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Development on Inner-City
Neighborhood Residential Prices
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A difference-in-differences approach is used to measure the impact of new inner-
city grocery store developments on residential housing values in Worcester,
Massachusetts. Using geocoded housing sales from 1988–2011, we develop a
hedonic model, exploiting temporal and spatial discontinuities, to identify the
effect of 12 new grocery stores on neighborhood housing prices. Results suggest
these new stores were associated with an increase in sale prices of nearby
homes, and these results could help inform current policies related to urban food
deserts, in that new grocery stores have the potential to improve neighborhood
wealth as well as health.

Key words: difference-in-differences, grocery stores, hedonic models

The burgeoning obesity epidemic in the United States (Nguyen and El-Serag
2010, Flegal et al. 2012), with large disparities among different population
groups along ethnicity and socioeconomic lines (Wang and Beydoun 2007),
has highlighted the need for access to affordable healthy food throughout the
United States. The presence of strong residential segregation in housing
markets among these socioeconomic groups may affect the local food
environment, which potentially can be a factor in leading to these negative
health outcomes for disadvantaged groups. Geographic areas lacking in
affordable healthy food have been termed food deserts, and a growing
research literature from many academic disciplines has demonstrated that
these food deserts are more likely to occur in poorer neighborhoods (Powell
et al. 2007, Chen et al. 2010, Walker, Keane, and Burke 2010). These
geographic regions are more likely to have more convenience stores and fast
food outlets than grocery stores, resulting in less healthy food consumption
and worse health outcomes for their residents (Brown et al. 2008, Galvez
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et al. 2009). Other studies have demonstrated the positive relationship between
access to grocery stores offering a greater variety of healthy food at lower prices
and improved health outcomes for neighborhood residents (Morland et al.
2002, Zenk et al. 2005, Moore and Roux 2006, Auld and Powell 2008,
Krukowski et al. 2010, Yan, Bastian, and Griffin 2015).
These linkages between food deserts and poor health outcomes for their

residents has led the U.S. Federal Government to establish the Healthy Food
Financing Initiative (HFFI), a partnership among the Treasury Department,
Health and Human Services, and the U.S. Department of Agriculture (Holzman
2010), with over $140 million in grants distributed since 2011, funding a
range of projects to increase access to healthy foods (Healthy Food Access
Portal 2015) and with continued support of $125 million authorized in the
2014 Farm Bill (USDA 2014). In addition, a portion of Michelle Obama’s
“Let’s Move!” campaign has worked with grocery chains including
SUPERVALU, Walgreens, Walmart and regional retailers such as California
Fresh Works Fund and Brown’s Super Store (The White House Office of the
First Lady, 2011) that have pledged to open more stores in underserved
areas. However, it is too early to tell if either of these two new initiatives
have had an impact on the health outcomes of residents in these
communities (Cummins, Flint, and Matthews 2014).
With this new policy focus on expanding grocery stores in food deserts, we

investigate a related but under-researched question: what are the effects of
new urban grocery stores on residential property values? As discussed above,
many of these geographic areas often are home to lower-income residents;
any changes in their housing prices may affect their financial health as well.
We use an interesting case study of Worcester Massachusetts, to help shed
light on this question. Worcester is the second largest city in New England,
with a population of approximately 181,000 in 2010, located in central
Massachusetts, about 50 miles west of Boston. While Worcester has a larger
minority population than the state as a whole (36 vs. 22 percent) and lower
income ($43,492 in 2012, about two thirds of the state median household
income), which are the usual sociodemographic characteristics of residents in
food deserts, between 1988 and 2012, 12 new grocery stores opened in the
city, tripling the number of grocery stores in the city, during a time frame
when overall population increased by approximately 7 percent and new
home construction was at the lowest level of the past 60 years (Executive
Office of Economic Development, City of Worcester, MA, 2012). Strikingly,
these new grocery store openings occurred before any of the recent policy
initiatives in Massachusetts, such as the passage in 2014 of the
Massachusetts Food Trust Program to authorize $2 million for food initiatives
in low- and moderate-income communities. Therefore, we use the experience
of Worcester to help inform policymakers of these potentially unintended
consequences of new grocery store developments on neighborhood financial
health, for proposals such as the HFFI.
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Research Questions and Empirical Strategy

The past half century of economic research on the capitalization of residential
housing prices of different neighborhood amenities and disamenities
associated with nearby land uses and access to features of the landscape
demonstrates that homebuyers have preferences over these features. Most of
these analyses use a hedonic pricing approach to test hypotheses concerning
the sign and size of these effects. Hedonic models are reduced-form statistical
models used to trace the locus of equilibrium transaction prices as a function
of the characteristics of the real estate transacted. These models assume that
a residential property is a heterogeneous good, made up of a bundle of
characteristics. Each characteristic of the parcel, including surrounding land
uses and access to landscape features, contributes to the sales price of the
property. Examples of applications of hedonic models to value different
amenities and disamentities include: clean air (Smith and Huang 1993); clean
water (Leggett and Bockstael 2000); open space (Geoghegan 2002);
Superfund sites (Kiel and Williams 2007); airport noise (Pope 2008);
transportation access (Bowes and Ihlanfeldt 2001); among many others (for
an overview of hedonic property models, see Palmquist 2005).
Early examples that explicitly try to measure the effect of commercial land

uses on neighboring housing prices include Li and Brown (1980) and Song
and Knapp (2004). In two recent applications (Johnson et al. 2015, Pope and
Pope 2015), researchers investigate the effect of large “big box” retail
establishments, such as Target and Walmart on nearby residential land
markets. While Walmart is currently the largest grocery retailer in United
States and as a result can have an impact on local food prices, (Ellickson and
Grieco 2013), these stores also are much larger than a “traditional” grocery
store, sell many other household items, and do not often open in urban core
neighborhoods. Therefore the results from these studies may not carry over to
our research question. However, the key motivations and empirical strategy
put forth by Pope and Pope (2015) are relevant for us. They argue that a new
Walmart could be viewed an amenity, valued for increased ease of access, or
as a disamenity, due to congestion and other negative externalities. We make a
similar argument for the impact of a new grocery store on nearby residential
values as well, specifically that the grocery store is a disamenity for properties
that are very close, as a result of congestion and noise externalities, while the
grocery store becomes an amenity at a slightly further distance, because of
easier access, but that the effect decays as the distance between the house and
the grocery store increases. However, it is an empirical question of the relevant
distances to have a measureable impact, and therefore we use a number of
different distances to test this effect in our empirical specification.
Pope and Pope (2015) also discuss the limitations of the early hedonic models

that investigated issues related to the impact on housing prices of different
externalities and accessibility features of the landscape. First, these models
used a cross-sectional approach to estimate the effect of the feature in
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question; therefore, omitted variable bias could affect the estimated implicit
prices if other features of the landscape also influence residential land prices
but are not included in the model. Second, by ignoring the endogenous nature
of the locational choice of a new store, a traditional cross-sectional approach
could also result in biased estimation of implicit prices. Instead, Pope and Pope
advocate for the use of new methods in quasiexperimental design that make
use of discontinuities in time and/or space to help clearly identify and estimate
the implicit prices of the characteristics of interest (for an overview of this
approach, see Parmeter and Pope 2013; for an application of this approach to
housing markets in Worcester, see Brown and Geoghegan 2011). Given
information on both the timing and location of new Walmart stores opening,
they develop a difference-in-differences approach to compare residential sale
prices before and after the construction of a Walmart store for residential
properties located near a new store (the treatment group) to residential
properties located further away from a new store (the control group). The key
feature of this empirical strategy is that it can avoid the potential endogeneity
of both the location and timing decision of the opening of these new stores.
Given similar concerns for the endogeneity of the timing and location of new

grocery store openings inWorcester, we take a parallel difference-in-differences
approach as well, using temporal and spatial discontinuities to address the
potential endogeneity issue. As Pope and Pope argue, by including spatial fixed
effects in the empirical specification and comparing residential sales before
and after the opening of each new grocery store, the omitted variables that
could potentially bias a traditional hedonic approach that do not change over
time are differenced away. However, for this approach to be valid, the
assumption is that the time trends in housing prices would be the same in the
treatment and control groups would have been the same without the opening
of the new store (Pope and Pope, 2015). Given that our analysis focuses on a
single city, coupled with the spatial specificity and disaggregation of our data,
we believe this is a reasonable assumption. In addition, we include falsification
tests and time trend analysis below to further justify this assumption.
Therefore, similar to Pope and Pope, we use residential properties within an

800-meter (approximately one-half mile) radius of the grocery store as the
treatment group, and properties located more than 800 meters away as the
control, with interactions with an indicator variable for properties that sold
after the new store opening1. Our empirical specification is:

(1) ln(Priceijy) ¼ β jy þ αX i þ γY i þ θd1D
d
ij þ θd2D

d
ijPostiy þ εijy

The log of a sales price of home i is a function of a grocery store j by year y; a
specific store and year effect (βjy); an indicator variable for the year of

1 USDA (2009) establishes that a grocery store’s walkability access is high if the nearest grocery
store is within 0.5 miles, approximately 800 meters, walking distance.
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residential sale (Yi); observable individual house characteristics as well as
neighborhood characteristics (Xi); indicator variables, (Dd

ij) for sales within a
prespecified distance (d) from the grocery store regardless of whether the
grocery store has been established or not (where the distance varies as
described below in the data description); interactions of each of these spatial
indicators with an indicator (Postiy) for if the sale occurred after the opening
of the grocery store, and an error term (ɛijy).
The estimated parameters of the model include: α is a vector of coefficients

for the effects of various housing and neighborhood characteristics; γ
captures annual changes in the real estate market that could result from
macroeconomic fluctuations; θ1 estimates the fixed effect of being located
within distance d from a grocery store; and θ2 measures the price effect of
being located within distance d from a grocery store after the date of opening
of the grocery store. Statistical significance of θ2 implies that grocery store
openings have an effect on a particular neighborhood’s real estate market. In
addition, as discussed above, we hypothesize that the coefficient will be
negative for properties located adjacent to, or in close proximity to, a grocery
store, because of congestion and other negative externalities, but positive for
properties located somewhat further away, due to the positive effect of
accessibility, but that the positive impact is expected to fall as the distance
between the new grocery store and the residential property increases.
Given that the timeframe of our study, from 1988 to 2011, includes a dramatic

increase in housing prices that occurred throughout Massachusetts during the
middle of the timespan (Goodman et al. 2004), as well as the crash in the
housing market associated with the Great Recession of 2008, both the level
and time trend in prices are critical considerations in our application. While
it does not appear that there is a great deal of difference between the overall
time trend in housing prices for Worcester as a whole compared to the
subgroup of housing sales within approximately one-half mile of all new
grocery stores as can be seen in Figure 1, with further spatial disaggregation,
the time trends can vary more greatly. Using a specific grocery store as an
example, Figure 2 shows the time trend for all residential sales over the time
period within 800 meters of this particular grocery store compared with
residential sales within more disaggregated distances around the grocery
store. There is more variability in housing prices at this particular scale in
both the temporal and spatial dimensions. Therefore, similar to Pope and
Pope (2015), we check the validity of our difference-in-differences results by
exploring a set of falsification tests in which the opening year of grocery
stores is shifted to earlier years.

Data Description

Housing sales data from the Warren Group were purchased for all residential
sales that occurred in the city of Worcester over the period 1988 through
2011. These data include information on the location of the property, date of
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sale, style of the structure, lot size, and other housing characteristics.
Neighborhood characteristics are from the American Community Survey
(ACS) 5-year summary (2006–2010). Data on grocery store location and year
of opening were obtained from Reference USA (July 2012) for SIC code equal

Figure 1. Median Price of Houses.
a) Includes all properties in the sample b) Includes properties located within half a mile from a grocery
store.
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to 541105 and 531102. The first SIC code corresponds to grocers-retail
businesses, and the latter is for supercenters that also sell food products, of
which there was one in our sample, at the southern edge of the city (see
Figure 3). Date of grocery store opening was confirmed through Worcester

Figure 2. Average Price of Houses Located 0–800 Meters from Price Chopper
Located at 50 Cambridge Street, Worcester MA.
a) Includes all properties 0–800 meters b) Separates properties by buffering zone
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City’s directories for assorted years (Polk 1988–2011). During our study period,
twelve new grocery stores opened. The stores were at least 40,000 square feet
in size and sold a wide variety of food products ranging from fresh vegetables
and fruits to processed foods. Excluded from the data were smaller specialty
stores, convenience stores, and retail bakeries. Figure 3 shows the evolution
of grocery stores in Worcester during the study period.
All these data were geocoded for spatial analysis. Two mutually exclusive

spatial buffers were created around each of the twelve new grocery stores
(0–399.9 meters and 400–800 meters), representing the “d” distances for the
indicator variables discussed in equation 1 to determine the residential sales
within each distance category. The summary statistics for the housing data,
including sales price, and neighborhood characteristics can be found in Table 1.

Results and Discussion

Our analysis follows the difference-in-differences approach presented in
Equation 1. The regression includes spatial indicators to distinguish prices
between residential sales properties located more than 800 meters from each
new grocery store to properties located within 800 meters. The properties
within the 800-meter distance were divided into two mutually exclusive rings
which allow for a more detailed comparison between homes located close to
a grocery store to those located further away. The estimated coefficients and
standard errors of these spatial variables and their interactions with the

Figure 3. Years of Grocery Stores Opening in Worcester.
Note: Grocery stores opening on 1987 or before are labeled as “1987.”
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post-opening grocery store indicator are shown in Table 2. Column 1 includes
all the properties in the sample, column 2 excludes properties that had a sales
price in the top 1 percent of sales price observations, and column 3 excludes
properties that had a price in the top 5 percent of sales price observations.
Standard errors were clustered at the blockgroup level. The estimates of the
coefficients of the spatial variables suggest that properties located within
each of the two spatial buffers were associated with lower prices compared
to properties located more than 800 meters away. Each of the indicator
variables D0�399:9

ij and D400�800
ij has a negative and statistically significant

coefficient indicating that properties located within 800 meters from a
grocery store site sold at a price between 7 and 8 percent below the value of
comparable properties located more than 800 meters away from the store.

Table 1. Summary Statistics of Housing Data

All Residential
Properties

0–399.9
Meters

400–800
Meters

800 Meters
or More

Price 1988–2011
(Average)2

$175,759.3 $173,661.7 $171,136.9 $177,671
(76,329.54) (77234.4) (75530.63) (76461.58)

lot size (sq ft) 1542.93 1166.54 1373.8 1641.18

(5893.29) (3127.04) (4267.75) (6570.30)

Bathrooms 1.86 2.05 1.92 1.82

(0.87) (0.94) (0.95) (0.83)

Bedrooms 4.05 4.84 4.58 3.78

(2.25) (2.51) (2.62) (2.01)

Age 65.49 82.01 75.83 60.13

(37.05) (34.31) (36.84) (36.11)

Annual median
household income
(2010 inflation-
adjusted $)

$58,196.42 $44,492.96 $49,115.13 $62,020.17
(25,373.01) (15,694.31) (18,382.09) (26,702.95)

% of households that
own 1 or more cars

87.74 87.75 86.77 88.03
(12.28) (9.61) (10.9) (12.83)

% White 70.71 56.47 63.97 73.87

(21.31) (24.54) (23.17) (19.43)

Population density
per square mile

6186.43 7650.12 7512.05 5671.35
(4825.95) (5236.47) (5324.29) (4525.45)

# Property Sales 33949 2211 8576 23162

2 This average excluded properties in the sample that had a sales price in the top 1 percent.
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Overall, this suggests that grocery stores are located in lower priced
neighborhoods. The first row of Table 1 shows the average sales price of all
the properties sold between 1988 and 2011. Average sales price for
properties within the 800-meter buffers were below the city’s average sales
price and below the prices of properties located more than 800 meters away
from a grocery store. This could reflect the differences in housing structure
and neighborhood characteristics. Houses within the 800-meter buffers are
on average older and have a smaller lot size, and these neighborhoods are
more racially diverse and densely populated.
In terms of the impact of a new grocery store development on real estate

prices, the estimated coefficient of the interaction term Dd
ijPost iy identifies

the effect on sales price of a house located within a specific distance band
from the grocery store. The estimated coefficients of D0�399:9

ij Post iy and

D400�800
ij Post iy have positive magnitudes. In addition, the coefficient is larger

for properties located closest to the grocery store. For example, as shown in
columns 1–3 of Table 2, properties located within 399.9 meters from a

Table 2. Impact of Grocery Store Openings in Housing Prices

Sample
All

Observations
Excludes Properties
with Top 1% Prices

Excludes Properties
with Top 5% Prices

(1) (2) (3)

Variables logprice logprice logprice

Grocery store distance
0–399.9 meters

�0.076*** �0.073*** �0.072***
(0.028) (0.027) (0.027)

Grocery store distance
400–800 meters

�0.081*** �0.080*** �0.076***
(0.018) (0.018) (0.017)

Grocery store distance
0–399.9 m*Post
Grocery store

0.073*** 0.070*** 0.071***
(0.024) (0.024) (0.024)

Grocery store distance
400–800 m*Post
Grocery store

0.039** 0.039** 0.037**
(0.019) (0.019) (0.018)

Housing Characteristics Yes Yes Yes

Neighborhood
Characteristics

Yes Yes Yes

Clustered SE Yes Yes Yes

N 33,849 33,583 32,619

R-squared 0.589 0.599 0.584

Robust standard errors in parentheses
*** p< 0.01, ** p< 0.05,þ p< 0.1
Note: All regressions control for year fixed effects
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grocery store experienced a 7 percent increase in price after the store opened,
while properties located within 400–800 meters from the grocery store
experienced approximately a 4 percent increase in value. As a comparison,
Pope and Pope (2015) found that a new Walmart store increases housing
prices between 2 and 3 percent for houses located within 0.5 miles of the

Table 3. Impact of Grocery Store Openings in Housing Prices for More
Disaggregated Buffers

Sample
All

Observations
Excludes Properties
with Top 1% Prices

Excludes Properties
with Top 5% Prices

(1) (2) (3)

Variables logprice logprice logprice

Grocery store distance
0–199.9 meters

�0.10366 �0.10062 �0.09851
(0.06349) (0.06409) (0.06452)

Grocery store distance
200–399.9 meters

�0.07078** �0.06747** �0.06674**
(0.02840) (0.02844) (0.02763)

Grocery store distance
400–599.9 meters

�0.0749*** �0.0705*** �0.0713***
(0.02149) (0.02099) (0.02115)

Grocery store distance
600–800 meters

�0.0845*** �0.0845*** �0.0788***
(0.02107) (0.02056) (0.02026)

Grocery store distance
0–199.9 m*Post
Grocery store

0.09786þ 0.09685 0.09464
(0.05840) (0.05965) (0.05956)

Grocery store distance
200–399.9 m*Post
Grocery store

0.06805** 0.06516** 0.06703**
(0.02634) (0.02617) (0.02598)

Grocery store distance
400–599.9 m*Post
Grocery store

0.01695 0.01561 0.01632
(0.02448) (0.02377) (0.02409)

Grocery store distance
600–800 m*Post
Grocery store

0.05274** 0.05241** 0.04979**
(0.02271) (0.02231) (0.02200)

Housing Characteristics Yes Yes Yes

Neighborhood
Characteristics

Yes Yes Yes

Clustered SE Yes Yes Yes

N 33,849 33,583 32,619

R-squared 0.58925 0.59944 0.58413

Robust standard errors in parentheses
*** p< 0.01, ** p< 0.05,þ p< 0.1
Note: All regressions control for year fixed effects
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store, while similar positive results for a newWalmart within a two-mile radius
of a residential prices can be found in Johnson et al. (2015).
The estimated coefficients on the control variables have the expected signs

and are statistically significant: homes with more bedrooms and bathrooms
sell at a higher price, as do properties with larger lots. Homes in
neighborhoods with lower income, lower education levels and higher
percentages of minorities sell at lower prices.
In order to test the robustness of these results, we further disaggregated the

800-meter distance into four mutually exclusive rings (0–199.9 meters, 200–
399.9 meters, 400–599.9 meters, and 600–800 meters) centered around each
of the grocery stores. One of our hypotheses was that a new grocery store
would have a nonmonotonic effect on neighboring housing prices, where
properties in close proximity to a grocery store experienced a negative impact,
and properties located further away experienced a positive distance-decaying
effect. However, as shown in Table 3, this relation was not observed across the
coefficients of the interaction terms. In fact, the coefficients of the interaction
terms D0�199:9

ij Post iy and D400�599:9
ij Post iy are not statistically significant.

Table 4. Falsification Tests of Grocery Store Opening Year and Impact on
Housing Prices

Number of Years Grocery Store Opening
Date is Shifted

3 years
earlier

4 years
earlier

5 years
earlier

(1) (2) (3)

Variables logprice logprice Logprice

Grocery store distance 0–399.9 meters �0.124*** �0.121** �0.111**

(0.030) (0.034) (0.035)

Grocery store distance 400–800 meters �0.097*** �0.102*** �0.103***

(0.019) (0.020) (0.021)

Grocery store distance 0–399.9 m*Post
Grocery store

0.044 0.036 0.020
(0.031) (0.037) (0.040)

Grocery store distance 400–800 m*Post
Grocery store

0.018 0.024 0.024
(0.016) (0.017) (0.018)

Housing Characteristics Yes Yes Yes

Neighborhood Characteristics Yes Yes Yes

Clustered SE Yes Yes Yes

R-squared 0.592 0.592 0.592

N 26,724 26,724 26,724

Robust standard errors in parentheses
*** p< 0.01, ** p< 0.05,þ p< 0.1
Note: All regressions control for year fixed effects
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Finally, falsification tests were conducted to identify whether the observed
increase in housing prices was due to a grocery store opening a short
distance from the property. One of the concerns is that there may be
confounding factors affecting the price of houses close to the grocery store’s
site before its announcement and opening date. Hence, similar to Pope and
Pope (2015), we constructed false opening dates for the grocery stores and
shifted the opening years of grocery stores three, four, and five years prior to
the actual opening years3. If the grocery store had an impact on property
values, we should observe a positive effect when the grocery store is
announced and opened, and not in prior years. The results of these tests are
shown in Table 4. None of the coefficients of the interaction terms provide
evidence of property values near a grocery store’s site increasing in value
three, four, and five years before the store’s actual opening year. Thus, these
results suggest that the opening of a new grocery store does have a positive
effect on nearby residential property values.

Conclusions

In this study, we investigated the effect of the opening of a new grocery store on
housing prices in Worcester, Massachusetts for the period 1988–2011. Using
geocoded housing sales data of single-family homes, different mutually
exclusive neighborhoods were created around each new store opening. A
hedonic model with a difference-in-differences econometric specification was
developed to test the impact of the opening of each new grocery stores on its
neighboring property values. Our results indicate that properties located
between 400–800 meters and 0–399.9 meters from a grocery store
experienced between 4 and 7 percent increase, respectively, in the level of
prices relative to similar properties located across the city and more than
800 meters away from a grocery store.
Our results also suggest that grocery stores in Worcester were in lower

property-valued neighborhoods. In particular, our results suggest that prices
of properties located within 800 meters from a grocery store were between 7
and 8 percent below the value of properties located more than 800 meters
away. Although our analysis does not incorporate an empirical analysis
specific to food desert areas due to data limitations, many of the grocery
stores were established in the city’s low-income census blockgroups. In fact,
most grocery stores were in neighborhoods where household income was
below the city’s average median income and where minorities made up a

3 Pope and Pope (2015) found that the average Walmart in their sample took about 1.5 years to
be built after its construction and opening were announced. As our dataset includes only the year
in which the grocery store opened, we shifted the grocery store opening by three, four, and five
years. This allowed us to reduce possible changes in housing prices due to announcement
rather than the opening of the grocery store.
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larger percentage of the population. Therefore, in addition to the potential
health benefits of increased access to healthy food for these lower-income
residents, there are these additional potential benefits, such as job creation
and community development, as well as the specific benefits that are the
focus of this study: the wealth impacts for these residents via the increase
in housing values. Thus, given the government’s current interest in the
relocation and expansion of grocery stores in low-income neighborhoods,
the analysis and discussion provided in this paper could help inform
policymakers about some of the economic impact that policies seeking to
expand grocery stores in lower-income areas may generate.
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