houses in these Hartford neighborhoods 
from 1940 to the 1961-74 period.

There may also be other factors related to the house price increases.15 For instance, we consider 
the Hartford assessor’s database of all houses in the city, which contains some historical data on 
construction dates. We observe a differential rise around this time in the number of new houses 
built near versus farther away from the highway. Construction of I-84 in Hartford started in 1959 
and was completed in 1969.16 Among all houses built in the Hartford between 1950 and 1970, 2,452 
were built within 1 mile of I-84, while only 2,003 were built within 1 to 2 miles of I-84. These find-
ings imply that more houses were built near the highway after the late-1940s announcement of the 
highway. From 1970 to 1975 (shortly after completion), there were 463 houses built within 1 mile 
of the highway, while 241 were built within 1 to 2 miles of the highway. Thus, the increase in the 
housing stock may be related to the overall rise in house prices, possibly due to an increased desire 
of residents to live close to the highway; that is, the greater housing stock may have accommodated 
the higher demand for houses near the highway. 

Next, the Lorenz curves are presented in Figures 6, 7, 8, and 9. Figure 6 presents the Lorenz curve 
for the houses that appreciated in value between 1940 and the 1961-74 period; Figure 7 presents 
the Lorenz curve for the houses that depreciated in value between 1940 and the 1961-74 period. As 
also noted above, when the blue curve is close to the 45-degree line, there is equal distribution of 
wealth appreciation (or depreciation) across homeowners. But when the blue curve is very bowed 
from the 45-degree line, there is unequal distribution of wealth appreciation (or depreciation) across 
homeowners. 

In Figure 6, for instance, 20 percent of the homeowners experienced approximately 8 percent 
of the house value wealth increase. Similarly, 60 percent of the homeowners experienced slightly 
over 40 percent of the house value wealth increase associated with the proximity benefits of the 
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highway. These finding imply some evidence of inequality here, given the blue Lorenz curve is below 
the equal distribution line (i.e., the 45-degree line).17

Figure 7 represents a Lorenz curve for the homeowners whose property values decreased 
between 1940 and the 1961-74 period.18 This Lorenz curve demonstrates extreme inequality in the 
distribution of the wealth losses from houses that decreased in value. For instance, 20 percent of 
the homeowners bore more than 70 percent of the losses in housing wealth associated with pollu-
tion and noise from the highway. This extreme inequality is visually indicated by the severely bowed- 
outward shape of the Lorenz curve in Figure 7. 

Differences Between Neighborhoods: Majority-Black versus Majority-White Populations

Here we consider two separate aspects of discerning inequality in housing wealth accumula-
tion in Hartford: (i) the number of Black homeowners (in 1940) and (ii) Lorenz curves for houses 
that increased in value. These neighborhoods are categorized by 1960 Census tracts with at least a 
50 percent Black population and, separately, tracts with at least a 50 percent White population. 
Note that very few houses in majority-Black-population tracts had decreases in value, which pre-
cludes us from showing them in a Lorenz curve.

First, there were 2,477 houses in our sample that sold in the 1961-74 period in these neighbor-
hoods near I-84. Among these, 13 houses (i.e., approximately 0.5 percent of the sample) were owned 
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Figure 6
Lorenz Curve: Houses Near I-84 with Higher Value 
from 1940 to the 1961-74 Period

NOTE: N = 2,404. 

SOURCE: 1940 and 1960 Census data, City of Hartford assessor, and 
authors’ calculations.
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Lorenz Curve: Houses Near I-84 with Lower Value 
from 1940 to the 1961-74 Period
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by a Black head of household. Also, in the 1961-74 period there were approximately 125 houses 
sold in neighborhoods where the Black population exceeded 50 percent of total population.19,20 
Apparently, there were serious barriers to homeownership for Black residents of Hartford. These 
barriers may have precluded most Black residents from accruing wealth effects associated with 
owning a home in proximity to I-84.

Second, we develop an additional set of Lorenz curves, one for properties in (1960) tracts with 
at least a 50 percent Black population and another for properties in (1960) tracts with at least a 50 
percent White population. These are shown in Figures 8 and 9, respectively. As shown in Figure 8, 
in majority-Black-population tracts, the bottom 10 percent of the homeowners experienced 2.49 per-
cent of the house price appreciation, while the bottom 20 percent of the homeowners experienced 
7.2 percent of the increases in house price appreciation. In contrast, in majority-White-population 
tracts, the bottom 10 percent of the homeowners experienced 3.13 percent of the increases in house 
price appreciation, while the bottom 20 percent of the homeowners experienced 8.03 percent of 
the increases in house price appreciation.

As a way to interpret these Lorenz curves, we focus on the 10th percentile of the population 
that experienced wealth increases from house price appreciation, separately for the majority-Black- 
and majority-White-population tracts. These Lorenz curves imply the majority-White-population 
tracts experienced 25.7 percent higher house price appreciation than the majority-Black-population 
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Lorenz Curve: Houses Near I-84 with Higher Value 
from 1940 to the 1961-74 Period in Tracts with  
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authors’ calculations.
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tracts. Similarly, we consider the 20th percentiles of these populations that experienced wealth 
increases.21 Here the majority-White-population tracts experienced 11.5 percent higher house 
price appreciation than the majority-Black-population tracts. This finding implies the difference 
between the housing wealth accumulation in these two types of tracts is larger for homeowners 
whose houses appreciated less.22

CONCLUSION
This study explores the housing wealth accumulation and its distributional effects related to 

the announcement and construction of a major interstate highway in Hartford, Connecticut (I-84). 
The approach here is unique in that it relies on data that have not been used together to develop 
regression estimates of how proximity to a highway is correlated with home values. Specifically, 
data from the 1940 U.S. Census on home values are combined and matched with 1961-74 period 
data from the City of Hartford Assessor’s Office to develop a dataset of nearly 2,500 properties with 
two values for each home—one from 1940 (before the announcement of I-84) and another from 
1961-74 (construction period). 

Our approach to estimating the correlations between I-84 proximity and house values relies 
on the fact that the 1940 data are from before the announcement of the interstate highway system 
and the construction period. Therefore, using a proximity indicator variable for near versus far 
from I-84 produces an empirical estimate. 

We have demonstrated that for properties located relatively close to I-84 (i.e., within 0.25 
miles), there was an insignificant correlation between house values and highway proximity. But 
for properties within some wider critical point—within 0.50 miles from I-84—the benefits from 
being closer to I-84 were positive and significant. Compared with the 0.50 miles cutoff, the prox-
imity indicator variables diminish as the distance of the proximity indicator rises: Houses that 
were close to the highway, as defined by various distance indicators, sold for 27 to 55 percent 
more. This finding implies that homeowners experienced an increase in home value the closer the 
home to I-84, but if their homes were too close (i.e., within 0.25 miles), there is no correlation 
between proximity and house values. Finally, there is strong evidence of unequal wealth distribu-
tion for properties that decreased in values. But there is moderate evidence of unequal wealth dis-
tribution for houses with a higher percent change in value from 1940 to the 1961-74 period. We 
discuss the implications of these findings for highway investment policy, and other policy implica-
tions, below. But first we drill deeper by looking at Lorenz curves in neighborhoods with majori-
ty-Black and majority-White populations. In the 10th percentile of the populations with wealth 
increases, the majority-Black-population tracts had 25 percent less wealth accumulation than the 
majority-White-population tracts.

We also considered the inequality of declining wealth related to I-84 proximity. Some proper-
ties in our sample (approximately 60) experienced price declines from 1940 to the 1961-74 period. 
A disproportionate amount of the wealth deterioration was borne by a very small percentage of 
the homeowners. Specifically, roughly 70 percent of the cumulate wealth decline was realized by 
only about 20 percent of the homeowners. This result represents a very strong degree of inequality. 
In contrast, for the approximately 2,400 houses with price increases over the same period, the 
additional housing wealth was relatively equitably distributed. For houses with price appreciation, 
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20 percent of the homeowners had approximately 8 percent of the wealth increase. While this is 
not representative of equality, these wealth gains are not as unequally distributed as the housing 
wealth losses for the homeowners discussed above.

There are a number of potential areas for future research. First, a more comprehensive set of 
data variables could enable a deeper dive into the regression analysis by enabling for additional 
control variables, although such data may be challenging to obtain. In the regressions approach 
used above, the (time-invariant) property characteristics cancel out when taking the long-differ-
ences. We include Census tract fixed effects, which can proxy for neighborhood demographics in 
our analysis. Second, it would be of interest to determine whether similar results hold for other 
cities with interstate highways, using comparable property value datasets. This research could hap-
pen if it were possible to identify some cities with rich historical property value records that date 
back to the 1960s (highway construction period). 

These results can also have important policy implications for future highway construction, 
removal, and relocation decisions. If a comparison analysis of many cities can be done that lever-
ages the approaches developed here, it would be possible to consider targeting new projects in 
locations where there is an expectation of relative equality in the house price appreciation/depre-
ciation associated with the new highways. Similarly, it might be more desirable to target highway 
removal projects in cities where there is an unequal distribution of housing wealth accumulation, 
when the goal is to achieve a more equitable distribution of housing wealth. Such policy decisions 
would benefit from a more comprehensive analysis across many cities of the type performed in 
this study.

Finally, one might wonder whether the net housing wealth changes from interstate highways 
in the United States (or in one particular city) are positive or negative. This information would 
also provide important policy implications because if highways have a positive net correlation 
with housing wealth while rail and/or airports have a net negative change in housing wealth, these 
outcomes could imply that federal infrastructure resources should target highways and perhaps 
draw resources away from other transportation modes. A first step would be to conduct a similar 
set of inequality analyses for other modes, such as transit and/or airports.

Such research could be particularly relevant in the times of a pandemic where residents may 
feel “safer” from a contagious disease when riding in their own cars than when flying or traveling 
by train. For these reasons, it could be instructive to trace forward the values of residential proper-
ties to more-recent time periods, such as from the 1970s to the present, to consider a longer-term 
trajectory of the relationships between house prices and highway proximity. Clearly, as interstate 
highways are modified over time (perhaps with new exits and/or with new connectivity to other 
parts of the country with new highways in distant states), the net benefits from highway proximity 
can change as well. Therefore, consideration of the full lifespan of the entire U.S. interstate high-
way system—from the planning stages in the early 1940s to the present—could glean substantial 
information to support policy decisions at a nationwide, system level. n
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NOTES
1 This seems consistent with what we observe anecdotally in Figures 4 and 5.

2 See for instance, Aschauer (1989), Munnell and Cook (1990), and Cohen and Morrison Paul (2004). 

3 Several recent articles explore the issue of transportation and inequality through the spatial linkage between residence 
and employment opportunities. For instance, Wellman (2014) argues that transportation policy is correlated with inequality, 
given that many individuals in poor areas have limited access to transportation and in general exhibit lower car ownership 
rates. More generally, the notion of the “disconnect” in the relationship between housing location and the ability of resi-
dents to travel to job opportunities has been described as “spatial mismatch.” Gobillon, Selod, and Zenou (2007) describe 
the theory of the spatial mismatch hypothesis and summarize the literature in this area. However, little research has been 
done to directly examine the relationship between transportation access and wealth inequality. In fact, Chatterjee and 
Turnovsky (2012), who develop a theoretical model to address this issue, note that the empirical literature on public infra-
structure investment and inequality more generally is “sparse, inconclusive, and largely anecdotal.” They cite several 
articles that address the empirical issue of public infrastructure investment and inequality, but the vast majority of this 
research is focused on developing countries in Asia and Africa, with extremely little applied research on the United States. 
Also, subsequent recent research, including that by Getachew and Turnovsky (2015), Turnovsky (2015), Mattauch et al. 
(2014), and Gibson and Rioja (2016), tends to focus on theoretical models and/or numerical simulations. 

4 The time-invariant characteristics assumption underlies the Bailey, Muth, and Nourse (1963) repeat sales model.

5 John Logan provided data on the race of the head of household for individuals who owned each property according to 
the 1940 Census.

6 The repeat-sales approach was developed by Bailey, Muth, and Nourse (1963) and more recently popularized in the price 
indexes that became widespread in acceptance via Case and Shiller (e.g., Shiller, 2015). When used together with a hedonic 
house price model, as first developed in Rosen (1974), the repeat-sales approach assumes all of the property characteristics 
(number of bedrooms, bathrooms, living-area square footage, etc.) drop out of the regression, as they are time-invariant 
between the dates of the two house value observations. There would be some potential limitations to our findings if in 
fact there were quality changes in a substantial number of the regressors (i.e., characteristics of individual houses) in 1940 
versus in the 1961-74 period, although it is unclear the extent of this happening in our dataset and likely impossible to 
determine how many houses experienced such quality changes. 

7 Regarding potential concern with the possible changes in the composition of houses in the two time periods, our 
including time (i.e., year) fixed effects may be one way to address this potential issue.

8 The 1940 Hartford street layer was obtained from John Logan.

9 The values for the individual observations for the percent-near categories (which are indicator variables) were either 1 or 
zero. The “mean” and “median” represent the mean and median values for the percentages of houses that were within 
the given distance cutoff from the highway. The “maximum” and “minimum” are the maximum and minimum values for 
these distance indicator variables, which were 1 and zero, respectively.

10 Although not shown in Table 1, more than 90 percent of the houses in our sample were within 2 miles of I-84.

11 Given that the sample of properties within 0.25 miles of I-84 includes only 3 percent of the entire sample, perhaps there 
are too few properties within 0.25 miles to be able to offer strong statistical power for that radius.

12 To test whether the various distance coefficients in each model from Table 2 are statistically different from each other, 
we performed robustness tests for various coefficient pairs, using an approach similar to Paternoster et al.’s (1998). The 
coefficient on the 0.25-mile indicator is statistically different from each of the other distance cutoffs (i.e., 0.50 miles, 0.75 
miles, 1.00 mile, 1.25 miles, and 1.50 miles). The coefficients for 0.50 miles and 1.25 miles are significantly different from 
each other at slightly less than the 10 percent level of significance (using a two-tailed z-test; z-value = 1.84). The coefficients 
for 0.50 miles and 1.00 mile are marginally significantly different from each other at the 10 percent level (z-value = 1.64). 
All of the other combinations of distant coefficient pairs not mentioned above are insignificantly different from each other. 

13 We performed a robustness test where we kept the latitude and longitude in the regressions, as suggested by Ross, 
Farmer, and Lipscomb (2011), but we added an additional regressor for distance from I-91. This I-91 distance regressor 
was very small in all models but statistically significant, and including the regressor did not notably affect the sign and 
significance of the distance to I-84 indicators. Given the concerns of Ross, Farmer, and Lipscomb (2011) with including 
multiple distance regressors, we decided that the results without the I-91 distance regressor were superior to the results 
that include it.

14 We also tried running an alternative model that was suggested by a reviewer, with the 0.25-mile indicator variable as the 
“base” and including all other distance cutoffs as indicators in the same regression. The coefficients on the 0.50-mile and 
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1.50-mile indicators were positive and significant, while those in-between these (i.e., the 0.75-mile, 1.00-mile, and 1.25-
mile indicators) were statistically insignificant.

15 In addition to including latitude and longitude coordinates as regressors, our use of cross-sectional fixed effects (for 
Census tracts) is another way we control for spatial heterogeneity such as proximity to parks. Follow-up work, which can 
incorporate other detailed econometric analyses, might consider tests for spatial autocorrelation.

16 One reason for the location of I-84 was its proximity to downtown Hartford; in fact, one of the highway exit ramps con-
nected directly to the entrance of the parking garage of a major department store called G. Fox (McWilliams, 2014).

17 Note that this does not imply causality but rather a correlation between wealth distribution across various homeowners 
that is related to house value appreciation in the two periods.

18 One might attribute these decreases to the impacts of being close to the air pollution and noise pollution associated with 
very close proximity to I-84. However, the Lorenz curves do not intend to represent this type of causality.

19 This information was obtained when we compared John Logan’s 1940 Census data with the 1940 Census data that we 
obtained from the Ancestry.com microfilms (and overlayed it with 1960 Census data at the tract level).

20 John Logan’s 1940 Census data recognizes a third category for race titled “Other,” and there are no houses in our sample 
of 2,477 houses owned by individuals classified in that category.

21 If we had data for the full universe of houses in these neighborhoods near the highway, it might be possible to calculate 
how much (in total dollars) these percentages imply.

22 That is, the difference in wealth accumulation is greater in the lower end of the distribution of the population with wealth 
increases.
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