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Abstract

This paper studies the impact of dollar store entry on independent grocery retailers
using establishment-level data for the United States from 2000 to 2019. We exploit
the unique spatial and temporal features of our dataset to estimate the causal effects
of dollar store exposure on the economic outcomes of independent grocery retailers.
Our main results show that independent grocery retailers are 2.3 percent more likely
to exit after dollar store entry, with affected grocery retailers experiencing an em-
ployment reduction of 3.7 percent and lower sales of 5.7 percent. In addition, we
show that the exit probability of independent grocery retailers is almost three times
larger in rural than urban communities. After dollar store entry, retail employment
decreases by 7.1 percent, while sales fall by 9.2 percent for independent grocery
retailers in rural census tracts. Finally, event studies show that the response of in-
dependent grocery retailers to dollar store entry is delayed, with the exit probability
being indifferent from zero one year after dollar store entry. Those adverse entry ef-
fects are more pronounced and persistent in rural communities, reflecting increased
exit rates, higher job losses, and consistently depressed sales among independent

grocery retailers.
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1. Introduction

Dollar stores have proliferated throughout the United States since 2000. As of 2019, there were
almost 35,000 dollar store format retailers in the United States, with their numbers more than
doubling over the last two decades (NETS 2022). Dollar stores continued to thrive and were
among the few food retailers that experienced revenue growth following the Great Recession from
2008 to 2010, outperforming ‘big-box’ discounters and membership-only retail warehouses, such
as Walmart, Target, and Costco (Caoui et al. 2022). Dollar General, Dollar Tree, and Family
Dollar are the prominent players among dollar stores. They are predominantly located in rural
and low-income communities with limited new retail investment and lower lease rates for retail
space, allowing them to compete with larger retail stores (Chenarides et al. 2021; Shannon 2021).
According to the USDA Food Access Research Atlas (United States Department of Agriculture
2022a), 11 to 27 percent of U.S. households reside in those low-income and low-access census tracts,
where their dwellings are, on average, more than one mile away from the nearest supermarket in
an urban census tract or 10 miles in a rural census tract. Supermarket access is critical for those
households, and dollar stores target these locations with lower costs and offer higher accessibility

to rural households (Richards et al. 2022).

Dollar stores sell a variety of processed and nonperishable foods at much lower prices than chain and
independent grocery retailers, acting as horizontal competitors to incumbent food retail formats
(Richards et al. 2022). Much of the ongoing dollar store research focuses on the healthfulness of
the assortment and how dollar store entry might limit access to healthy food (Volpe et al. 2018;
Chenarides and Jaenicke 2019). Racine et al. (2016) find that few dollar stores in North Carolina sell
fresh fruits or vegetables, although they also offer healthier food staples, such as frozen meats, brown
rice, and whole wheat bread. Handbury (2019) showed that high-income households experience a
higher consumer utility in wealthy cities than in poor towns, primarily due to the broader product
assortment available in those high-income areas. Cai et al. (2017) show that average produce
purchases decrease with the count of ‘big-box’ discounters and dollar stores. Such a lack of access
to healthy food in areas predominantly served by dollar stores can be characterized as a problem
on the supply side. However, Bustillos et al. (2009) found that dollar stores offer the best variety of

food staples and canned products among convenience or nontraditional food stores in rural Texas



counties. The supply of food assortment does not seem to be the leading cause of food access
disparities. Allcott et al. (2019) find that 90 percent of nutritional inequality of the rural poor is
driven by differences in demand, even if full-service grocery retailers are located in ex-food deserts.
In this regard, it is unsurprising that Drichoutis et al. (2015) did not find a statistically significant

impact of dollar store entry on childhood obesity in Arkansas.

Although the health effects of dollar stores are widely studied, there is far less research on the impact
of dollar store entry on retail competition. Cakir et al. (2020) focus on the effects of Walmart entry
on independent grocery retailers, pointing to a positive association between Walmart entry and the
exit of independent grocery retailers after 2009, but only briefly mentioning the role of dollar stores.
Grigsby-Calage et al. (2021) study the spatial dimension of dollar store expansion and suggest that
given their small market areas, low costs, and low prices, dollar stores can operate in competitive
environments that conventional grocers or larger ‘big-box’ discounters cannot survive in. Richards
et al. (2022) speak specifically to the entry effects of dollar stores, finding that their entry is likely to
benefit large-format grocery retail stores and ‘big-box’ discounters. Using a dynamic discrete choice
model, Arcidiacono et al. (2016) find that Walmart entry negatively impacts supermarkets, but
smaller stores, such as independent grocery retailers, thrive. In a follow-up study, Arcidiacono et al.
(2020) provide evidence for adverse revenue effects due to competitive market entry from Walmart.
In addition, Hicks and Wilburn (2001) find that Walmart entry increases retail employment but has
no impact on wages and other labor market outcomes. Basker (2005) provides additional evidence
for increased retail employment after Walmart entry. In stark contrast, Neumark et al. (2008) show
that Walmart entry into a local retail market reduces retail employment. Although considerable
research has looked at the impact of Walmart entry on competition and labor market outcomes, the

effects of dollar stores on incumbent exit, employment, and sales remain an area of open inquiry.

Dollar stores present a competitive threat to independent grocery retailers because of their low
costs, lower prices, and large corporate structure (Caoui et al. 2022). Dollar stores lease their retail
space and operate smaller locations, about 7,500 square feet on average. According to McGreal
(2018), they often find retail space in communities that provide utility or tax incentives, which
may not be available to independent grocery retailers. Inventories are also smaller, less varied, and

usually purchased at a discount, providing additional cost savings. In addition, the small store



format requires fewer employees per store. These features mean that dollar stores can take advan-
tage of economies of scale in distribution and more favorable financing of investments. Such cost
advantages, combined with the low prices and the convenience that dollar stores offer, make them
strong competitors for independent grocery retailers. Consequently, independent grocery retailers
struggle to survive, particularly in rural areas. According to Bailey (2010), rural independent gro-
cery retailers face numerous challenges, including capital needs, an unreliable customer base, and
fewer retail opportunities stemming from rural demographics. Cho and Volpe (2017) find that the
share of independent grocery retailers had fallen to 43 percent in 2015 from its peak of 46 percent
around 2007. Despite some recent empirical work, the effects of dollar store entry on incumbent
retailers are still poorly understood. Grigsby-Calage et al. (2021) found that the density of su-
perettes and supermarkets correlates with dollar store entry, suggesting that dollar stores may be
competing directly with these retailers. Richards et al. (2022) provide evidence for competition
between superettes and dollar stores but suggest the opposite effect for large grocery stores and
‘big-box’ discounters. By simulating the impact of dollar store entry, they find that supermarket
chains and ‘big-box’ discounters are likely to increase their profits and density following entry by
a dollar store in a competitive grocery retail market. This effect would suggest that dollar store
entry could support additional large-format market entry and could negatively impact the economic

outcomes of independent grocery retailers.

This paper assesses the impact of dollar store entry on independent grocery retailers using estab-
lishment-level data for the entire United States from 2000 to 2019. We construct a unique panel
of business activities at the census tract level and exploit the spatial and temporal features of
our dataset to estimate the causal effects of dollar store exposure on the economic outcomes of
incumbent independent grocery retailers. Our main results indicate that independent grocery
retailers are 2.3 percent more likely to exit the market after dollar store entry, experiencing an
employment reduction of 3.7 percent and lower sales of 5.7 percent. The treatment effects of dollar
store entry are more pronounced in rural census tracts, where the exit probability is almost three
times larger than that of independent grocery retailers operating in urban census tracts. After
dollar store exposure, retail employment and sales of independent grocery retailers in rural census

tracts decrease by 7.1 percent and 9.2 percent, respectively. Event studies show that the response



of independent grocery retailers to dollar store entry is delayed, with the exit probability being
indifferent from zero one year after a dollar store entry. Afterward, the exit probability increases in
both urban and rural census tracts, reaching -1.8 percent and -5.0 percent, respectively, in the post-
event period. These findings hold up to a battery of robustness checks, including spatial spillover
effects, various concepts of rurality, treatment heterogeneity, the fixed effects choice, and different

estimators.

Our paper provides three distinct contributions to the growing literature on dollar store expansion,
retail competition, and rural employment. First, the research speaks to the empirical literature
on the impact of market entry in the food retail industry. Previous research focused on the im-
plication of Walmart entry on local market structure, retail employment, and revenues (Basker
2005; Neumark et al. 2008; Arcidiacono et al. 2016, 2020). We extend this literature by showing
that not only does the entry of ‘big-box’ discounters has adverse implications for grocery retail-
ers but also that the expansion of the dollar store format has considerable implications for retail
competition. We expand on Cakir et al. (2020), who analyzed the impact of Walmart and dollar
store entry on grocery retailers, by offering distinct insights into how the dollar store entry effect
operates across the extensive and intensive margins. Second, our work contributes to the growing
literature on the relationship between dollar stores and independent grocery retailers (Cakir et al.
2020; Chenarides et al. 2021; Caoui et al. 2022; Richards et al. 2022). We show that dollar store
entry harms independent grocery retailers, leading to a higher exit probability and reducing em-
ployment and sales. These findings are critical in light of the vital contribution that independent
grocery retailers provide to rural communities in terms of access to healthy food and community
services (Racine et al. 2016; Shannon 2021). Third, we add to the literature concerned with the
heterogeneous effects of dollar store entry on local food markets (Cakir et al. 2020; Chenarides et al.
2021; Grigsby-Calage et al. 2021; Shannon 2021). We provide evidence for considerable treatment
heterogeneity. The dollar store entry effect operates mainly in rural communities, which experience
a substantial reduction in the number of grocery retail stores. Notably, these adverse entry effects
are more prominent and persistent in rural communities, reflected in increased exit rates, higher

job losses, and consistently depressed sales among independent grocery retailers.



2. Background and Data

U.S. food retail businesses sold $710 billion worth of retail food and non-food products in 2019
(United States Department of Agriculture 2022b). More than 92.1 percent of those sales were
realized by grocery retailers, which include supermarkets and smaller grocery stores. The food
retailing industry consists of regional and national chains and sole proprietorships, which vary in
size from a single store to several thousand outlets (Arcidiacono et al. 2020). The grocery retail
sector is predominately brick and mortar, although the COVID-19 pandemic has given rise to new
formats of food procurement (Hobbs 2021; Meemken et al. 2022). The food retailing industry is
dominated by horizontally integrated grocery retail chains, which procure a mix of branded and
store-brand products (Geyskens et al. 2010). In addition to the larger retail chains, there are
numerous mom-and-pop and small-chain stores that either have a single location or operate a few
stores in a confined area. These stores are called independent grocery retailers as they do not

belong to a regional or national grocery retail chain (Cakir et al. 2020).

Independent grocery retailers offer products and services that are horizontally and vertically differ-
entiated. Many small food retailers specialize their product assortment to a particular demographic
group, which implies that they horizontally differentiate their services. Such targeting indicates
that those grocery retailers are more insulated from direct price competition with rival firms, as
they have obtained a degree of local market power that allows them to tolerate higher operational
costs (Arcidiacono et al. 2020). In addition, independent grocery retailers offer vertically differenti-
ated services, as they operate businesses of various sizes that offer consumers a selection of products
that are differentiated in terms of quality (Rojas et al. 2012). Therefore, it is unsurprising that
they employ more personnel per square foot than the average regional or national chain grocery
retailers. While they account for only 38 percent of total food sales, they employ more than 43
percent of the retail grocery workforce in rural America (Cakir et al. 2020). Because of price insu-
lation from offering product assortments and service levels that attract different consumer types,
independent grocery retailers could remain competitive in rural markets, where retail margins are
lower, deferring entry from national grocery retail chains. However, recent research by Cakir et al.
(2020) and Chenarides et al. (2021) has shown that the appearance of new food retail formats, such

as Aldi, Walmart, and dollar stores, resulted in increased competition for rural consumers.



The rapid growth of the dollar store retail format over the past decades has had broad implications
for the retail landscape in the United States (Caoui et al. 2022). The dollar store concept originates
from Dollar General, which opened its first store in 1955. Dollar stores sell a wide range of low-cost
basis products, often at a single price point. They offer a moderately sized assortment of brand and
private label products, selling essential consumables and highly processed food. In 2021, several
dollar store formats started to add fresh food to their assortment. A remarkable feature of the
dollar store expansion strategy is that they focus on low-income and underserved food markets
traditionally served by independent grocery retailers in rural America (Chenarides et al. 2021).
Figure 1 shows that dollar stores have been expanding rapidly, adding more than 20,000 locations
between 1999 and 2019. The nearly 35,000 dollar stores are concentrated in the South, with strong
annualized growth in the Midwest and Northeast since 2010. This significant growth has raised

concerns about the implications of dollar store entry on independent grocery retailers.

Our analysis uses data from the National Establishment Time Series (NETS 2022). NETS is a
micro-level dataset that used Dun & Bradstreet archival establishment data to construct a historical
account of business activities for the United States. The dataset has been widely used to answer
empirical research questions. Related studies have looked at business survival (Choi et al. 2017),
entrepreneurship (e.g., Echeverri-Carroll and Feldman 2019; Low et al. 2021), job creation (e.g.,
Neumark et al. 2006, 2011), healthcare access (Tsui et al. 2020), and the local food environment
(Schuetz et al. 2012; Berger et al. 2019). Although concerns had been raised by Crane and Decker
(2019) about the ability of NETS to detect business trends for some industries, Zeballos and
Marchesi (2022) showed that NETS is well suited to capture employment patterns similar to the
County Business Patterns (CBP) for the grocery retail industry (Eckert et al. 2020). We use the

2019 NETS dataset, which covers about 71 million establishments between 2000 and 2019.!

We identify independent grocery retailers based on the 2019 North American Industry Classification
System (NAICS) code 445110 following Cakir et al. (2020). We filter establishments classified as

1 Although we have access to data before 2000, we discard this period from the analysis because of data reporting
issues (Cho et al. 2019). Note that when we construct the dollar store exposure measures, we account for market
entry before 2000. We also exclude years after 2019 due to concerns over the rise in online food retailing during
the COVID-19 pandemic and its potential implications for business activities (Meemken et al. 2022).



standalone with zero related firms and a headquarters DUNS that is the same as the establishment
DUNS. In addition, we define local chain grocery retailers with fewer than three locations within
the same state as independent grocery retailers. To identify dollar stores, we use regular expression
matching on the NETS variables company and tradename with the following keywords: Dollar, 99,
Dime, Value, Cent, Five, Under, Below, Discount, or Bargain; or one of the following know dollar
store names: Dollar General, Family Dollar, Dollar Tree, All Ways 99, Five Below, Fred’s Stores,
Big Lots, and Ollie’s Bargain Outlet.?2 Although NETS provides the county name, no further
spatial classification at the census tract level is available.> To obtain the census tract, we use
the establishment address and match that to the census tract using a spatial matching algorithm
based on the longitude and latitude information associated with the establishment address. We use
the census tract as the spatial unit of interest because it allows us to model the exit probability
of independent grocery retailers. Lastly, we use the 2010 Rural-Urban Commuting Area (RUCA)
codes to identify rural census tracts (Economic Research Service 2022).# We provide the descriptive

statistics for urban and rural census tracts in Appendix Table A.2.
3. Empirical Model

We exploit the unique spatial and temporal features of our dataset to estimate the causal effects
of dollar store exposure on the economic outcomes of incumbent independent grocery retailers
(Arcidiacono et al. 2020; Cakir et al. 2020; Richards et al. 2022). The empirical model is ap-
plied to the count, employment, and sales of independent grocery retailers at the census-tract-year
level. For brevity, we represent the three outcomes with y;; in the following generalized regression
specification:

Yit = exp (a; + ay + ot + 0DSj¢) 1t (1)

This regular expression match is sensitive to the exact specification of the strings used for matching. Therefore,
we add a space after each key term to avoid false matches where the phrase is part of another word construct. In
addition, we use the headquarter DUNS as an additional condition to identify dollar stores.

Census tracts are small, relatively permanent statistical subdivisions of a county or an equivalent entity. The
primary purpose of census tracts is to provide a stable set of geographic units to present census data. They have
a population size between 1,200 and 8,000 people. They are a reasonable measure of a local grocery retail market.

4 Appendix Table A.1 provides the list of RUCA codes. We use RUCA codes 4 to 10 to identify rural census tracts
and map them in Appendix Figure A.1.



where we denote the census tract with 7, the year with ¢, and the retail market with m. DSj; is
an indicator variable for the presence of the j-th dollar store in census tract i at time t.> The
identification of § could be confounded by a correlation between the error term and the treatment
measure. Because dollar stores could deliberately choose to locate in a census tract, this correlation
is likely non-trivial and different from zero (see, e.g., Chenarides et al. 2021; Richards et al. 2022).
To account for this potential source of estimation bias, we take advantage of the timing of dollar
store entry across census tracts and include fixed effects at the census tract and year levels, denoted
by «; and «y, respectively. Following Arcidiacono et al. (2020), we also include market-specific
time trends to account for changes in the market attractiveness over time.® Lastly, we denote the

multiplicative error term with 7.

The main identifying assumption is that the timing and location of dollar store entry are uncorre-
lated with the error term 7, conditional on census tract fixed effects, time dummies, and linear
market trends. The empirical model is implemented with an indicator variable that takes the value
one when census tract i is exposed to dollar store j at time ¢. This empirical model can be un-
derstood as a generalization of the difference-in-differences (DiD) model, where contemporaneous
changes in outcomes are compared between census tracts treated by a dollar store entry and those
that did not experience an entry (Roth et al. 2022). For a given census tract, the control group
includes census tracts never exposed and those exposed earlier or later throughout the observation

period following the identification strategy of Arcidiacono et al. (2020) and Cakir et al. (2020).”

The primary outcome of interest is denoted by y;;. It represents the non-negative integer count of in-
dependent grocery retailers, employment, and sales in a given census tract ¢ in year ¢. One approach
to identifying the relationship of interest would be to transform the outcome using a log-linear re-

gression model. However, this approach could induce estimation bias because a linear regression

Note that Equation 1 implies that the treatment effect of a particular dollar store entry on the economic outcomes
of independent grocery retailers is independent of the previous exposure.

The retail markets are based on Census Bureau’s metropolitan statistical areas (MSA) (U.S. Census Bureau 2022).
For those independent grocery retailers in census tracts not belonging to an MSA, we use state-specific time trends.

We investigate the robustness of the main results to this assumption in Subsection 4.3, where we exclude always-
treated units from the control group (Callaway and Sant’Anna 2021; Baker et al. 2022; de Chaisemartin and
D’Haultfoeuille 2022).



model cannot ensure the positivity of the predicted values of the count outcome (Wooldridge 1999;
Cameron and Trivedi 2013). The discrete nature of the outcome makes it difficult to find a con-
ditional mean transformation that is linear in parameters. In addition, heteroskedasticity could
further exacerbate this issue as the transformed errors could be correlated with the covariates.
Such correlation could result in an inconsistent identification of the treatment effects. To account
for this issue, we directly model the relationship of interest between the outcomes and the treatment
variable. We ensure the positivity of the covariates by deploying a non-linear regression model that

uses an exponential form equation.

We follow common practice in the empirical literature and rely on the Poisson pseudo-maximum
likelihood (PML) estimator to identify the relationship of interest (Gong and Samaniego 1981;
Gourieroux et al. 1984). Even if the conditional variance is not proportional to the conditional
mean, the estimator is unbiased and robust to heteroskedasticity (Wooldridge 1999). A further
advantage of the Poisson PML estimator is that the scale of the dependent variable does not affect
the parameter estimates and that the estimator allows us to deal with zero outcomes consistently
(Cameron and Trivedi 2013). As shown in Appendix Table A.1, the share of zero observations is
considerable at the census tract level. We account for the high-dimensional fixed effects using a
modified version of the iteratively re-weighted least-squares algorithm that is robust to statistical
separation and convergence issues (Correia et al. 2019, 2020). Because the standard errors could
be correlated at the census tract level, we follow standard practice in the industrial organization

literature and cluster them at this level (Cameron and Miller 2015).
4. Main Results

Table 1 presents estimates of the dollar store exposure effect on the independent grocery retailer
count, employment, and sales. Panel A shows that independent grocery retailers are 2.3 percent
more likely to exit the market after dollar store entry.® These estimates are in line with earlier work
by Caoui et al. (2022), who found an average treatment effect of 3.1 percent. The dollar store entry

effects are smaller than those for Walmart entry, which causes 40 to 50 percent of small discount

8 We transformed the parameter estimates to percentage effects using the formula (exp(8) — 1) * 100.



stores to exit the market (Jia 2008). Interestingly, the dollar store treatment effect is larger for
the employment (-3.7 percent) and sales (-5.7 percent) of independent grocery retailers. These
findings add to earlier work concerned about the entry effects in grocery retail markets. Ellickson
and Grieco (2013) find that the impact of Walmart entry on independent grocery retailers operates
more through the intensive than the extensive margin. Our estimates are smaller in magnitude
than those for Walmart entry, which causes a drop in supermarket revenue of over 16 percent when
Walmart locates within one mile (Arcidiacono et al. 2020). More intensive price competition can
explain the stronger employment effects, implying that the marginal surviving firm has to be more
efficient in smaller markets (Asplund and Nocke 2006). In contrast to chain stores, independent
grocery retailers are more likely to adjust prices as they are not limited by uniform pricing across
markets (DellaVigna and Gentzkow 2019). This pricing pattern could be one explanation for the

larger sales effects observed for independent grocery retailers.

Panel B of Table 1 compares the estimated treatment effects for independent grocery retailers
in urban and rural census tracts. We find that the treatment effects for urban and rural census
tracts are statistically different from one another at conventional levels of statistical significance.
The exit probability is almost three times larger in rural census tracts than that of independent
grocery retailers operating in urban census tracts. These findings align with earlier work by Cakir
et al. (2020), who find an annual exit rate of 6.6 percent for independent grocery retailers in rural
counties from 1990 to 2015. Similar patterns are observable for employment and sales. After
dollar store exposure, retail employment and sales of independent grocery retailers in rural census
tracts decrease by 7.1 percent and 9.2 percent, respectively. An explanation for the larger treatment
effects in rural markets is the lower profit margins of independent grocery retailers in those markets.
Ellickson and Grieco (2013) document that the grocery retailer exit probability is higher in rural
than in urban markets after a Walmart entry.? In addition, the potential dollar store entry effects

are also larger as the probability of new entry of independent grocery retailers is lower because

% Interestingly, the competition effect between a grocery store and a distant supercenter outside its zip code but
within 25 miles is much smaller than the competition effect between two small grocery stores in the same zip code,
pointing toward complicated spatial competition effects (Grieco 2014). We explore this pattern for dollar stores in
Subsection 4.3.
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retailer entry thresholds are higher in rural markets (Cleary and Chenarides 2022). This pattern
also reflects in the differential productivity effects between urban and rural regions caused by

competitive market entry (Hakansson et al. 2019).
4.1 Treatment Dynamics

A causal interpretation of the estimated treatment effects is justified under the assumption that the
dollar store entry timing and location are conditionally exogenous (Roth et al. 2022). Although we
cannot directly test the validity of this assumption, the outcome trends in the pre-treatment period
can be informative in this regard (Arcidiacono et al. 2020; Caoui et al. 2022). Suppose the observed
outcomes in treated census tracts have similar trends in the pre-treatment period to those in
untreated census tracts. In that case, we can accept that the “parallel trends” assumption holds and
that dollar store entry is exogenous to the independent grocery retailer outcomes (Freyaldenhoven
et al. 2019; Sun and Abraham 2021; Roth 2022). To implement this pre-event test and explore
treatment dynamics in the post-treatment period, we rely on an “event study” design that interacts

the treatment measure with a time dummy defined relative to the year of dollar store entry:

7
Yit = exXp <ai + ay + Ot + Z 5mDSjt,t—m> Nit (2)

m=—7

where the general notation is the same as in Equation 1. The dynamic treatment model includes
seven leads and lags relative to the event of interest, which enables us to capture pre-trends and
assess post-event treatment dynamics (Freyaldenhoven et al. 2021).10 We assume that all latent con-
founders are captured by the census tract fixed effects, time dummies, and market trends. The term
2;2_7 O0mDS it t—m measures the treatment dynamics of dollar store entry for the corresponding

outcome. The specification allows the magnitude of the dollar store exposure effect to vary before

dollar store exposure and uncovers how the treatment effect evolves in the post-treatment period.

We present the event study estimates for dollar store exposure and the independent grocery re-

tailer outcomes for urban and rural census tracts in Figure 2. Each subfigure plots the dynamic

10We follow common practice in the event study literature and bin the endpoints of the event study window. The
binned endpoints allow us to check for long-term pre-trends and leveling-off treatment effects.
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treatment parameters, 95 percent confidence intervals, and uniform sup-t bands for the event-time
of the outcome (Montiel Olea and Plagborg-Mgller 2019; Freyaldenhoven et al. 2021).'' We also
overlay estimates from the static model represented by the dashed red line. The figure notes in
Figure 2 report the corresponding p-value for Wald tests for pre-event trends and anticipatory be-
havior. We find no evidence of significant pre-trends for the retailer count, employment, and sales
specifications.'? We also conduct a Wald test for the null hypothesis that the treatment dynamics
level off because the treatment effect could be dynamic at the endpoints of the event window. The
Wald tests provide some statistical support for leveling off treatment effects for urban census tracts

but not for rural census tracts at conventional levels of statistical significance for all outcomes.

The event study estimates reveal some intriguing patterns regarding the dollar store exposure effect
on the count, sales, and employment of independent grocery retailers. First, we find evidence that
the response to entry is delayed, with the exit probability being indifferent from zero one year after
dollar store entry. Afterward, the exit probability increases in both urban and rural census tracts,
reaching -1.8 percent and -5.0 percent, respectively, on average in the post-event period.!® A similar
pattern is observable for employment, while the adverse sales effects are more immediate. Con-
firmatory bias and motivated reasoning, which causes managers to discount negative performance
information, retain overly optimistic beliefs, and delay exit, can explain this delayed exit pattern
(Elfenbein et al. 2017). Second, while the treatment effects remain negative and statistically sig-
nificant for rural census tracts, they become indifferent from zero for urban census tracts after five
years, pointing toward new entry of independent grocery retailers after dollar store exposure in
those markets. Lesser entry costs and technology scaling in urban census tracts can explain this
recovery pattern (Balland et al. 2020; Cleary and Chenarides 2022). Third, the average post-event

treatment effects are statistically indifferent from the static estimates, implying that the dollar

1 Although various simultaneous confidence bands are available, there exists little theory to select among them. To
address this issue, we follow Montiel Olea and Plagborg-Mgller (2019) and use a Bayesian sup-t band with exact
finite-sample simultaneous credibility.

12Since the pre-trend tests are statistically insignificant and the treatment pathways in the pre-treatment period are
flat, the research design is validated. The fixed effects can accurately account for unobservables unrelated to the
treatment but predictive of the outcome, such as the 2008 recession and Walmart expansion (see, e.g., Basker 2007,
Ellickson and Grieco 2013; Cleary and Chenarides 2022).

13We transformed the parameter estimates to percentage effects using the formula (exp(Bk) - 1) * 100.
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store entry timing and location are conditionally exogenous, which validates the research design.
4.2 Spatial Spillover Effects

So far, we have assumed that dollar store entry only affects independent grocery retailers only in
the census tract where the entry occurred. A causal interpretation of the main results is justified if
dollar store entry in neighboring census tracts has no effect on the estimated dollar store treatment
effects for treated urban and rural census tracts. This assumption could be invalidated if the dollar
store entry effect spills over to neighboring census tracts. The identification concern relates to
earlier work on Walmart entry. For instance, Arcidiacono et al. (2020) showed that the Walmart
entry effect levels off at about seven miles from the entry location. Such spatial spillover effects
could challenge the causal interpretation of our estimated treatment effects.!* To test for the

presence of such spillover effects, we introduce a spatial lag term as specified below:

Yit = exXp (ozi + (673 + Oémt + 51DSjt + (52WDSjt) it 5 (3)

where the notations are the same as in Equation 1, except that we added a spatial lag term for
dollar store exposure in first-degree neighboring census tracts, which we denote with WDS;;. We
test three competing spatial lag models, comparing treatment effects for the margins of dollar store
entry with the density of dollar store entry (LeSage and Pace 2009). Because earlier work by
Arcidiacono et al. (2020) and Caoui et al. (2022) showed that the Walmart and dollar store entry

effects are localized, we limit the spatial spillover effects to first-degree neighboring census tracts.

Table 2 presents estimates for the dollar store exposure effect conditional on the presence of spatial
spillover effects. The spatial lag coefficient is statistically significant at conventional levels for the
number of entries in adjacent census tracts and the share of adjacent census tracts with a dollar
store entry. The parameter estimates point toward a positive spatial spillover effect, where dollar

store entry in neighboring census tracts benefits independent grocery retailers in treated census

M Note that dollar store entry could also occur in proximity to the border between two census tracts, implying
potential estimation bias due to dollar store entry spillover effects to neighboring census tracts.
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tracts.'® There are a variety of factors that could explain such spillover effects. Among them, a
substitution of consumers in urban census tracts that lost access to their neighborhood grocery store
is a possible explanation. Meltzer (2016) find that small businesses relocate in response to economic
and social change in their neighborhood. In addition, the changing urban retail landscape due to
gentrification could result in consumers frequenting neighborhood stores on their way to work more
often after a grocery retailer exits in their neighborhood (Russell and Heidkamp 2011). Although
those drivers can explain the positive spatial spillover effects observed for dollar store entry, the
estimates should be taken with caution as a causal interpretation of the covariates is not justified
(Wooldridge 1999; Cameron and Trivedi 2013). Since the estimated treatment effects of dollar
store entry are statistically indifferent from those presented in Table 1, we can conclude that the
treatment is indeed “random” and the treatment effect estimates are likely causal (Callaway and

Sant’Anna 2021).
4.3 Robustness Checks

Concepts of Rurality — The applied research and public policy community uses various concepts and
definitions of rurality. Nelson et al. (2021) conducted a systematic review of rurality measures and
how researchers operationalize them in empirical and quantitative studies. We present estimates
for two alternative rurality measures in Appendix Table A.3 to see how robust our main results are
to those alternative rurality concepts. Panel A identifies rural census tracts based on the Census
Bureau’s definition of metropolitan statistical areas (U.S. Census Bureau 2022). This rurality
definition is less granular than the RUCA classification developed by the Economic Research Service
(2022). We find no evidence for dollar store treatment effects that differ from the main results at
conventional levels of statistical significance. In addition, we assess treatment heterogeneity based
on the RUCA classification for metropolitan (codes 1 to 3), micropolitan (codes 4 to 7), and small
towns and rural census tracts (codes 8 to 10) in Panel B. Although the estimated treatment effects
are statistically indifferent from the main results, we find a larger magnitude of the exit probability

effect for census tracts classified under RUCA codes 8 to 10. In contrast, the employment and sales

5Note that this spillover effect disappears when we estimate the sample separately for rural census tracts. These
estimates are available upon request from the authors.
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effects are more considerable for independent grocery retailers in micropolitan census tracts.

Treatment Heterogeneity — A potential concern regarding our identification strategy relates to
unobserved treatment heterogeneity. Dollar store exposure could cause distinct treatment effects
for the economic outcomes of independent grocery retailers that vary across time, regions, and
grocery retail formats (see, e.g., Cakir et al. 2020; Chenarides et al. 2021; Richards et al. 2022).
Reduced entry barriers and market power in a spatially differentiated grocery retail market could
result in heterogenous treatment effects over time (Neumark et al. 2008; Schivardi and Viviano
2010). We test for such treatment heterogeneity in Panel A of Appendix Table A.4. The results
show that the dollar store exposure effect in rural census tracts increased over time. The estimates
for 2000 to 2004 are statistically different from those after 2010. However, the estimated treatment
effects for periods after 2010 are statistically indifferent from the main results at conventional levels
of statistical differences. Although grocery retail markets were already highly concentrated before
the considerable expansion of dollar stores after 2000 (McCorriston 2002; Cakir et al. 2020), it
seems likely that dollar stores have developed substantial market power in relevant rural markets,

exerting increasing competitive pressure in those horizontally differentiated markets (Sexton 2013).

Next, we study treatment heterogeneity across census regions. Grigsby-Calage et al. (2021) doc-
ument considerable geographic differences in the entry patterns of dollar stores across the United
States. Up to 2000, dollar stores were mainly entering markets in the South, Midwest, and North-
east regions. Since then, they have aggressively expanded in non-metro areas in the Northeast and
Midwest (Chenarides et al. 2021). Panel B of Appendix Table A.4 shows that the heterogeneous
treatment effect estimates of dollar store exposure in rural census tracts reflect this expansion
pattern. For instance, we find more considerably adverse treatment effects for the Midwest re-
gion, where dollar store exposure leads to a 7.0 percent increased exit probability, an employment
reduction of 8.2 percent, and reduced sales of 11.6 percent. However, we cannot conclude that
those treatment effects are different from each other at conventional levels of statistical signifi-
cance. These findings highlight that the underlying mechanisms of entry, exit, and investment
cause similar economic outcomes for independent grocery retailers across census regions (Caoui

et al. 2022).
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Lastly, we explore whether the treatment response varies by retailer scale. Chain grocery retailers
could be incentivized to extenuate their response to dollar store entry by adjusting food prices
and changing the product range (Uusitalo 2004). Therefore, supermarkets and other large-format
grocery retailers are unlikely to exit shared retail markets but could face adverse sales effects in
such competitive markets (Richards et al. 2022). The estimates of the dollar store exposure effects
for chain grocery retailers in rural census tracts, as presented in Panel C of Appendix Table A.4,
provide no statistical evidence for adverse treatment effects for retailer count and employment.
At the same, we find some statistical support for adverse sales effects that are smaller than those
observed for independent grocery retailers. This finding indicates that dollar stores compete directly
with independent and chain grocery retailers for the local retail market despite the horizontal

differentiation of the product characterizing independent grocery retailers (Cakir et al. 2020).

Fized Effects Choice — The baseline specification includes census tract fixed effects, time dummies,
and linear market trends following Arcidiacono et al. (2020). This choice implies that our main
results are conditional on those fixed effects absorbing the unobserved correlation at those levels
that could potentially bias our estimates. Related empirical studies rely on various fixed effects
structures when estimating the entry effects in grocery retail markets (see, e.g., Arcidiacono et al.
2020; Cakir et al. 2020; Caoui et al. 2022; Richards et al. 2022). To test the robustness of our main
results to the choice of the fixed effects, we estimate Equation 1 excluding the linear market trends
in Model (1) and adding state-year fixed effects in Model (2) and county-year fixed effects in Model
(3), as presented in Appendix Table A.5. We find limited evidence for treatment heterogeneity
conditional on the fixed effects choice. While the treatment estimates are (sometimes) smaller when
accounting for a larger share of variation through the interacted year fixed effects, all estimates
are statistically indifferent from the main results at conventional levels of statistical significance.
Therefore, the estimated treatment effects of dollar store exposure on the economic outcomes of
independent grocery retailers are likely causal and not caused by unobserved correlation due to

excluding more stringent fixed effects (Lu and White 2014).

Never-Treated and Not- Yet-Treated Census Tracts — The causal inference of the dollar store treat-
ment effects depends not only on the parallel trends assumption to hold but also on the use of

a credible and transparent comparison group (see for a review, Roth et al. 2022). Although we
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observe the dollar store entry history at the census tract level for up to ten years before the panel
start year, a potential concern is the use of always-treated units as control groups (Callaway and
Sant’Anna 2021; Baker et al. 2022; de Chaisemartin and D’Haultfoeuille 2022). To account for
this identification concern, we disregard always-treated census tracts and use never-treated and
not-yet-treated census tracts for the regressions presented in Appendix Table A.6. Although the
estimated treatment effects are of a larger magnitude for most economic outcomes, they are indiffer-
ent to the main results at conventional levels of statistical significance. Therefore, the “true” causal
treatment effects likely lie between our main results and the estimates that exclude always-treated

census tracts.

Log-Linear Regression — Related studies rely on a log-linear model specification to estimate the
treatment effects of competitor entry in grocery retail markets (see, e.g., Arcidiacono et al. 2020;
Cakir et al. 2020; Caoui et al. 2022; Richards et al. 2022). Although we believe that there are
drawbacks to this approach because of its inability to consistently deal with the abundance of zeros
(that have an important economic meaning), we test for the robustness of our main results using
the transformed outcome and a log-linear regression model in Appendix Table A.7. The treatment
effects of dollar store exposure are similar for the outcome of independent grocery retailer count but
differ in magnitude for employment and sales. However, this difference is statistically insignificant
at conventional levels, implying that our main results are robust to the distribution choice. Further-
more, because the Poisson PML estimator is unbiased and robust to heteroskedasticity, the main
results represent the “true” treatment effect of dollar store exposure on the economic outcomes of

independent grocery retailers (Wooldridge 1999; Cameron and Trivedi 2013).
5. Conclusion

The grocery retail industry is a vital source of income and employment in rural America (Cakir
et al. 2020). Independent grocery retailers provide essential services to largely remote communities
and offer access to healthy food and other community services (Racine et al. 2016; Shannon 2021).
The considerable expansion of dollar stores in rural communities has raised concerns about the
implications of dollar store entry for independent grocery retailers and food access (Chenarides

et al. 2021). So far, there is no systematic understanding of how dollar store entry affects the
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rural retail landscape. We fill this research gap using establishment-level business data for all
U.S. grocery retailers from 2000 to 2019. Exploiting our dataset’s spatial and temporal features,
we estimate the causal effects of dollar store exposure on the economic outcomes of incumbent
independent grocery retailers. Our main results show that independent grocery retailers are 2.3
percent more likely to exit after dollar store entry, experiencing an employment reduction of 3.7
percent and lower sales of 5.7 percent. Zooming in on rural communities, we show that the exit
probability of independent grocery retailers is almost three times larger than that of independent
grocery retailers operating in urban communities. After dollar store exposure, retail employment
decreases by 7.1 percent, while sales fall by 9.2 percent for independent grocery retailers in rural
census tracts. Event studies show that the response of independent grocery retailers to dollar store
entry is delayed, with the exit probability being indifferent from zero one year after a dollar store
entry. Notably, the adverse dollar store entry effects are more pronounced and persistent in rural
communities, reflected by increased exit rates, higher job losses, and systematically depressed sales

among independent grocery retailers.

Our research nuances previous work on dollar store entry, retail competition, and rural employment
(Cakir et al. 2020; Chenarides et al. 2021; Richards et al. 2022). Different from Walmart entry,
which has been shown to have limited implications for mom-and-pop and small chain stores due
to horizontal differentiation (Basker 2005; Neumark et al. 2008; Arcidiacono et al. 2016, 2020), we
provide evidence that dollar store entry has considerable and persistent implications for indepen-
dent grocery retailers in rural communities. Matsa (2011) showed that competition from Walmart
incentivizes grocery retailers to invest in product quality because of the risk that customers will
switch stores. Similar incentives may play out in urban census tracts, where the dollar store entry
effect disappears after five years. In addition, lower entry costs and technology scaling in urban
census tracts can explain this recovery pattern (Balland et al. 2020). The adverse dollar store entry
effects in rural census tracts are more persistent and larger in magnitude because entry thresholds
are higher in those retail markets (Cleary and Chenarides 2022). This pattern also reflects in the
differential productivity effects between urban and rural regions caused by competitive market en-
try (Hakansson et al. 2019). Particularly after 2019, the emergence of online e-commerce in grocery

retail has presented itself as a new opportunity and threat to rural grocery retailers, which could

18



have considerable implications for how food retailing operates in rural communities (Hortagsu and
Syverson 2015; Meemken et al. 2022). A particularly exciting venue for future research relates to
the competitive effects of market entry for the retail market structure accounting for different retail

formats, competition bands, and treatment dynamics (Arcidiacono et al. 2020).
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Tables and Figures

Table 1: Main Results.

Count Employment Sales
Panel A: Average treatment effects
All census tracts -0.023%** -0.038%#* -0.059%**
(0.004) (0.007) (0.017)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824
Panel B: Conditional average treatment effects
Urban census tracts -0.017%** -0.028%** -0.048**
(0.004) (0.008) (0.020)
Rural census tracts -0.051%** -0.074%** -0.096***
(0.009) (0.016) (0.022)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824

Note. The table shows estimates of the dollar store exposure effect on inde-
pendent grocery retailer count, employment, and sales. All regressions include
census tract fixed effects, time dummies, and linear market trends. Standard
errors are adjusted for within-cluster correlation at the census tract level. ***
** and * indicate statistical significance at the 1 percent, 5 percent, and 10
percent confidence levels, respectively.
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Table 2: Spatial Spillover Effects.

Count Employment Sales
Panel A: Number of entries in adjacent census tracts
Urban treatment effect -0.018%** -0.030%** -0.050%*
(0.004) (0.008) (0.020)
Rural treatment effect -0.0517%** -0.073%** -0.095%**
(0.009) (0.016) (0.022)
Spatial lag 0.009*** 0.011%*** 0.014%***
(0.001) (0.002) (0.004)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824
Panel B: Any entry in adjacent census tracts
Urban treatment effect -0.017%** -0.028%** -0.048%*
(0.004) (0.008) (0.020)
Rural treatment effect -0.051%** -0.074%** -0.096***
(0.009) (0.016) (0.022)
Spatial lag 0.006* -0.004 -0.001
(0.004) (0.008) (0.009)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824
Panel C: Share of adjacent census tracts with entry
Urban treatment effect -0.018%*** -0.029%#* -0.049**
(0.004) (0.008) (0.020)
Rural treatment effect -0.0517%** -0.074%** -0.095%**
(0.009) (0.016) (0.022)
Spatial lag 0.059%** 0.050%*** 0.047
(0.010) (0.019) (0.031)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824

Note. The table shows estimates of the dollar store exposure and spatial spillover
effects on independent grocery retailer count, employment, and sales. We test
three competing spatial lag models. We look at the margins of dollar store expo-
sure in Panels A and B and the density of dollar store exposure in neighboring
census tracts in Panel C. All regressions include census tract fixed effects, time
dummies, and linear market trends. Standard errors are adjusted for within-
cluster correlation at the census tract level. *** ** and * indicate statistical
significance at the 1 percent, 5 percent, and 10 percent confidence levels, respec-
tively.
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Figure 1: Dollar Store Expansion.

Note. The figure shows the number of dollar stores by census region between 2000 and 2019.
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Figure 2: Event Studies.

Note. The figure shows event study estimates for dollar store exposure and independent grocery retailer count, employment, and sales for urban and rural census
tracts. All regressions include census tract fixed effects, time dummies, and linear market trends. Standard errors are adjusted for within-cluster correlation
at the census tract level. We plot the dynamic treatment parameters, 95 percent confidence intervals, and uniform sup-t bands for the event-time coefficients.
Results from a static model are overlaid as a dashed line. We report Wald tests for pre-trends, leveling off dynamic treatment effects, the pseudo R-squared, and
the observation number in the figure note.



Appendix Tables and Figures

Table A.1: 2010 RUCA Codes.

Code Classification Description

1 Metropolitan area core: primary flow within an urbanized area (UA)

2 Metropolitan area high commuting: primary flow 30 percent or more to
a UA

3 Metropolitan area low commuting: primary flow 10 percent to 30 percent
to a UA

4 Micropolitan area core: primary flow within an urban cluster of 10,000
to 49,999 (large UC)

5 Micropolitan high commuting: primary flow 30 percent or more to a
large UC

6 Micropolitan low commuting: primary flow 10 percent to 30 percent to
a large UC

7 Small town core: primary flow within an urban cluster of 2,500 to 9,999
(small UC)

8 Small town high commuting: primary flow 30 percent or more to a small
UcC

9 Small town low commuting: primary flow 10 percent to 30 percent to a
small UC

10 Rural areas: primary flow to a tract outside a UA or UC

99 Not coded: Census tract has zero population and no rural-urban iden-

tifier information

Note. The table describes the 2010 RUCA codes. The data come from the Economic Research
Service (2022).
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Table A.2: Descriptive Statistics.

Sum Mean SD Min. Max. Obs.

Panel A: All census tracts

Count 2,358,259 2.08 2.08 0 57 1,131,414
Employment 14,306, 497 12.64 23.96 0 4,048 1,131,414
Sales 1,477,074, 563 1,305.51 4,440.36 0 769,117 1,131,414
Dollar stores 519,126 0.46 0.80 0 45 1,131,414
Panel B: Urban census tracts

Count 1,944, 530 2.13 2.19 0 57 913,242
Employment 11,005,974 12.05 24.04 0 4,048 913,242
Sales 1,138,802, 583 1,246.99 4,735.36 0 769,117 913,242
Dollar stores 377,205 0.41 0.74 0 15 913,242
Panel C: Rural census tracts

Count 413,729 1.90 1.57 0 56 218,172
Employment 3,300,523 15.13 23.48 0 700 218,172
Sales 338,271,980 1,550.48 2,883.08 0 235,914 218,172
Dollar stores 141,921 0.65 0.99 0 45 218,172

Note.

The table shows the descriptive statistics for all census tracts and separates the outcome and

treatment variables by urban and rural census tracts. We calculated the sum, mean, standard deviation
(SD), minimum (min.), maximum (max.), and observation numbers (obs.) for the three outcome variables
(independent grocery retailer count, employment, and sales) and the treatment variable (dollar store

count).
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Table A.3: Concepts of Rurality.

Count Employment Sales
Panel A: Census definition of rurality
Urban census tracts -0.017%%* -0.032%** -0.042%**
(0.004) (0.008) (0.016)
Rural census tracts -0.047%** -0.059%** -0.112%*
(0.009) (0.016) (0.044)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824
Panel B: RUCA codes 4 to 7 and 8 to 10
Metropolitan census tracts -0.017%** -0.028*** -0.048%*
(0.004) (0.008) (0.020)
Micropolitan census tracts -0.038%** -0.082%** -0.110%**
(0.012) (0.021) (0.029)
Small town and rural census tracts -0.081%** -0.056%** -0.062**
(0.016) (0.021) (0.026)
Pseudo R-squared 0.305 0.693 0.827
Observations 1,069,824 1,069,824 1,069,824

Note. The table shows estimates of the dollar store entry exposure on independent grocery
retailer count, employment, and sales for different concepts of rurality. Panel A uses the
Census Bureau’s definition of metropolitan and micropolitan statistical areas (U.S. Census
Bureau 2022). We follow their procedure and define all census tracts in non-metropolitan
as rural. Panel B uses the RUCA codes to distinguish metropolitan from micropolitan and
other census tracts (Economic Research Service 2022). All regressions include census tract
fixed effects, time dummies, and linear market trends. Standard errors are adjusted for within-
cluster correlation at the census tract level. *** ** "and * indicate statistical significance at

the 1 percent, 5 percent, and 10 percent confidence levels, respectively.
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Table A.4: Treatment Heterogeneity.

Count Employment Sales
Panel A: Over time
2000 to 2004 -0.014 0.013 -0.011
(0.013) (0.020) (0.028)
2005 to 2009 -0.037%** -0.040%* -0.056%*
(0.010) (0.016) (0.025)
2010 to 2014 -0.070%** -0.119%** -0.158%**
(0.010) (0.017) (0.022)
2015 to 2019 -0.063*** -0.136%** -0.158%**
(0.012) (0.020) (0.027)
Pseudo R-squared 0.305 0.694 0.827
Observations 1,069,824 1,069,824 1,069,824
Panel B: Between census regions
Northeast -0.057** -0.091°** -0.101°%*
(0.026) (0.036) (0.039)
Midwest -0.073%** -0.086*** -0.123%**
(0.017) (0.026) (0.038)
South -0.042%** -0.048* -0.088**
(0.014) (0.027) (0.043)
West -0.041%* -0.091°** -0.056
(0.025) (0.042) (0.039)
Pseudo R-squared 0.306 0.692 0.827
Observations 1,064,782 1,064,782 1,064,782
Panel C: Across store formats
Dollar store exposure -0.020 -0.036 -0.086*
(0.013) (0.031) (0.051)
Pseudo R-squared 0.207 0.748 0.782
Observations 582,064 582,064 582,064

Note. The table shows treatment heterogeneity estimates of the dollar store
exposure effect on independent grocery retailer count, employment, and sales.
We present interaction effects by the panel period in Panel A and by the census
region in Panel B. Panel C shows estimates for chain grocery retailers. We only
report estimates for the rural census tracts. Estimates for the urban census
tracts are available upon request from the authors. All regressions include census
tract fixed effects, time dummies, and linear market trends. Standard errors are
adjusted for within-cluster correlation at the census tract level. *** ** and
* indicate statistical significance at the 1 percent, 5 percent, and 10 percent
confidence levels, respectively.
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Table A.5: Robustness to Fixed Effects Structure.

Count Employment Sales
(1) (2) (3) (1) (2) (3) (1) (2) (3)
Panel A: Average treatment effects
All census tracts -0.026***  -0.025%**%  -0.029%FF  -0.052%FF  -0.040%F*  -0.042%F*  -0.070%**  -0.056*F**  -0.045%**
(0.004) (0.004) (0.004) (0.007) (0.007) (0.007) (0.019) (0.013) (0.009)
Pseudo R-squared 0.303 0.307 0.313 0.689 0.695 0.708 0.822 0.829 0.851
Observations 1,069,915 1,069,824 1,062,855 1,069,915 1,069,824 1,062,855 1,069,915 1,069,824 1,062,855

Panel B: Conditional average treatment effects

Urban census tracts ~ -0.006  -0.021%%F _0.028%%% _0.025%%% -0.033%%% _0.030%%%  _0.046%  -0.048%** _(.037F**
(0.004)  (0.004)  (0.004)  (0.008)  (0.008)  (0.008)  (0.023)  (0.015)  (0.010)
Rural census tracts  -0.132%%%  _0.047%%F _0.038%%% _0.151%%% _0.067%%* -0.060%** -0.156*** -0.089%** _(.083%**
(0.010)  (0.009)  (0.010)  (0.017)  (0.015)  (0.015)  (0.023)  (0.022)  (0.018)

Pseudo R-squared 0.303 0.307 0.313 0.689 0.695 0.708 0.822 0.829 0.851
Observations 1,069,915 1,069,824 1,062,855 1,069,915 1,069,824 1,062,855 1,069,915 1,069,824 1,062,855

Note. The table shows robustness estimates of the dollar store exposure on independent grocery retailer count, employment, and sales. Model
(1) excludes the linear market trends, while we add state-year fixed effects in model (2) and county-year fixed effects in model (3). All regressions
include census tract fixed effects, time dummies, and linear market trends. Standard errors are adjusted for within-cluster correlation at the
census tract level. *** ** and * indicate statistical significance at the 1 percent, 5 percent, and 10 percent confidence levels, respectively.



Table A.6: Exclude Always-Treated Census Tracts.

Count Employment Sales
Panel A: Average treatment effects
All census tracts -0.025%** -0.056%** -0.088***
(0.005) (0.008) (0.022)
Pseudo R-squared 0.270 0.674 0.823
Observations 834,480 834,480 834,480
Panel B: Conditional average treatment effects
Urban census tracts -0.017%%* -0.039%** -0.076***
(0.005) (0.009) (0.026)
Rural census tracts -0.070%** -0.115%** -0.133%**
(0.011) (0.017) (0.022)
Pseudo R-squared 0.270 0.674 0.823
Observations 834,480 834,480 834,480

Note. The table shows estimates of the dollar store exposure effect on inde-
pendent grocery retailer count, employment, and sales when excluding always-
treated census tracts. The control group includes not-yet-treated and never-
treated units. All regressions include census tract fixed effects, time dummies,
and linear market trends. Standard errors are adjusted for within-cluster corre-
lation at the census tract level. ***  ** "and * indicate statistical significance
at the 1 percent, 5 percent, and 10 percent confidence levels, respectively.
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Table A.7: Log-linear Regression.

Count Employment Sales
Panel A: Average treatment effects
All census tracts -0.035%** -0.119%** -0.111%**
(0.009) (0.006) (0.006)
Adjusted R-squared 0.773 0.728 0.738
Observations 1,100,680 1,100,680 1,100,680
Panel B: Conditional average treatment effects
Urban census tracts -0.019* -0.110%** -0.101%%*
(0.011) (0.006) (0.006)
Rural census tracts -0.105%** -0.158%** -0.154%**
(0.018) (0.014) (0.014)
Adjusted R-squared 0.773 0.728 0.738
Observations 1,100,680 1,100,680 1,100,680

Note. The table shows estimates of the dollar store exposure effect on indepen-
dent grocery retailer count, employment, and sales using a log-linear regression
model. We kept the count outcome in levels and log-transformed employment
and sales. All regressions include census tract fixed effects, time dummies, and
linear market trends. Standard errors are adjusted for within-cluster correla-
tion at the census tract level. *** ** and * indicate statistical significance
at the 1 percent, 5 percent, and 10 percent confidence levels, respectively.
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Figure A.1: Rural Census Tracts.

Note. The figure shows rural census tracts in the continental United States. We define rural census tracts based on
RUCA codes 4 to 10. Appendix Table A.1 provides the description of these codes. provides The census tract shapes
are simplified.
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