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Wedocument a causal response of local retail prices to changes in local
house prices, with elasticities of 15–20 percent across housing cycles.
These price responses are largest in zip codes with many homeowners
and are driven by changes inmarkups rather than local costs. We argue
that markups rise with house prices because greater housing wealth
reduces homeowners’ demand elasticity, and firms raise markups in
response. Shopping data confirm that house price changes affect the
price sensitivity of homeowners, but not that of renters. Our evidence
suggests a new source of business cycle markup variation.
How do prices andmarkups respond to demand shocks? This question is
of central importance for business cycle modeling, and a large empirical
literature has tried to provide answers using aggregate time-series data.
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However, this approach requires strong assumptions, both to identify aggre-
gate demand shocks and to measure markups; consequently, the litera-
ture has arrived at conflicting conclusions regarding the cyclicality of
markups (see Nekarda and Ramey [2013] for a review). Analyzing only
time-series data also makes it hard to isolate the channels that explain
any observed relationship.
In this paper, we instead turn to microdata to provide direct causal ev-

idenceon the response of retail price-setting andhousehold shoppingbe-
havior to changes in wealth and demand, and in doing so we propose a
new channel for business cycle variation ofmarkups. In a series of papers,
Mian and Sufi (2011, 2014a, 2014b) and Mian, Rao, and Sufi (2013) doc-
ument that local house price movements have strong effects on local de-
mand. In this paper, we link retailer scanner price data and household
shopping data to zip code–level house prices to identify the response of
price-setting and shopping behavior to these house price–induced local
demand shocks. We provide evidence that households’ elasticity of de-
mand, and thus firms’ markups, vary substantially in response to these
shocks.
Our first result is that retail prices increase much more in regions with

higher house price growth. We argue for a causal relationship from house
prices to retail prices using two alternative and complementary identifica-
tion strategies. First, we follow the identification strategy inMian and Sufi
(2011) and use measures of local housing supply elasticity constructed by
Gyourko, Saiz, and Summers (2008) and Saiz (2010) as instruments for
local house price movements. Across a variety of empirical specifications,
we estimate an elasticity of local retail prices to house price movements of
15–20 percent. This elasticity is highly significant, and its magnitude im-
plies that house price–induced local demand shocks account for roughly
two-thirds of the substantial inflation differences across regions in our
sample.
Our second identification strategy exploits variation in home owner-

ship rates across zip codes. The same change in house prices will induce
different real wealth and demand effects for homeowners and renters,
since they differ in their net asset position in housing.1 Consistent with
1 House price increases relax borrowing constraints and raise wealth for homeowners.
Neither effect should be present for renters. Higher rents (either explicit or implicit rents
when living in owner-occupied housing) affect both renters and homeowners the same
way. Therefore, higher house prices raise wealth and credit access of homeowners relative
to renters.
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house prices, local demand, and retail prices 1393
these differential demand effects, we show that there is a strong interac-
tion between home ownership rates and the relationship between house
prices and retail prices. In zip codes with a high home ownership rate,
house price increases lead to the largest increases in retail prices, while
in zip codes with the lowest home ownership rates, house price increases
lead to (statistically insignificant) declines in retail prices.
Taken together, we believe that our two identification strategies pro-

vide compelling evidence for a causal effect of house price–induced local
demand shocks on local retail prices, since it is difficult to jointly explain
both results via confounding explanations such as local supply shocks.
Our first empirical results instrument for changes in house prices using
measures of the housing supply elasticity, and it is unclear why possible
confounding supply-side shocks would be particularly strong in regions
with lower housing supply elasticity. More importantly, any shock that
might violate the exclusion restriction in our instrumental variables strat-
egy would need to also vary with local home ownership rates, which dra-
matically narrows the list of potential concerns.
To provide further evidence for our causal interpretation of the ob-

served relationship, we show that the relationship between house prices
and retail prices survives an extensive set of robustness checks. In partic-
ular, we document that our results are not driven by changes in store or
product quality, changes in income or gentrification patterns, differences
in the employment mix across locations, or store entry and exit. We also
show that our results hold with coast and region fixed effects, so that our
instrumental variables results are not driven by a spurious correlation be-
tween supply elasticity and region-specific shocks. Finally, our results hold
when dropping the “sand states” that saw the largest housing bubbles as
well as other outliers and so are not driven by unusual observations.
After arguing for a causal relationship between house prices and retail

prices, we next consider why increases in house prices lead to higher re-
tail prices. By definition, an increase in retail prices must be driven by ei-
ther an increase in markups or an increase in marginal costs. While we
believe that identifying either channel would be interesting, we provide
several pieces of evidence that support markup variation as the primary
explanation for our empirical patterns.
First, our retail price data include only tradable goods in grocery stores

and drugstores. These goods are not produced locally, so their wholesale
cost should be independent of any local shocks. Indeed, we exploit a novel
data set containing Universal Product Code (UPC) level wholesale costs
from around theUnited States to show that geographic variation in whole-
sale costs is very small. Since wholesale costs represent nearly three-quarters
of total costs and an even larger fraction of marginal costs in our stores, it
is thus unlikely that geographic variation in marginal costs drives our re-
tail price patterns. To provide additional support for this argument, we
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supplement our primary analysis using data from a large national retailer,
which include measures of both marginal costs and markups. We use
these high-quality internal cost measures to directly show that this retail
chain raises markups in locations with increasing house prices. Again,
this house price effect on markups is strongest where home ownership
rates are high.
While wholesale costs are the primary component of our retailers’mar-

ginal costs and do not drive our retail price patterns, we next directly con-
sider two additional cost channels that might affect retail prices: local la-
bor costs might rise in response to increased local demand, or local retail
rents may rise.
Since labor costs are a small fraction of overall marginal cost for the

stores in our data, explaining retail price movements through this chan-
nel would require extremely large responses of local labor costs to local
demand. Consistent with this channel not being important, we find that
controlling for local wages and a variety of other labor market conditions
does not change our estimates.
Next, we provide evidence that our retail price results do not reflect

a pass-through of local retail rents or land prices. First, and most impor-
tantly, pass-through of these costs cannot explain the fact that retail
prices rise much more quickly with house prices in locations with high
home ownership rates. If the relationship between retail prices and house
prices was driven by pass-through of local land prices or rents, then local
home ownership rates should instead be irrelevant. Second, we match our
data with information on local retail rents and find that they do not af-
fect our estimates. Finally, we exclude stores in high-rent locations from
our analysis (since they should have the highest fraction of rent in total
costs) and obtain near-identical estimates.
Together, wholesale inventory costs, labor costs, and rent overhead rep-

resent essentially 100 percent of marginal costs for our retailers. Thus, if
the variation in retail prices is not driven by variation in these costs, it must
be driven by variation in markups.
Why would firms raise markups in response to positive house price

shocks, and more so in regions with more homeowners? In the final em-
pirical section of our paper, we document that positive housing wealth ef-
fects lead households to become less price sensitive, prompting firms to
increase their “natural markups” as the elasticity of demand falls.2 We use
data on individual household shopping behavior fromNielsenHomescan
to show that when house prices rise, homeowners increase their nominal
spending but purchase fewer goods with a coupon and reduce the frac-
tion of spending on generics and on items that are on sale. In contrast,
2 Following the New Keynesian literature, we refer to the markup under fully flexible
prices as the natural markup.
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the behavior of renters is essentially unchanged; if anything, renters
spend less and become more price sensitive as house prices increase.
Why would homeowners become less price sensitive as house prices in-

crease? If homeowners face the possibility of moving in the future, in-
creases in local house prices directly lead to increases in expected wealth.
In many models in which the value of leisure rises with wealth, as house-
holds become wealthier, they will allocate less time to shopping for lower
prices and thus become less price sensitive (see the discussions in Ales-
sandria [2009], Aguiar, Hurst, and Karabarbounis [2013], Huo and Ríos-
Rull [2015], and Kaplan and Menzio [2016]). Similarly, in the presence
of home equity extraction, higher house prices can alleviate credit con-
straints, relaxing homeowners’ budget constraint and similarly reducing
their price sensitivity (see Berger et al. 2018). Since house price changes
have different wealth and collateral effects for homeowners and renters,
this naturally explains the observed difference in shopping responses
and rationalizes our earlier findings that retail price responses to house
price changes depend on local home ownership rates.
Taken together, our empirical results provide evidence of an important

link between changes in household wealth, shopping behavior, and firm
price setting. Positive shocks to wealth cause households to become less
price sensitive, and firms respond by raising markups and prices.
Implications.—Our results have direct implications for understanding

the consequences of the recent housingboomandbust, whichwas central
to the Great Recession. We show that in addition to the well-documented
effects of house prices on spending (e.g., Mian and Sufi 2014a), there
were important effects on local prices. Indeed, our evidence implies that
part of the variation in local spending captures price variation rather than
variation in real spending.
Even though our results are most directly informative about business

cycle movements related to housing, we believe they provide useful in-
sights for understanding business cycles in general. While recessions can
be caused by many factors, as long as they lead to more price-sensitive
shopping behavior, then the mechanisms we identify will apply.3 There
3 Our empirical evidence of a strong interaction between household shopping behavior
and firm price setting supports the theoretical models of Huo and Ríos-Rull (2013) and
Kaplan and Menzio (2016), who argue that such interactions can give rise to recessions.
Our time-series analysis also complements cross-sectional analyses of relationships between
household characteristics and firm price setting. For example, Handbury (2012) estimates
nonhomothetic price indices that vary with household wealth in the cross section, and
Manova and Zhang (2012) show that exporters set higher prices in wealthier product mar-
kets. However, the forces driving these long-run, static relationships between wealth and
prices might be irrelevant for understanding the effects of business cycle fluctuations.
For example, permanent differences in tastes could explain the static relationships but
would not generate the changes across time in individual household behavior that we doc-
ument.
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is indeed growing empirical evidence for this type of shopping response
during recessions: Aguiar et al. (2013) show that time spent on shopping
increased during recessions, and Krueger and Mueller (2010) and Nevo
and Wong (2019) show that many measures of shopping intensity rose
during the Great Recession. Dube, Hitsch, and Rossi (2018) find that
spending shares on generic goods fall with household income and wealth
in the Great Recession, although these particular effects are small. They
also find that there are significant price responses of these goods to local
economic conditions. The fact that our house price–induced demand
shocks are large and unanticipated and generate the kinds of changes
in household shopping behavior and demand elasticity observed in reces-
sions contrasts our approachwith existingmicro studies of demand shocks
such as Warner and Barsky (1995), Chevalier, Kashyap, and Rossi (2003),
Gicheva, Hastings, and Villas-Boas (2010), andGagnon and Lopez-Salido
(2014). These papers study responses to predictable seasonal holidays,
changes in gasoline prices, store strikes, and temporary weather events.
While these demand shocks are interesting in their own right, it is less
clear whether they are informative for understanding business cycles.
To our knowledge, Coibion, Gorodnichenko, and Hong (2015) are

the first to analyze geographic variation in price setting to inform aggre-
gate business cycles. They use the same scanner data as we do to find that
prices respond little to local unemployment rates. Beraja, Hurst, and
Ospina (2019) use a broader set of scanner data that are available only
beginning in 2006 and find a larger response of prices to unemployment
rates. Our focus on exogenous changes in house prices allows us to isolate
demand shocks, while local unemployment rates reflect a combination
of local supply and demand factors.4 We also jointly analyze household
shopping behavior and firm price setting to argue that the relationship
between house prices and retail prices reflects markup variation driven
by changes in households’ price sensitivity.
This type of markup variation has significant implications for business

cycle modeling. In New Keynesian models, increases in demand drive up
nominal marginal costs, and sticky prices mean that averagemarkups fall
and real economic activity rises. In the simplest versions of these models,
flexible price natural markups are constant so that if pricing frictions are
removed, then actual, realizedmarkups are also constant. Thismeans that
all variation in realized markups in these models is driven by sticky prices,
which induce a “gap” between the natural and the realized markup. Our
4 The conflicting findings of Coibion et al. (2015) and Beraja et al. (2019) could reflect
time-varying confounding shocks, since supply and demand shocks imply opposite corre-
lations between prices and unemployment. In addition, even large increases in unemploy-
ment affect only a small part of the population directly, which reduces their econometric
power for identifying demand effects. In contrast, house price changes affect many more
households.
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results suggest that even with no pricing frictions, realized markups can
change for a second and complementary reason: countercyclical house-
hold shopping intensity leads to higher natural markups in booms.
It is important to note that a procyclical natural markup need not imply

a procyclical realized markup if markup gaps are countercyclical, but it
does suggest that modeling the endogenous interaction between house-
hold shopping intensity and firm pricing behaviormight improve our un-
derstanding of the monetary transmission mechanism. Indeed, medium-
scale dynamic stochastic general equilibrium models such as Smets and
Wouters (2007), Christiano, Motto, and Rostagno (2010), and Justiniano,
Primiceri, andTambalotti (2011) introduce naturalmarkup (“cost-push”)
shocks to match aggregate time-series data. One can interpret our results
as a potentialmicrofoundation for such shocks.However, in thesemodels,
changes in natural markups are treated as exogenous policy-invariant
shocks. In contrast, our evidence suggests that natural markups will re-
spond endogenously to changes in monetary policy.
The conclusion that realized markups vary for reasons besides sticky

prices also complicates the interpretation of the large literature using
aggregate time-series data to measure markup cyclicality (e.g., Domowitz,
Hubbard, and Petersen 1986; Bils 1987; Rotemberg and Woodford 1999;
Gali, Gertler, and Lopez-Salido 2007; Nekarda and Ramey 2013).5 These
papersmeasuremovements in realizedmarkups and often interpret their
results as tests of New Keynesian mechanisms. However, if natural mark-
ups are procyclical while sticky price–induced markup gaps are counter-
cyclical, then the realized markup measured in the data will depend on
the relative strength of these two forces, and tests assuming a constant nat-
ural markup will likely be misspecified. Moreover, if the relative strength
of the two forces varies over time (see Vavra 2014), then this can poten-
tially reconcile conflicting conclusions about the importance of price
stickiness in explaining markup variation in the literature.
In addition to contributing a new source of identification to a long-

running empirical debate in macroeconomics, which has typically relied
on vector autoregression analyses of aggregate time-series relationships,
our results also have a wide range of implications that stretch beyondmac-
roeconomics. For example, the response of local prices to local house
price movements is central to many models in urban economics and for
understanding the incidence of local labor market shocks. Our paper di-
rectly informs this important and previously unobserved parameter. We
also provide novel evidence on the industrial organization of wholesale
retailer relationships and their interactions with local economic condi-
tions. Many recent papers have argued that pricing decisions are largely
5 Analogous concerns also apply to the voluminous literature focusing on testing New
Keynesian Phillips curves.
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made at the wholesale rather than the retail level (e.g., Nakamura and
Zerom 2010). However, this literature has focused on the pass-through
of cost shocks. Our empirical evidence shows that the exact opposite con-
clusion arises when studying the price response to demand shocks. This
implies that fully understanding the behavior of prices requires a compre-
hensive analysis of the interactionof retailers and their suppliers. Retailers
are crucial in determining howprices andmarkups respond to changes in
customer demand, while wholesalers play a crucial role in transmitting
upstream cost shocks into final prices. These and other implications are
developed in more detail in online appendix D, which also provides a
more extensive discussion of the primary implications of our paper for
business cycle modeling.
I. Data Description
To conduct the empirical analysis we combine a number of data sets. We
begin by describing the construction of our key dependent variables and
then detail the sources for our other data.
A. Retail Price Data: IRI Data
Our primary retail price data set covers various grocery stores and drug-
stores from 2001 to 2011 and is provided by IRI Worldwide.6 The data set
includes store-week-UPC sales and quantity information for products in
31 categories, representing roughly 15 percent of household spending in
the Consumer Expenditure Survey.7 We also obtained the zip code loca-
tion of each store in the data from IRI Worldwide. These zip code iden-
tifiers are not part of the standard academic data release, and we believe
we are the first to exploit them.8 In total, the data cover around 7,200 stores
in over 2,400 zip codes. There aremany retailers in eachmetropolitan area.
For example, the Chicago market contains observations from 131 unique
retailers. Appendix figure A1 shows the geographic distribution of the
stores in our data.
6 See https://www.iriworldwide.com/en-US/solutions/Academic-Data-Set for informa-
tion on accessing the data and Bronnenberg, Kruger, and Mela (2008) for additional de-
scription.

7 These categories cover mostly processed food and beverages, cleaning products, and
personal hygiene products and so are most similar to the Bureau of Labor Statistics (BLS)
food-at-home price index. UPCs consist of 12 numeric digits that are uniquely assigned to
each trade item; different packaging and sizes of the same itemwill be assigned uniqueUPCs.

8 The standard academic data release includes geographic indicators for only 47 broad
geographic markets, often covering a major metropolitan area (e.g., Chicago), but some-
times covering regions with numerous metropolitan statistical areas (MSAs; e.g., New En-
gland).
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While the raw data are sampled weekly, we construct quarterly price
indices, since this reduces high-frequency noise and makes the time unit
comparable to that of our house price measures. Let t index the quarter
of observation, l a geographic location (MSA or zip code), c a product
category, and i an individual UPC-store pair (henceforth item).9 We con-
struct the price of an item by dividing its total dollar value of sales (TS)
by the total quantity of units sold (TQ ). That is, Pi,l ,c,t 5 TSi,l ,c,t=TQ i,l ,c,t .
Total sales are inclusive of retailer discounts and promotions but ex-

clude manufacturer coupons. In our benchmark specification, we include
all observed prices when constructing our price indices, since we are inter-
ested in how the broadest price aggregate responds to local demand. We
later show the robustness of our results to using price indices constructed
when excluding “sales” prices.
We next describe the construction of our location-specific price indi-

ces from these individual price observations. This construction necessar-
ily entails various measurement choices. In the body of the paper we con-
centrate on a single benchmark price index, but in appendix C we show
that our empirical results continue to hold for price indices constructed
under various alternative assumptions.
Since we are interested in constructing price indices across time, we

include an item only if it has positive sales in consecutive quarters. After
constructing item-level prices, we create location-specific price indices
using a procedure similar to the construction of the Consumer Price In-
dex (CPI) by the BLS. In particular, we construct a geometric weight
price index with a consumption basket that is chained annually.10 Let

qi,l ,c,y tð Þ 5
TSi,l ,c,y tð Þ

oi∈cTSi,l ,c,y tð Þ

be an item’s share in a category’s annual revenue, where y(t) indexes the
year in which quarter t is observed. In our benchmark results, we con-
struct these revenue weights separately for each location to allow for spa-
tial variation in item importance. That is, q is indexed by l. In appen-
dix C, we also redo our analysis using national revenue weights, so that
q is no longer indexed by l, and using constant geographic weights, so
that q is no longer indexed by t. Under these alternative constructions,
location-specific changes in household purchases, in product composi-
tion, or in product quality do not affect location-specific price indices.
Our findings are robust to these alternative weights, which implies that
9 We track the price of identical items (UPC-store pairs) across time, so that changes in
quality or issues with comparing nonidentical products are not relevant for our results
(quality changes across time will typically be associated with new UPCs). In particular,
our price index is not affected by changes in the composition of goods or stores over time.

10 We chain our results annually rather than at higher frequencies to avoid “chain drift.”
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the retail price responses we document require actual changes in price
posting behavior and cannot be explained by shifting weights.
We construct our price index in two steps. We first construct a category-

level price index:

Pl ,c,t11

Pl ,c,t

5
Y
i

Pi,l ,c,t11

Pi,l ,c,t

� �qi,l ,c,y tð Þ

:

We then construct an overall location-specific price index by weighting
these category price indices by the revenue share of a particular category,

ql ,c,y tð Þ 5 oi∈cTSi,l ,c,y tð Þ

oiTSi,l ,y tð Þ
:

Pl ,t11

Pl ,t

5
Y
c

Pl ,c,t11

Pl ,c,t

� �ql ,c,y tð Þ

:

Panel A of figure 1 shows that a nationally aggregated version of our
price index reproduces the behavior of the BLS food-at-home CPI.11

While they do not match precisely, this is not surprising, since the cate-
gories and products sampled are not identical. The BLS also produces
food-at-home CPIs for 27 metro areas, of which 19 overlap with locations
in the IRI data. Panel B of figure 1 compares changes in our MSA-level
price indices to changes in these BLS indices. Again, there is a strong cor-
relation between changes in our MSA price indices and those published
by the BLS. The relationship is not perfect, but this is even less surprising
for these disaggregated indices.12 This figure also shows large variation
across MSAs in retail price movements.
Finally, panel C of figure 1 shows that the cross-sectional variation in

the food-at-home CPI produced by the BLS is very similar to the cross-
sectional variation in the broader CPI including all products. This sug-
11 We normalize indices to 1 in period t 5 0, so our computation requires information
on how prices change across time but not information on how products are priced across
locations at a point in time. The reason is that we are interested in responses to demand
shocks at business cycle frequencies, not in permanent price differences across locations.
This specification in changes also allows us to avoid the biases discussed in Handbury and
Weinstein (2015). Nevertheless, it is worth noting that methodological differences make
our time-series results perfectly consistent with their conclusion that retail price levels do
not vary across locations. Their paper uses household-level data with controls for income
as well as retailer fixed effects. This specification absorbs most of our variation of interest
since any correlation between retail prices and house price levels that is related to house-
hold demographics or retailer location will be absorbed by their controls.

12 For most MSAs, the increase in the CPI is modestly larger than the increase in the IRI
index since we use a chained index while the BLS uses a fixed basket. Sampling error is also
less of a concern in IRI data since they have 20 times more observations per MSA-quarter
than the BLS and cover substantially more markets.
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gests that the retail price responses to house prices that we document are
likely to generalize to a broader set of goods than that covered by our IRI
data.
B. Wholesale Cost Data
We use the IRI data set as our primary measure of retail prices, since it
covers many chains and has large geographic coverage. Unfortunately,
IRI does not collect data on wholesale costs. Since the second half of our
paper focuses on decomposing price changes into changes in markups
and marginal cost, we supplement our primary IRI data with two addi-
FIG. 1.—Price index versus BLS. A, IRI data versus food-at-home CPI. B, Metro-level
comparison of IRI versus food-at-home CPI: logðP2011Þ 2 logðP2001Þ. C, Metro-level comparison
of food-at-home CPI versus CPI all products: logðP2011Þ 2 logðP2001Þ. The figure shows com-
parisons of our price indices produced with IRI data to price indices provided by the BLS.
Panel A compares our aggregate price index to the food-at-homeCPI. Panel B compares the
change in prices between 2001 and 2011 using our local price indices to the change in the
metro area food-at-home price indices provided by the BLS for the set of MSAs for which we
have overlapping data. Panel C compares the change in prices between 2001 and 2011 of
metro area food-at-home prices to the change in “all product” prices from the BLS.
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tional data sets that do contain measures of wholesale costs. First, we use
Nielsen PromoData, which collects information from one confidential
grocery wholesaler in each of 32 markets for the period 2006–12.13 This
data set contains UPC-level wholesale prices for each date in each mar-
ket. Overall there are more than 34,000 UPCs in PromoData.
While IRI data contain retail prices and not wholesale costs, PromoData

contain wholesale costs and not retail prices. Since we are ultimately in-
terested in measuring markups, we supplement our analysis with one ad-
ditional data set from a large retail chain, which contains reliable mea-
sures for both prices and costs. This retailer reports UPC-store-level
information for more than 125,000 UPCs from 250 stores in 39 MSAs,
from January 2004 to June 2007. For each item, there is information on
wholesale costs, adjusted gross profits, gross prices (i.e., list prices), and
net prices (i.e., list prices net of rebates, promotions, and coupons). We
followGopinath et al. (2011) andmeasure themarginal cost for each item
as the difference between net price and adjusted gross profit. This repre-
sents the retailer’s cost, net of discounts and inclusive of shipping costs,
and is the cost measure used in their pricing decisions (see Eichenbaum,
Jaimovich, and Rebelo 2011). Using these data, we construct a price, mar-
ginal cost, and markup index for each location, using the approach de-
scribed in Section I.A.14
C. Shopping Data
We use Homescan data from AC Nielsen to measure household-level
shopping behavior.15 The data set contains a weekly household-level panel
for theperiod 2004–11. The panel has large coverage, with 125,000house-
holds in over 20,000 zip codes recording prices for 400 million unique
transactions. The product coverage is somewhat broader than that in the
IRI data and essentially captures broad nonservice retail spending. Roughly
half of expenditures are in grocery stores, a third of expenditures are in dis-
count/warehouse club stores, and the remaining expenditures are split
among smaller categories such as pet stores, liquor stores, and electronics
stores.
13 There is a single wholesaler for each market but potentially different wholesalers
across markets. Because of the anonymous nature of the wholesaler information, there
is no way to identify which wholesalers are related across markets. While the raw data set
contains information on more than 32 markets, many of these have very little data, so we
concentrate on the largest 32 markets. Results are not sensitive to this restriction.

14 This cost measure does not include wages or other fixed overhead. We address this
explicitly in our empirical analysis. We concentrate on prices inclusive of discounts, but re-
sults are similar using gross prices.

15 These data are available for academic research through a partnership with the Kilts
Center at the University of Chicago, Booth School of Business. See http://research
.chicagobooth.edu/nielsen for more details on the data.
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Households report detailed information about their shopping trips
using a bar code scanning device provided by Nielsen. After a shopping
trip, households enter information including the date and store location.
They then scan the bar codes of all purchased items. The price is collected
in one of two ways: for trips to stores that partner with Nielsen, the aver-
age price of the UPC for that store-week is automatically recorded. For
trips to stores not partnered with Nielsen, households hand-enter the
price paid from their receipt. In addition to the price, households also
record whether a product was purchased while “on sale” or using a cou-
pon. In addition, since we know theUPCof each item, information is avail-
able on whether a product is generic or name brand. We use this informa-
tion to construct quarterly expenditure shares for goods purchased in
these categories for each household.
While panelists are not paid, Nielsen provides incentives such as

sweepstakes to elicit accurate reporting and reduce panel attrition. Pro-
jection weights are provided to make the sample representative of the
overall US population.16 A broad set of demographic information is col-
lected, including age, education, employment, marital status, and type of
residence. Nielsen maintains a purchasing threshold that must be met
over a 12-month period in order to eliminate households that report only
a small fraction of their expenditures. The annual attrition rate of panel-
ists is roughly 20 percent, and new households are regularly added to the
sample to replace exiting households.
D. Other Data
We also use a number of other data sets in our analysis. We obtain house
price indices at both the zip code level and theMSA level fromCoreLogic,
which computes repeat sales price indices from individual transactions
data. We also use information on average effective retail rents from
2000–2014 for 45 MSAs. These rent data are compiled by the REIS Cor-
poration from surveys of property managers and leasing agents and in-
clude quarterly information on the average rent paid per square foot
of retail space.Homeownership rates by zip code come from the 2000 cen-
sus. Data on education levels, age, and population density come from the
respectivewaves of theAmericanCommunity Survey (ACS).Weobtainwage
data from the Quarterly Census of Employment and Wages conducted by
the BLS. Employment shares and information on the number of retail es-
tablishments come from the County Business Patterns produced by the
US Census Bureau, and we classify North American Industry Classification
16 We use these projection weights in all reported results, but our results are similar
when weighting households equally.
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System sectors into tradable and construction using the definitions inMian
and Sufi (2014b).
II. Empirical Analysis
We next provide an overview of our empirical strategy for identifying the
impact of house price changes on retail prices. We use two complemen-
tary identification strategies to show that our relationship is causal and
that house price–induced demand shocks drive changes in retail prices.
Our first approach uses across-MSA variation in housing supply elastic-

ity as an instrument for house price changes. This approach isolates dif-
ferences in house price growth that are plausibly orthogonal to other
factors that might directly influence retail prices.
Our second approach exploits a unique feature of house price changes

to provide additional evidence that they causally influence retail price. In
particular, houseprice changes inducedifferentialwealth effects forhome-
owners and renters due to these households’ different net housing posi-
tions. Consistent with this, we show that the relationship between house
prices and retail prices depends strongly on local home ownership rates.
The use of these two complementary identification strategies substan-

tially reduces the set of confounding explanations for our results, since
geographic variation in home ownership rates is quite distinct from geo-
graphic variation in housing supply elasticity. In particular, alternative
stories must explain not just why housing supply elasticity would not sat-
isfy the instrumental variables’ exclusion restriction, but also why such
violations would then interact with local home ownership rates.
In addition to documenting a causal link from house prices to retail

prices, we provide evidence on the economic mechanism driving this re-
lationship. In general, an increase in retail prices must reflect an increase
in marginal costs or an increase in markups. We argue that our results
primarily reflect markup movements by first showing that our patterns
are not driven by changes in observable costs. We then present direct ev-
idence that households become less price sensitive after their housing
wealth rises; this increases firms’ optimal markups. Just as suggested by
our retail price results, we show that this change in household price sen-
sitivity differs strongly by home ownership status.
A. Price-Setting Behavior: MSA Level
We first analyze the relationship between house prices and retail prices.
We split the sample into the periods 2001–6, when house prices in the
United States were generally rising, and 2007–11, when house prices
were generally falling. This allows for an asymmetric impact of house
price increases and decreases on retail prices. We begin by sorting MSAs
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into quintiles by their house price growth over the housing boom and
housing bust. The top row of figure 2 shows how retail prices evolve for
MSAs in the top and bottom quintiles of house price growth over each pe-
riod. Clearly, retail price growth was significantly stronger in those MSAs
that experienced higher house price growth.17

The middle row of figure 2 shows the more disaggregated correlation
betweenMSA-level house price growth and retail price growth over the pe-
riods 2001–6 (panel C) and 2007–11 (panel D). In both periods there is a
strong positive correlation between house price growth and retail price
growth. This positive relationship is confirmed by ordinary least squares
(OLS) regressions of retail price changes on house price changes, shown
in column 1 of table 1. Appendix table A1 provides summary statistics on
the dependent variable and controls. The estimated coefficient suggests
an elasticity of retail prices to house prices of about 6–8 percent.18 In col-
umn 2, we also include controls for changes in economic conditions such
as the unemployment rate, wages, and employment shares in the grocery,
retail, construction, and nontradable sectors. The estimated elasticity of
retail prices to house prices is unaffected.19

However, even after the inclusion of control variables, these estimates
do not establish causality, since there might be an unobserved third fac-
tor, such as time-varying productivity, that could simultaneously move
both house prices and retail prices. If we cannot directly control for this
third factor in the OLS regression, we will obtain a biased estimate of the
elasticity of retail prices to house prices.
B. Price-Setting Behavior: Instrumental Variables Identification
Strategy
Our first approach to dealing with possible omitted variables bias is to ex-
ploit instrumental variables that are correlated with house price changes
over our periods of interest but that do not directly affect retail price
17 While the difference in retail prices between high and low house price–growth MSAs
during the bust is smaller than during the boom, the elasticity is higher because the differ-
ence in house price changes is smaller in the bust. In addition, sorting over 2001–11 house
price growth rather than separately over the boom and the bust produces similar patterns.

18 Figure 2 shows that there are some outliers in house price changes that might affect
our estimates. Repeating regressions excluding the top and bottom 5 percent of MSAs by
house price growth raises elasticities to 8–9 percent, and equality with the instrumental var-
iable (IV) coefficients shown below cannot be rejected.

19 The positive coefficient on unemployment rate changes might appear to conflict with
our argument that house prices move as a result of a markup response to demand shocks.
However, this coefficient is estimated after controlling for house price changes, which were
the primary driver of cross-regional differences in changes in the unemployment rate in
our sample. Indeed, when we regress retail price changes on changes in the unemploy-
ment rate without also controlling for house price changes, we recover a negative relation-
ship. See also n. 4.
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growth. In particular, we follow an extensive literature that exploits
across-MSA variation in housing supply elasticity to instrument for house
price changes (see, e.g., Mian and Sufi 2011, 2014a; Adelino, Schoar, and
Severino 2015; Giroud and Mueller 2017). The intuition for this instru-
ment is that for a fixed housing demand shock during the housing
boom, house prices should rise more in areas where housing supply is less
FIG. 2.—Retail prices versus house prices. The top row shows the average retail price level
over time for MSAs in the top quintile (solid line) and bottom quintile (dashed line) of house
price appreciation for the period 2001–6 (panel A) and the period 2007–11 (panel B). The
middle row shows the MSA-level correlation between changes in house prices and changes
in retail prices for the period 2001–6 (panel C) and the period 2007–11 (panel D), as well
as the line of best fit. The bottom row shows the average retail price level over time for zip
codes in the top quartile (solid line) and bottom quartile (dashed line) of house price ap-
preciation between 2001 and 2011. Panel E shows results of zip codes in the bottom quar-
tile of the home ownership rate distribution. Panel F shows results of zip codes in the top
quartile of the home ownership rate distribution.
This content downloaded from 128.122.186.094 on June 03, 2019 06:35:46 AM
 use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



TABLE 1
Retail Prices versus House Prices: MSA-Level Analysis

Dependent Variable: D Retail Prices

OLS IV Saiz IV Wharton

(1) (2) (3) (4) (5) (6)

A. Time Period: 2001–6

D house prices .057*** .068*** .129*** .153*** .224*** .230***
(.020) (.023) (.042) (.058) (.048) (.048)

D share grocery retail
employment 2.068 .132 .219

(.360) (.376) (.391)
D share nontradable
employment .073 2.082 2.130

(.182) (.175) (.174)
D share construction
employment 2.060 .012 .039

(.098) (.114) (.130)
D unemployment .039** .070** .095***

(.018) (.029) (.026)
D wage .039 .038 2.005

(.055) (.060) (.061)
Observations 125 125 112 112 112 112

B. Time Period: 2007–11

D house prices .085*** .086*** .124*** .146*** .147*** .157***
(.015) (.018) (.041) (.049) (.048) (.043)

D share grocery retail
employment 2.090 .008 2.000

(.264) (.275) (.282)
D share nontradable
employment .086 2.000 2.003

(.139) (.169) (.172)
D share construction
employment .050 2.024 2.040

(.127) (.135) (.147)
D unemployment .000 .017 .019

(.011) (.015) (.014)
D wage 2.030 2.060 2.063

(.044) (.048) (.049)
Observations 126 126 112 112 112 112
This content d
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ownloaded from 128.1
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/www.jour
Note.—The table shows results from the following OLS regression: D log ðRetailPriceÞm 5
bD log ðHousePriceÞm 1 gXm 1 εm in cols. 1 and2 and fromIVregression (2) in theother col-
umns. All specifications include a constant that is not reported. The unit of observation is an
MSA, and thedependent variable is the change in retail prices in 2001–6 (panelA) and2007–
11 (panel B). We instrument for the change in house prices using measures of the housing
supply elasticity provided by Saiz (2010) in cols. 3 and 4 and the Wharton Regulation Index
described inGyourko et al. (2008) in cols. 5 and6. Robust standard errors are in parentheses.
* Significant at p < .10.
** Significant at p < .05.
*** Significant at p < .01.
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elastic.20 During the housing bust, it is then precisely those areas where
house prices rose most that see the largest declines in house prices
(Glaeser 2013).
We use two measures of housing supply elasticity as instruments for

house price changes: the primarily geography-based measure of Saiz
(2010) and the Wharton Regulation Index from Gyourko et al. (2008).
Saiz (2010) uses information on the geography of a metropolitan area
to measure the ease with which new housing can be constructed. The in-
dex assigns a high elasticity to areas with a flat topology without many wa-
ter bodies, such as lakes and oceans. Gyourko et al. (2008) conduct a na-
tionwide survey to construct a measure of local regulatory environments
pertaining to land use or housing. Their index aggregates information
on who can approve or veto zoning requests, and particulars of local land
use regulation, such as the review time for project changes. In areas with a
tighter regulatory environment, the housing supply can be expanded less
easily in response to a demand shock, and house prices should therefore
increase more. Appendix table A2 presents results from the first-stage re-
gression (1). Both instruments are highly predictive of house price changes
over both periods, with low-elasticity MSAs experiencing larger house price
gains during the housing boom and larger house price drops during the
housing bust.21

The exclusion restriction requires that housing supply elasticity affects
retail prices only through its impact on house prices (see app. A for a for-
mal statement of the exclusion restriction). To provide some evidence for
the validity of the Saiz (2010) instrument, Mian and Sufi (2011, 2014a)
show that wage growth did not accelerate differentially in elastic and in-
elastic core-based statistical areas between 2002 and 2006. The authors
also show that the instrument is uncorrelated with the 2006 employment
share in construction, construction employment growth in the period
2002–5, and population growth over the same period. Consistent with
this, we find no relationship between housing supply elasticity and in-
come growth in our sample: during the housing boom, income growth
has a correlation of .040 with the Saiz (2010) instrument and2.007 with
20 Importantly, this instrument generates differential regional house price movements
through a differential propagation of a national housing demand shock, not through in-
ducing a shock of its own. That is, it is the interaction of supply elasticity with the national
shock that allows a time-invariant instrument to predict time-varying effects. This national
demand shock could, e.g., result from the relaxation in down payment requirements or a
decline in interest rates. See app. A for additional discussion and app. B for some alterna-
tive, related empirical specifications.

21 Unsurprisingly, the power of the instrument is significantly stronger during the hous-
ing boom than during the housing bust. The first-stage F-statistics of the Saiz (2010) instru-
ment are 42.4 for 2001–6 and 19.9 for 2007–11. They are 52.5 and 17.2, respectively, for the
Gyourko et al. (2008) instrument. Supply elasticity has predictive power during the bust
because it reflects ex post unraveling of the differential house price bubble.
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the Wharton Regulation Index. These correlations are 2.224 and .054,
respectively, for the housing bust and are never statistically significant
(see also Davidoff [2013] for a discussion of the exclusion restriction).
It is also important to recall that the main objective in our paper is to
document the response of retail prices and markups to shocks that affect
demand elasticity. While we believe that the IV approach in this section
and the home ownership interaction in the next section strongly point
to a causal link from house price–induced local demand shocks to retail
prices, it is worth noting that many potential violations of the exclusion
restriction in our IV approach involve a correlation between housing sup-
ply elasticity and local demand factors. While we find no evidence for
such a correlation, its presence would only mildly change our interpreta-
tion. In particular, while not all of the markup response would then rep-
resent a response to changes in house prices, it would still represent a
markup response to demand shocks that shift demand elasticity. This
would have the same implication for business cycle models as our pre-
ferred causal interpretation.
The exclusion restriction could be potentially violated if changes in the

degree of local retail competition were correlated with the housing sup-
ply elasticity. Thismight occur if the regulatory or geographic environment
hindered the entry of new retail stores. In Section II.D, we directly address
this concern and show that differential changes in competition do not ex-
plain our results.
The first and second stages of the IVregression are given by equations (1)

and (2), respectively:

D log HousePriceð Þm 5 rSupplyElasticitym 1 dXm 1 em , (1)

D log RetailPriceð Þm 5 bD log ð dHousePriceÞm 1 gXm 1 εm : (2)

The unit of observation is an MSA, denoted by m. We estimate these re-
gressions separately for the housing boom (2001–6) and bust (2007–11).
The dependent variable in the second-stage regression is the change in
retail prices over the period of interest. The coefficient of interest is b,
which captures the causal effect of house price growth on retail price
growth; Xm is a vector of controls.
We first present results using the housing supply elasticity from Saiz

(2010) as an instrument for house price changes. Column 3 of table 1
presents estimates from the second-stage regression. The elasticity of re-
tail prices to house prices is about 12–13 percent during both the housing
boom and the housing bust. These elasticities are about two times as large
as the estimates from the OLS regressions presented in columns 1 and 2.
This is consistent with the presence of local productivity shocks, which
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would lower retail prices but raise house prices. In addition, any measure-
ment error in house price growth will also bias down the OLS estimates.22

Column 4 includes control variables for local economic conditions. The
robustness of the estimated coefficients to the addition of these controls,
as well as additional controls for changes in income and demographics
that will be added in Section II.D, helps to alleviate concerns about
whether our instruments satisfy the exclusion restriction.
Column 5 and 6 of table 1 show the IV estimates using the Wharton

Regulation Index as an alternative measure of housing supply elasticity
to instrument for house price changes. The estimated elasticity of retail
prices to house prices is slightly stronger, with estimates between 15 per-
cent and 22 percent depending on the exact specification.
We next provide additional robustness checks to the results presented

above. We first address the geographic clustering of our measures of
housing supply elasticity, which raises concerns that they might be corre-
lated with unobserved regional shocks. To show that such unobserved
shocks do not explain our results, we add geographic controls to the
IV regression. In columns 1–3 of appendix table A5, we add a coastal in-
dicator, four census region fixed effects, and nine census division fixed
effects, respectively. The estimated elasticity of retail prices to house prices
is unchanged, suggesting that it is not explained by regional shocks. Next,
while we believe that using the broadest price index available is the appro-
priate benchmark, a large literature has explored the implications of sales
for monetary policy. Column 4 of table A5 shows that our results are ro-
bust to excluding temporary “sales” prices from the price index. We also
want to ensure that our results are not driven by extreme outliers. Col-
umn 5 of table A5 excludes the MSAs with the largest and smallest 5 per-
cent house price growth; column 6 drops observations from states that ex-
perienced some of the largest swings in house prices: California, Arizona,
and Florida. Our results are robust across these specifications. Finally,
onemight worry that the relationship between our instruments and house
price changes could be nonlinear. Column 7 includes the squared and
cubed measures of supply elasticity as additional regressors in the first
stage; the results are essentially unchanged.
22 Whether one would expect the IV estimates to be larger or smaller than the OLS es-
timates depends on whether omitted variables or shocks would primarily induce a positive
or a negative correlation between house prices and retail prices. As discussed, local produc-
tivity shocks might lower retail prices and increase house prices. On the other hand, local
demand shocks might lead to higher house prices and higher retail prices. The IV esti-
mates remove the effects of both types of potential omitted shocks, as well as the attenua-
tion bias associated with measurement error. Indeed, if we exclude the largest outliers in
house price growth, which are more likely to suffer from measurement error, the OLS co-
efficients increase substantially and we cannot reject equality with the IV regressions. See
n. 18.
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C. Price-Setting Behavior: Zip Code–Level Identification Strategy
In the previous section we measured both house prices and retail prices
at the MSA level. There are some advantages of these MSA-level estimates
relative to estimates using house price and retail price measures at more
disaggregated levels such as zip codes. First, nearly all grocery spending
for a household should occur within MSAs, but this may not hold for zip
codes. Second, both house price changes and retail price changes are mea-
suredmore precisely forMSAs than for zip codes.23 Third, our housing sup-
ply elasticity instruments do not vary at the zip code level. Therefore, we
think the elasticities at the MSA level are the most reasonable to take away
from our analysis.
Nevertheless, we now extend our analysis to the zip code level, because

the large variation in home ownership rates across zip codes allows us to
explore a separate, complementary identification strategy. In particular,
the same change in house prices will induce different demand effects for
homeowners and renters, since these households differ in their net asset
position in housing. While house price increases can raise wealth or re-
lax borrowing constraints for homeowners, they have no such effects on
renters. If house prices are capitalized into apartment rents or renters
plan to purchase in the future, then higher house prices might even rep-
resent negative wealth shocks for renters.24 Thus, if the positive relation-
ship between retail prices and house prices is truly driven by house price–
induced demand effects, we would expect a stronger relationship in zip
codes with high home ownership rates.
To explore this prediction, the bottom row of figure 2 shows the aver-

age retail price level for zip codes in the top and bottom quartiles of
house price growth between 2001 and 2011. Panel E focuses on zip codes
in the bottom quarter of the home ownership rate distribution (average
of 46 percent) and panel F on zip codes in the top quarter of the home
ownership rate distribution (average of 86 percent). Those zip codes with
larger house price increases have higher retail price growth. However, as
one would expect if house price effects work through a wealth channel,
the differential price growth is much larger in zip codes with higher home
ownership rates than it is in zip codes with lower home ownership rates.
23 The repeat sales house price index at the zip code level is often based on a small num-
ber of sales: an analysis of transaction-level data for Los Angeles since 1994, e.g., reveals
that in the median zip code–quarter there were 62 arm’s-length housing transactions
and many fewer transactions that were part of a repeat-sales pair.

24 We analyze apartment rent data from REIS and find that the elasticity of cumulative
apartment rent growth to cumulative house price growth over the housing boom was 0.34.
The same elasticity was 0.10 over the housing bust (see fig. A2). The less-than-full pass-
through of house price movements to rents, even over such relatively long horizons, is con-
sistent with swings in the price-rent ratio over this period (see, e.g., Sinai 2013).
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Regression (3) formalizes this insight. As before, we estimate this spec-
ification separately for the housing boom period and the housing bust
period. Since we do not have housing supply measures at the zip code
level, we focus on OLS estimates:

D log RetailPriceð Þz 5 bD log HousePriceð Þz 1 gHomeOwnershipRatez

1 dD log HousePriceð Þz � HomeOwnershipRatez

1 wXz 1 εz: (3)

The results of this regression are presented in table 2. Columns 1 and 5
show the elasticity of retail prices to house prices without controlling for
other covariates for the periods 2001–6 and 2007–11, respectively. The es-
timated elasticities are approximately 50 percent of the size of the MSA-
level OLS estimates presented in table 1. As discussed above, this likely
reflects attenuation bias relative to the MSA specifications, due to greater
measurement error of zip code–level house prices, plus the fact that some
fraction of household spending will occur outside of a household’s zip
code of residence. The addition of control variables in columns 2 and 6
has little effect on the estimated elasticities.
Importantly, columns 3 and 7 of table 2 interact house price changes

with the home ownership rate in the zip code. The results show that house
price increases are associated with particularly large increases in retail
prices in zip codes with high home ownership rates.25 For zip codes with
low home ownership rates, the effect of higher house prices on retail
prices is, if anything, negative, although this point estimate is not statis-
tically significant.26

These results significantly strengthen the argument for a causal effect
of house prices on retail prices. In particular, any omitted variables that
might be correlated with our housing supply elasticity instruments in
Section II.A, and that would thus violate the exclusion restriction, would
also have to have a differential impact on homeowners and renters in or-
der to explain our results.
One concern with the interpretation of the home ownership rate inter-

action is that home ownership ratesmight proxy for effects of other neigh-
borhood characteristics. For example, high–home ownership zip codes
have lower population density and so might have inhabitants who do
25 The implicit identification assumption is that home ownership rates (conditional on
controls) are orthogonal to shocks that simultaneously move house prices and retail prices.
See below for further discussion of additional controls.

26 Onemight worry that this relationship is driven by larger measurement error in house
prices in areas with more renters, which could lead to larger attenuation bias. However,
there is no strong relationship between home ownership rates and turnover: in zip codes
in the bottom quartile of the home ownership distribution, about 2.1 percent of the hous-
ing stock turned over every year between June 2008 andMarch 2015; in zip codes in the top
quartile of the home ownership rate distribution, this share was 2.2 percent. In addition, all
results persist if we measure the change in house prices in regression (3) at the MSA level.
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All
more grocery shopping within the zip code. This could explain the larger
measured response of local retail prices to local house prices in those ar-
eas, even with no differential wealth effects. Similarly, low–home owner-
ship zip codes also have younger inhabitants, whomight be less responsive
to house price changes for reasons unrelated to home ownership status.
To see whether these factors can explain our findings, columns 4 and 8
of table 2 include controls for the population density and the share of in-
habitants under age 35, as well as their interaction with the change in
house prices. Furthermore, table A3 additionally controls for zip code–
level income, racial composition, and education levels and their interac-
tion with house price changes. Reassuringly, the estimated coefficient on
the interaction of house price changes and homeownership rates is, if any-
thing, slightly larger in these specifications.
D. Changes in Markups or Pass-Through of Changes
in Marginal Cost?
The previous sections provide evidence of a strong response of retail
prices to house price–induced demand shocks. By definition, a change
in retail prices can be decomposed into a change in marginal costs and
a change in markups. While either channel would be interesting, we next
provide evidence that the relationship between house prices and retail
prices is driven largely by markup variation.
We begin by decomposing retailers’marginal cost into its various com-

ponents, before analyzing these components separately. For the typical
grocery store, the wholesale cost of goods sold makes up approximately
75 percent of total costs.27 It is more difficult to decompose the remain-
ing 25 percent, but the majority of those costs represent fixed overheads
(e.g., store rental costs, utilities, and corporate salaries) rather than costs
that directly vary with sales. Thus, wholesale costs make up substantially
more than 75 percent of all marginal costs. Since our data include only
tradable goods, which are generally not produced locally, these whole-
sale costs are also likely to be insensitive to local demand shocks.28
27 For example, Safeway’s 2013 10-K reports a cost of goods sold of $26.6 billion, com-
pared to operating and administrative expenses (which include store occupancy costs,
wages, employee benefits, rent, depreciation, and utilities) of $8.9 billion. Walmart reported
“cost of sales” of $385 billion, compared to “operating, selling, and administrative expenses”
of $91.3 billion.

28 In commodity flows survey data, only 24 percent of food and beverage shipments by
gross value added are shipped less than 50miles.However, net rather than gross value added
is the relevant object for determining local marginal cost shares, and local distribution in-
flates gross relative to net value added in local production. TheBureau of Economic Analysis
reports that trucking/warehousing has a 12.4 percent intermediate share in food and bever-
age, which, together with the 24 percent local share in gross value added, implies that less
than 3 percent of inventory input costs for food and beverage stores are determined within
an MSA.

This content downloaded from 128.122.186.094 on June 03, 2019 06:35:46 AM
 use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



house prices, local demand, and retail prices 1415
Indeed, in the next section we use Nielsen PromoData to provide di-
rect evidence that the geographic variation in wholesale costs is very
small, consistent with wholesale costs not being determined locally. We
also use data from a large national retailer that allow us to directly mea-
sure both marginal costs and markups in the same setting and show that
the estimated price response captures movements in markups. In addi-
tion, our results are robust to excluding products from our price index
construction that likely have a larger local component of wholesale costs
(e.g., milk). We also directly control for changes in retail rents and labor
costs that could affect retailers’ (small) nonwholesale cost component of
marginal cost. Our results are unaffected by the addition of these control
variables.
We conclude that changes in local demand are largely uncorrelated

with retailers’ marginal cost, so that the increase in retail prices we ob-
serve mostly reflects higher markups. This interpretation arises naturally
from the changes in shopping behavior we document in Section II.E and
can also rationalize the homeownership interactions in Section II.C.
1. Direct Evidence on Wholesale Costs and Markups
We next provide three separate pieces of evidence that our results are
not driven by variation in wholesale costs in response to local demand
shocks. Since these wholesale costs make up the vast majority of all mar-
ginal costs, this provides strong support for an interpretation of our pric-
ing results as driven by markup variation in response to these local de-
mand shocks.
Nielsen PromoData.—We begin by considering the Nielsen PromoData

described in Section I.B. We first examine the unconditional distribu-
tion of wholesale costs across markets. For each UPC observed in at least
two markets, we compute

dwimt 5
wimt

om∈M ðwimt=jM jÞ ,

where wimt is the average wholesale price of item i in market m in quarter
t, andM indexes the set of markets in which this item is sold in quarter t.
That is, dwimt tells us how far a particular item’s wholesale cost in a given
market is from that item’s average cost across all markets. Finally, to mea-
sure overall variation in wholesale costs across markets, we compute the
average of dwimt across all items sold in marketm in quarter t, Imt, and then
average this over all quarters in which we observe that market:29
29 Computing these numbers quarter by quarter produces similar results. Note, also,
that since PromoData contain only prices and not quantities, we weight all items equally.
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Overall, we find that 26 out of 32 markets have average wholesale costs
within 1 percent of the national average: wm < 0:01. The market with the
most expensive wholesale costs, Indianapolis, is 2.9 percent above the na-
tional average, while the market with the least expensive wholesale costs,
Seattle, is 2.3 percent below the national average. In addition, we also
calculate the fraction of individual items that are sold at the cross-market
modal price in a given quarter. Overall, wholesale costs for 78 percent of
items are exactly equal to the modal price, and more than 90 percent of
items are within 5 percent of the modal price.
Why is there so little wholesale cost variation relative to retail price var-

iation in the data? A full exploration of this point is beyond the scope of
this paper and is not essential for our conclusions, but one potential expla-
nation is that retailers have much better information on the elasticity of
customerdemand in their stores thanwholesalers do. In a full-information
environment, wholesalers could potentially charge higher prices to retail-
ers with less elastic demand and higher markups, but retailers have no in-
centive to disclose this information to wholesalers, making such price dis-
crimination difficult in practice. It is also important to note that this
empirical finding of little wholesale cost variation is highly consistent with
a legal restriction against such variation. In particular, the Robinson-
Patman Anti–Price Discrimination Act explicitly limits the extent to which
wholesalers can charge different prices to different retail customers.
These findings imply that, while wholesale costs are not perfectly

equal across space, their spatial variation is very small. This is especially
true once individual items are aggregated to the market averages rele-
vant for our analysis. It is also important to note that even if wholesale
costs did vary substantially across space, this would not necessarily alter
our interpretation of whether house prices affect retail prices through
moving markups or marginal costs. Indeed, our interpretation requires
only the much weaker condition that wholesale costs not rise with house
prices. However, PromoData has a limited time dimension with which to
test this condition, and many markets are in the sample for only 1 or
2 years. In addition, we cannot compare any variation in observed whole-
sale costs to variation in retail prices or markups, since we do not observe
this information in PromoData.
Large retailer data.—Thus, to provide further evidence that we are cap-

turing changes in markups rather than the pass-through of marginal
costs, we turn to the data from a large US retail chain described in Sec-
tion I.B. These data include a complete measure of wholesale costs (in-
clusive of various vendor rebates and discounts), which the retailer uses
when determining prices and thus markups.
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Webegin by repeating the above procedure to compute the across-MSA
variation in wholesale costs in this data set. The range of MSA-level devia-
tions of wholesale cost from the national average is between21.4 percent
and12.6 percent, with the majority of markets clustered extremely close
to the national average. This is in line with the findings from PromoData
and is substantially less variation than we observe for markups. Indeed,
when we compute MSA-level deviations of the markup from the national
average, we find that the range of markup deviations is six times larger
than that of wholesale cost deviations, with an across-MSA variance that
is nearly 30 times larger.30

We next turn to a direct test of our question of interest: do changes in
house prices lead to changes inmarginal costs or changes inmarkups? As
discussed, a law of one price for wholesale costs is sufficient but not nec-
essary to interpret our retail price effects as markup changes. We instead
require only the much weaker condition that marginal cost does not rise
with house prices. To explore whether this condition holds, we use the
data from our large retailer to construct zip code–level price, marginal
cost, and markup indices from January 2004 to June 2007.31 We then
run regression (3) using changes in the price index, the markup index,
and the marginal cost index as the dependent variables.
Table 3 presents the results. Column 1 shows that, on average, zip codes

with higher house price growth see an increase in retail prices. Interest-
ingly, despite the fact that these data cover only one retailer and a differ-
ent time period, the estimated elasticity is similar to that in table 2, which
was estimated using the broader IRI data. Importantly, columns 2 and 3
show that this increase in retail prices represents an increase in markups
rather than a pass-through of marginal cost.32

Columns 4–6 of table 3 interact house price changes with the home
ownership rate in the zip code. Columns 7–9 also control for the in-
teraction of house price changes with demographic variables such as
30 The retailer agreement does not allow us to report the actual levels of markups for
specific stores. While we compute a statistic slightly different from that reported by Go-
pinath et al. (2011) and use all products instead of those matched between the United
States and Canada, our results are consistent with their table 2. This shows that prices vary
significantly more across stores than costs. We also reproduce their result that prices re-
spond significantly to nonlocal costs after controlling for local costs. However, the economic
magnitude of this effect is small. Adding nonlocal costs increases the regression R 2 from
only .42 to .43, which is consistent with local costs capturing most information about non-
local costs.

31 Since our data contain information from only 39 MSAs with house price information,
many with a single store, we do not repeat the MSA-level analysis.

32 The negative house price coefficient on marginal cost likely reflects volume discount-
ing: when house prices increase, the resulting increase in demand allows the retailer to
take advantage of discounts from wholesalers. Since marginal cost in our primary specifi-
cation includes vendor discounts and rebates, this can generate the observed negative re-
lationship. If we instead use costs excluding discounts and promotions as the dependent
variable, this negative coefficient disappears.
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population density and age composition. Consistent with results in Sec-
tion II.C, the response of markups and prices to changes in house prices
is increasing in the home ownership rate of the zip code.33 In zip codes
with the lowest home ownership rates, increases in house prices actually
cause retail prices and markups to fall.
Products with a large component of local marginal cost.—While the previous

results document that changes in local wholesale costs are not quantita-
tively important in general and are uncorrelatedwith house price changes,
certain products do have a larger local cost component. If changes in
local marginal costs were important, we would expect that those goods
would contribute significantly to our estimated elasticity. In column 1 of
table 4, we repeat the empirical analysis from table 1 using a retail price
index that excludes product categories classified as “perishable” or as “liq-
uid” by Bronnenberg et al. (2008). Perishable products, such as milk, are
more likely to be sourced locally while liquid products, such as carbonated
beverages, are frequently bottled locally, which might make their costs
more sensitive to local shocks. However, we obtain very similar elasticities
when excluding these potentially problematic product categories from
our local retail price indices, confirming that a pass-through of local mar-
ginal costs is unlikely to explain our findings.
2. Labor Costs
The previous sections documented that wholesale costs, which consti-
tute the vast majority of retailers’ marginal costs, vary little across geog-
raphies and do not rise with local house price shocks. We next address
two other cost pass-through channels: labor costs and retail rents. If there
was an increase in the shadow cost of labor, for example, because of higher
wages, retail prices might increase as retailers pass through this (small)
component of marginal cost.
However, the controls for changes in the unemployment rate, average

weekly wages, and employment shares in our baseline regressions in ta-
ble 1 already suggest that our findings are unlikely to be explained by
pass-through of labor costs. In addition, columns 3 and 4 of table 4 show
the robustness of the results in table 1 to alternative labormarket controls.
33 Our results might seem surprising in light of Eichenbaum et al.’s (2011) finding that
this “retailer resets its reference prices so that variations in the realized markup fall within a
reasonably small interval” (250). However, their finding refers to variation in markups within
a given reference price spell, while our statistic computes markup variation both within and
across spells. Small markup variation within a given reference price spell is consistent with
substantial markup variation when reference prices change. Furthermore, even if there
was no across-spell variation, one can still generate relatively large increases in markups of
22 percent, while remaining within the 1/210 percent within-spell markup interval they
document.
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First, local unemployment measures can be sensitive to measured local
labor force participation, but using changes in the employment-to-
population ratio leaves our results unchanged. Second, grocery stores
tend to hire labor that is less educated than the average population, but
controlling for changes in wages or unemployment among those with at
most a high school diploma in the ACS yields nearly identical results.
3. Retail Rents
We next explore whether a pass-through of higher commercial rents can
explain the retail price response to house prices.34 The most important
piece of evidence against this channel is that the response of house prices
to retail prices grows with local home ownership rates and is essentially
zero in areas with mainly renters (see Sec. II.C). An increase in local rents
should affect a firm’s costs in the same way whether the firm is located in
an area withmany or few homeowners. Thus, an explanation for our price
patterns that relies on pass-through of local land prices into commercial
rents and retail prices will struggle to explain the observed home owner-
ship interaction.
Nevertheless, we next directly control for changes in retail rents in our

empirical specifications, using data on annual effective retail rents that
we obtained from REIS for 45 MSAs. Appendix figure A2 shows the rela-
tionship between changes in house prices and changes in retail rents over
our sample period. The elasticity of cumulative changes in retail rents to
cumulative changes in house prices over the housing boom is 0.2; it is
0.08 in the housing bust. This relatively low pass-through of house prices
to retail rents is consistent with the long duration of retail lease contracts.
As a first back-of-the-envelope calculation, even if retail rent made up an
unrealistic 20 percent of marginal costs, these estimates suggest that rent
pass-through could explain at most one-fourth of our retail price move-
ments.35

To assess more formally the extent to which the (small) changes in re-
tail rents can explain our results, table 5 includes the average retail rent
as a control variable in regression (2). While the statistical significance of
34 Whether rent is a fixed or marginal cost depends on the time horizon. In the short
run, rents are largely a fixed cost (Gopinath et al. 2011). With entry and exit at longer ho-
rizons, an increase in fixed overhead costs would lead to a decline in the number of stores,
and the resulting reduction in competition should lead to an increase in markups. As long
as other costs remained constant, this pass-through channel would still represent an in-
crease in markups.

35 If 20 percent of marginal costs are retail rents and the rent elasticity is 20 percent,
then a doubling of house prices will increase marginal costs by 20% � 20% 5 4 percent.
This is only one-fourth of the total increase in retail prices observed in our regressions.
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the elasticity estimates declines because of the smaller sample size, our
results suggest that the increase in retail prices in response to higher
house prices is not driven by the pass-through of higher retail rents. If
anything, controlling for changes in retail rents increases the estimated
response of retail prices to changes in house prices. As further evidence,
in column 5 of table 4 we exclude the six MSAs in our data with the larg-
est level of retail rents, as identified in the 2012 Retail Research Report
provided by Colliers International. In these markets, retail rents are likely
to make up a larger fraction of total costs; therefore, if the pass-through
of higher retail rents were a significant factor in explaining our results,
we would expect the estimated elasticity to be smaller when excluding
cities with high retail rents. Contrary to this, the estimated elasticity is un-
changed.
4. Demographic Changes and Gentrification
We next explore whether our results are driven by migration and chang-
ing demographics rather than by changes in the behavior of individuals
already living in a location. If richer, less price-sensitive households
moved into a location when house prices increase or if retailers responded
to an overall increase in demand due to more people living in an MSA,
then this could change the interpretation of our results. In column 6 of
table 4 we control for changes in income and in column 7 for changes
in the fraction of population that has completed at least high school
or at least a bachelor’s degree. In column 8 we control for population
growth over our sample period. Our estimates are unaffected by the ad-
dition of these control variables. Consistent with this, Section II.E shows
that the shopping behavior of the same household does indeed change
in response to house price movements.
5. Grocery Retail Entry
As discussed in Section II.A, the most pertinent potential challenge to
using housing supply elasticity as an instrument for house price changes
is that changes in the competitiveness of the retail sector might be cor-
related with both the housing supply elasticity and changes in retail prices.
In particular, in areas where it is difficult to build new houses, it may also
be difficult for new retail establishments to enter. In that case, areas with a
low housing supply elasticity might see greater retail price growth because
of greater house price growth (our effect of interest), but also because of
less retail competition.
In appendix A we formalize this potential concern but show that these

confounding effects can be explicitly dealt with by using data on the
number of local grocery retail establishments as an additional control
This content downloaded from 128.122.186.094 on June 03, 2019 06:35:46 AM
 use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).
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in our regressions. Column 9 of table 4 directly controls for the change
in the number of retail establishments per inhabitant (in addition to the
share of grocery retail employment that is controlled for in all regres-
sions reported in table 4).36 If anything, the estimated elasticity is slightly
larger. Thus, the response of retail prices to house price movements in
our IV regressions is not explained by the simple effect of housing supply
elasticity on local retail competition. This does not imply that supply elas-
ticity does not affect entry, but it does imply that any such effects do not
drive our house price elasticities. In addition, in order for entry effects to
explain the interaction of house price changes with local home owner-
ship rates in Section II.C, there would need to be a strong relationship
between entry and owner occupancy rates. However, when we include
an additional interaction between entry and house price changes in re-
gression (3), this does not affect our previous results. Finally, table A6
shows that much of the response of retail prices to house prices occurs
at relatively high frequencies, where entry is unlikely to be of quantita-
tive significance.
While changes in grocery retail entry therefore cannot explain our

findings, they are interesting in their own right and provide additional
support for markup variation. In table A4 we show the effects of house
prices and supply elasticity on entry. Overall, we find that, if anything,
there is more entry during the housing boom in the less elastic regions
that experienced larger increases in house prices. This provides further
evidence that those regions experienced increases in retail markups: with-
out an increase in profitability, it is hard to explain why there would be
more entry in less elastic regions where entry is more restricted. Of
course, this need not imply that lower supply elasticity increases entry
holding all else equal. Our previous regressions show that areas with
lower housing supply elasticity had higher house price–induced retail
price growth during the housing boom, which makes entry more attrac-
tive. Columns 4 and 5 show that after controlling for house price growth,
greater housing supply elasticity has an insignificant effect on entry.
6. Product or Store Quality
It is worth reemphasizing, at this point, that none of our results are ex-
plained by either changes in the composition of stores or changes in the
composition of products within a store. The reason is that our price in-
dices measure price changes for the sameUPC in the same store. If a low-
quality product is replaced with a higher-quality product with a higher
36 We obtain similar results when using changes in the absolute number of establish-
ments and when controlling for establishment levels rather than changes. Similar controls
in our OLS specification also slightly increase our elasticity estimates.
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price, this product substitution itself does not affect our price index.
Similarly, if higher house prices lead to the entry of higher-quality stores
that charge higher prices, this also does not affect our price index.
A second concernmight be that changes within a particular store could

affect the quality of the same UPC over time. However, while it might be
conceivable that, as house prices go up, stores increase the “freshness” of
their produce, this is much less likely for the type of processed foods and
toiletries that we observe in our data. Furthermore, this would result in
higher shipping and inventory costs, yet we observe no change in mar-
ginal cost in our large retailer data.
Finally, one might be concerned about time-varying changes in the

“shopping experience” of buying identical goods. Even if these were im-
portant, many changes to the shopping experience, such as upgrading
the store, are fixed costs, so a pass-through of these costs would reflect
an increase in markups. Conversely, most changes to the shopping expe-
rience that increase the marginal cost of selling a particular product,
such as hiring more staff to reduce checkout lines, should be picked
up by the controls for labor shares and other measures of marginal cost.
Finally, while grocery stores might be renovated during housing boom
periods, it is unlikely that store owners actively degrade stores during
the housing bust, and differential depreciation during the housing bust
would operate on a longer time scale and thus cannot explain the results
at a quarterly frequency described in appendix B.
E. Shopping Behavior
In the previous sections we documented a positive, causal relationship
between house prices and retail prices. We argued that this relationship
is not driven by an increase in retailers’ marginal costs and is therefore
best explained by an increase in retail markups. In this section, we pro-
vide further evidence on why retailers raise markups following house
price increases, arguing that this is the optimal response to a decrease
in the overall price elasticity. In particular, we show that higher house
prices lead homeowners to increase their nominal spending and to be-
come less price sensitive, while renters, if anything, exhibit the opposite
behavior. Such a demand elasticity response is a natural feature of many
models in which the value of leisure rises with wealth, so that wealthier
households allocate less time to shopping for cheaper prices and thus be-
come less price sensitive (see Alessandria 2009; Aguiar et al. 2013; Huo
and Ríos-Rull 2015; Kaplan and Menzio 2016). This decrease in the de-
mand elasticity faced by firms increases their optimal markup.
We use household-level information on purchasing behavior from

Nielsen Homescan to analyze how changes in house prices affect house-
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hold shopping behavior. Motivated by the differential response of retail
prices to house prices in zip codes with different home ownership rates,
we allow homeowners and renters to respond differently to house price
changes.37 The dependent variable in regression (4) captures the shop-
ping behavior of household i, in zip code z, in quarter q :38

ShoppingOutcomei,z,q 5 wi,z 1 yq 1 b1 log HousePricesð Þz,q
1 b2Homeowneri,q 1 b3 log HousePricesð Þz,q
�Homeowneri,q 1 gXz 1 ei,z,q : (4)

In our baseline estimates, we measure local house prices at the quarter�
zip code level, but our results are robust to measuring house prices at the
quarter � MSA level. We include quarter fixed effects, yq, to control for
any aggregate time trends. Importantly, we also control for household �
zip code fixed effects, wi,z. This keeps constant any household-specific de-
terminants of shopping behavior, such as the disutility from comparing
prices or the baseline preference for generic goods. In addition, it en-
sures that the effects are not driven by changes in households’ shopping
behavior as they move to zip codes with different levels of house prices.
Instead, our estimates come from observing how the behavior of the
same household living in the same zip code changes as house prices vary.
The parameter b1 is informative for how changes in house prices affect
the shopping behavior of renters, while b3 captures the differential effect
of house prices on homeowners.
Columns 1 and 2 of table 6 show that increases in house prices lead to

more retail spending by homeowners but to somewhat reduced spending
by renters (though that effect is not statistically significant). Owing to
household fixed effects in regression (4), the coefficient on homeowner,
b2, is identified only off households that change tenure, so the negative
coefficient suggests that households spend less after a house purchase,
perhaps because of down payment constraints. Our results are insensitive
to dropping these households, and if we remove household fixed effects,
homeowners have higher expenditures and are less price sensitive than
renters. Overall, the estimate of b3 is consistent with homeowners
37 We identify households in one-family noncondo buildings as homeowners and those
in three-plus-family noncondo buildings as renters. Replacing household-level home own-
ership with zip code–level home ownership rates delivers similar results.

38 A quarterly specification rather than the previous long-difference specification is nec-
essary in Homescan data because panel turnover means that only a small and selected set
of households are observed over the full sample. To facilitate comparability, app. B pre-
sents quarterly specifications of our retail price results.
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consuming out of their increased housing wealth.39 These estimates high-
light the first of two channels through which higher house prices reduce
the average price elasticity faced by retailers. As house prices increase, the
share of total expenditure coming from lower-elasticity homeowners in-
creases relative to the share of expenditures fromhigher-elasticity renters.
In addition to this “extensive margin” effect, we document below an “in-
tensive margin” effect, whereby each individual homeowner becomes
even less price elastic as house prices increase.
One potential concern with the specifications in columns 1 and 2 is

that the differential behavior by homeowners might also be picking up
differential behavior along other dimensions that are correlated with
homeownership, such as income and age. To test whether this is the case,
in column 3we include additional controls for the interaction of log house
prices with household income, age of the household head, race of the
householdhead,marital status of the householdhead, and education level
of the household head. Reassuringly, the coefficient on the interaction of
home ownership status and log house prices remains unaffected.40 This
supports the interpretation that our estimates are picking up differential
wealth effects of house price changes for homeowners and renters.41
39 Given our previous findings that higher house prices also cause higher retail prices, it
is interesting to ask what fraction of this increase in nominal expenditures is driven by
higher prices. We find that across those individuals living in areas for which we can con-
struct an IRI price index, the house price effect on real expenditures is about 30 percent
smaller than the effect on nominal expenditures. However, we observe an IRI price index
for the locations of only about 70 percent of respondents in the Homescan data. When we
construct an alternative price index based on Homescan transaction prices, the real share
of the nominal increase falls slightly. See Kaplan, Mitman, and Violante (2016) for recent
related estimates.

40 We also control for uninteracted levels of these characteristics. Because of household
fixed effects, these are identified only in the small number of cases in which there is a
within-household change in these variables. In the interest of space, we do not report co-
efficients on the additional controls or their interactions with house prices. Since we in-
clude interactions of house prices with these additional controls, the single coefficient, b1,
loses its interpretation as the effect of house prices on renters.

41 It is interesting to consider other dimensions of heterogeneity that might predict dif-
ferent responses to house price changes. Unfortunately, theoretical predictions for other
characteristics in our data are ambiguous. To see this, decompose the total expenditure
response to house prices into two components, the expenditure response to wealth (or
borrowing constraint) changes and the response of wealth (or borrowing constraints) to
house price changes:

dExp

dHP
5

dExp

dWealth 1 Borrow
� dWealth 1 Borrow

dHP
:

Since ðdWealth 1 BorrowÞ=dHP has (weakly) opposite signs for homeowners and renters
and dExp=ðdWealth 1 BorrowÞ is (weakly) positive for everyone, the difference in dExp=
dHP for homeowners and renters follows naturally. However, many other sources of within-
homeowner heterogeneity give rise to ambiguous predictions. For example, consider young
vs. old homeowners. Since both parts of the decomposition are positive for homeowners,
any differential age effects depend on how magnitudes rather than signs vary with age. In
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Wenow turn to “intensivemargin” effects, showing that individual home-
owners become less price sensitive as house prices rise, consistent with our
previous findings that retail prices increase more with house prices in ar-
eas with more homeowners. In columns 4–6 of table 6, the dependent var-
iable is the expenditure share on goods that are on sale. We find that, as
house prices increase, homeowners are less likely to purchase goods that
are on sale. In columns 7–9, we use the share of purchases of cheaper ge-
neric goods as the dependent variable. A higher share of generic pur-
chases again suggests higher price sensitivity. In columns 10–12, the de-
pendent variable is the share of purchases made with a coupon, another
measure of how intensely consumers substitute time for lower prices. As
before, these three measures of price sensitivity decrease with house
prices for homeowners but do not move significantly for renters.
One might be concerned that changing expenditure shares could re-

flect changes in the composition of goods purchased by households as
their housing wealth increases rather than changes in households’ shop-
ping intensity and price sensitivity for a given good. For example, a de-
cline in the expenditure share on sale items could reflect either a reduc-
tion in the shopping intensity devoted to the same goods or a change in
the composition of purchases toward goods that are on sale less often. In
the latter case we would see changes in expenditure shares, but this would
not necessarily indicate a decline in price sensitivity. To show this is not
the case, table A7 presents results from a version of regression (4) in which
the unit of observation is a shopping outcome for each household� quar-
ter� product category. As before, we include household� zip code fixed
effects but also add product category � quarter fixed effects.
Columns 1–3 show that, for homeowners, higher house prices lead to

higher total expenditures within each product category; higher house
prices lead to lower expenditures for renters, though the effect is again
not statistically significant. The magnitude is similar to that in table 6.
Columns 4–6 show that the share of products bought on sale within each
product category varies with house prices in the same way as when we
pool across product categories. Similar results are obtained when look-
ing at the share of goods purchased with a coupon and the share of ge-
neric goods purchased. This suggests that the observed changes in ex-
the Survey of Consumer Finances, housing wealth is a relatively constant share of total
wealth among owners over the life cycle except at the very end of life. Therefore, we would
expect the life cycle profile of dExp=dHP to be driven by the life cycle profile of dExp=
ðdWealth 1 BorrowÞ. However, there is no consensus on this profile, either in the data
or in theory (see Sahm, Shapiro, and Slemrod [2010], Kaplan and Violante [2014], Berger
et al. [2018], and papers cited therein). Other household characteristics in our data (e.g.,
income) involve similar ambiguity, so we restrict attention to the difference between renters
and homeowners. However, studying the empirical relationship between housing equity, li-
quidity, and shopping behavior is an interesting avenue for future research that could po-
tentially be explored by linking credit bureau information with the Nielsen Homescan data.
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penditure shares are truly driven by changing household price sensi-
tivity, and not by compositional changes in the types of products pur-
chased.
Finally, onemight be interested in analyzing the extent to which our find-

ings are driven by changes in the share of goods that are on sale (or
changes in the local availability of generics or coupons) rather than by
changes in households’ effort in searching for these sales. That is, we
want to isolate changes in purchases that are driven by changes in house-
hold behavior from those driven by changes in firm behavior. To do this,
we would ideally like to include zip code � quarter fixed effects to cap-
ture time variation in the propensity of goods in a zip code to be on sale.
However, this removes almost all of the variation, since we often observe
only onehouseholdper zip code. In tableA8we thus repeat regression (4)
including MSA � quarter fixed effects, both with and without including
other household characteristics interacted with the log of house prices.
This controls for MSA-level changes in the share of goods offered on sale
in response to changes in house prices. The estimated interaction be-
tween house prices and home ownership status remains economically
and statistically significant and is, if anything, slightly larger in magnitude
than that in table 6.
The evidence in this section shows that wealth effects from higher

house prices make homeowners less price elastic and renters more price
elastic. Therefore, as house prices increase, retailers can increase their
markups, in particular in areas with many homeowners.
F. Interpretation and Discussion of Magnitude
In the previous sections, we concentrated on establishing a causal rela-
tionship between changes in house prices and changes in markups and
on documenting changes in the price elasticities of homeowners in re-
sponse to house price increases. We next interpret the magnitude of
our effects and their implications for price variation across locations.
An important first step is to discuss the external validity of our findings,
since the scanner data that allow us to precisely measure local prices and
establish causality are limited to mostly food items, and other prices
could potentially respond differently to house price changes.
There are several reasons why we believe our results extend to prices

in general. Panel C of figure 1 shows that, across cities, the BLS food-at-
home CPI moves closely with the broader CPI, which suggests that the
price movements we identify generalize to a large set of goods. We also
run a simple OLS regression of changes in these BLS price indices on
changes in local house prices. Despite having only 26 observations in this
regression, we find significant responses of both the broad CPI and the
food-at-home CPI to house price movements. The implied elasticities are
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nearly identical both to each other and to our regressions using IRI
data.42 Finally, in addition to the pooled results discussed in Section II.E,
we found that our measures of household shopping intensity respond sim-
ilarly to house price movements across a large variety of product categories,
so there is reason to believe that markups should also respond similarly.43

Thus, we believe that our estimated elasticities provide a reasonable base-
line for the response of more general price levels to house price move-
ments.
How much of the across-MSA variation in inflation can be explained

by differential house price movements? Over the housing boom, the 90–
10 percentile difference in house price growth across MSAs was 45 per-
cent. Multiplying this difference by our estimated boom elasticities of
15–23 percent implies that moving from the 10th percentile of MSA
house price growth to the 90th percentile of MSA house price growth
generates an increase in relative retail prices of 7–10 percent.44 This com-
pares to an overall 90–10 difference in retail price changes of 12 percent.
The same calculation in the housing bust implies that house price differ-
ences generate a 5–6 percent 90–10 retail price movement, compared
with an actual 90–10 difference of 8.4 percent. Given that the differential
housing boom-bust across locations was one of the most important re-
gional factors during this time period, we think it is indeed plausible that
a substantial part of the regional variation in retail price changes can be
explained through this channel.
Is the magnitude of markup variation implied by our observed retail

price movements plausible? If markup variation explains all of the ob-
42 Specifically, when we use the overall CPI, we find elasticities of 0.106 (standard error
[SE]5 0.040) for the full period (2001–11), as well as elasticities of 0.079 (SE5 0.020) for
the boom (2001–6) and elasticities of 0.051 (SE5 0.026) for the bust (2007–11). When we
analyze the food-at-home CPI, elasticities are 0.062 (SE5 0.018) for the boom, 0.042 (SE5
0.054) for the bust, and 0.085 (SE5 0.034) for the full period. The estimated elasticities for
the bust period in this sample are significantly downward biased by the outlier of Miami,
which has by far the largest house price drop but has about average retail price increases.
When dropping this observation, elasticities during the bust increase to 0.095 (SE 5
0.054) for the food-at-home CPI and to 0.083 (SE 5 0.023) for the overall CPI. Dropping
Miami leaves the estimates for the other elasticities relatively unaffected.

43 One might be concerned that since food spending rises less with wealth than other
consumption, implied price responses in other categories might be implausibly large.
However, even if the level of demand for different goods responds differently to shocks,
this need not imply that the elasticity of demand also does so. We believe it is plausible that
the elasticity of demand for food falls substantially with wealth shocks, even if most of the
additional consumption occurs in nonfood items.

44 Our conclusion that, across space, stores are varying markups substantially might
seem at odds with the conclusion in Kaplan and Menzio (2016) that store-specific pricing
effects explain only 10 percent of overall price variation. However, overall price variation
across households is huge in their data, so the 10 percent, which is due to the store-specific
component, is still large in an absolute sense. More importantly, their analysis computes
price dispersion within a market rather than across markets, and so most of our effects
of interest would not be captured in their price measures.
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served elasticities of retail prices to house prices, then a 10 percent in-
crease in house prices implies markup changes of 1.5–2 percentage points.
We directly observe an average markup of roughly 45 percent for our large
anonymous retailer, so a 2 percentage point movement does not seem un-
reasonable.45 Assuming a constant elasticity of substitution, this implies a
reduction from 3.22 to 3.13 in this elasticity.
Finally, it is important to note that all of our empirical estimates mea-

sure the response of prices and markups to house prices at medium-run
business cycle frequencies. Section II.D.5 shows that for the time hori-
zons in our sample, store entry plays only a small role. However, over lon-
ger time horizons, entry should diminish these initial markup responses.
That is, our conclusion that natural markups are procyclical does not im-
ply that there will be trend growth in markups in the long run, even if
average household wealth increases over time.
III. Conclusion
We link detailed geographically disaggregated data on local house prices,
retail prices, and household shopping behavior to provide new evidence
on how the economy responds to changes in demand. We argue that in-
creases in house prices lead to changes in demand for homeowners who
become less price sensitive and that firms respond by raising markups.
Consistent with this interpretation, we find much stronger retail price re-
sponses to changes in house prices when home ownership rates are high.
We also find evidence of differential shopping responses to house price
changes for homeowners and renters. The economic magnitude of our
price effect is large but not implausible: we estimate elasticities of retail
prices to house prices of 15–20 percent and show that this channel can
explain a large fraction of geographic variation in retail price changes.
As discussed in the introduction (and in more detail in app. D), the con-
clusion that household price sensitivity declines with housing wealth and
that this leads firms to raise markups has wide-ranging implications for
business cycle modeling, industrial organization, and urban economics.
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