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ARTICLE

Is intertemporal price discrimination the cause of price dispersion in markets 
with low search costs?
Charlie Lindgren a, Sven-Olov Daunfeldt a,b, Niklas Rudholmb and Siril Yellaa

aSchool of Technology and Business Studies, Dalarna University, Falun, Sweden; bInstitute of Retail Economics, Stockholm, Sweden

ABSTRACT
Theories of intertemporal price discrimination imply that prices must be chosen using mixed 
strategies, with retailers changing their prices randomly over time. Otherwise, consumers will 
learn which retailer has the lowest price, and eventually, all customers will patronize the lowest 
price retailer, or all retailers will charge the same price. We test whether price dispersion is 
explained by intertemporal price discrimination strategies using a dataset of identical products 
sold through the PriceSpy price comparison website. Our results show that there are clusters of 
retailers with similar pricing within each cluster, but with different price levels between clusters 
even after controlling for retailer heterogeneity. Retailers also remain in the same price cluster over 
time, suggesting that consumers have ample opportunities to learn which retailers belong to 
which price cluster. Intertemporal price discrimination is thus unlikely to have caused the observed 
price dispersion.
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I. Introduction

In his seminal article, Stigler (1961) pointed out the 
extensive price dispersion for homogeneous pro-
ducts sold in well-developed markets. Several studies 
have since then confirmed his findings, even in mar-
kets with low search costs. In a recent study of price 
dispersion covering 1.4 million goods in 54 markets 
in the US, Kaplan and Menzio (2015) found that the 
average standard deviation of prices was 19% for 
identical goods sold in the same geographical market 
during the same quarter, while it was 36% for close 
but not identical substitutes.

The most commonly used models for explaining 
such price dispersion are clearinghouse models. In 
a clearinghouse model, retailers must simulta-
neously appeal to two types of customers: shoppers 
who search and use the available price list to buy 
from the retailer offering the lowest price, and non- 
shoppers who do not engage in search but learn 
prices over time as they visit stores’ or retailers’ 
webpages. For price dispersion to remain, there 
must be some consumers who are non-shoppers, 
and prices must be chosen using mixed strategies, 
with retailers changing their prices randomly 
(Varian 1980; Lach 2002). Otherwise, consumers 
will eventually learn which retailer has the lowest 

price, and all customers will either patronize the 
lowest price retailer, or all retailers will charge the 
same price. The reasons for not being a shopper 
can differ. Consumers might have strong prefer-
ences for a specific retailer (Rosenthal 1980; 
Narasimhan 1988), or not have access to the clear-
inghouse price list (Varian 1980).

The most widely cited clearinghouse model was 
developed by Varian (1980), but there have been 
several followers extending that model in different 
directions (Narasimhan 1988; Stahl 1989). Recent 
extensions include models with heterogeneous 
search costs (Chen and Zhang 2011), unknown pro-
duction costs (Jansen et al., 2011), non-shoppers 
with some but limited information (Parakhonyak 
2014), costly recall for consumers (Jansen and 
Parakhonyak 2014), and geographical consumer seg-
regation (Obradovits 2017). A common feature of 
these models is that the use of mixed strategies cre-
ates price dispersion in equilibrium. Clearinghouse 
models have also been widely used as a motive for 
empirical studies relating price dispersion to the size 
of search costs in different markets (Bayliss and 
Perloff 2002; Lach 2002; Baye, Morgan, and 
Scholten 2004; Seim and Sinkinsson, 2016; 
Pennerstorfer et al. 2020).
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The use of mixed strategies has empirically tes-
table implications. First, there can be no grouping 
of retailers having similar, and thus predictable, 
price strategies that remain over time. Second, the 
position of individual retailers within a cross- 
sectional price distribution will change randomly 
over time. Therefore, there will be no distinguish-
able patterns in a transition matrix of prices, and 
the probability of remaining in the same position in 
the transition matrix should be low.

There are three previous studies that formally test 
if both the necessary (remaining price dispersion) and 
sufficient (randomization of prices) conditions for 
clearinghouse models are fulfilled. Evidence from 
these studies are mixed, with Bayliss and Perloff 
(2002) rejecting the clearinghouse model, while 
Lach (2002) and Baye, Morgan, and Scholten (2004) 
support it. However, Bayliss and Perloff (2002) and 
Baye, Morgan, and Scholten (2004) do not account 
for retailer heterogeneity in their transition matrix 
analysis, while Lach (2002) arbitrarily groups retailers 
into quartiles when investigating price movements.

We test the predictions from clearinghouse mod-
els using a dataset of identical products sold through 
the PriceSpy price comparison website. In contrast 
to previous studies, we account for retailer hetero-
geneity and use cluster analysis to determine the size 
and number of retail clusters with similar prices. As 
such, we contribute to the literature by adding 
a current and methodologically comprehensive test 
of clearinghouse models. We find that data support 
the necessary condition of remining price dispersion 
from a clearinghouse model, but not the sufficient 
condition of retailers randomizing their prices.

II. Method

Compared to previous studies (Bayliss and Perloff 
2002; Lach 2002; Baye, Morgan, and Scholten 2004), 
we consider a large set of products (14) that are 
observed with a higher frequency (daily) and for 
a longer period (up to 42 months). An important 
feature of our data is that the products are identical 
between retailers and that there is no ambiguity in 
product representation on the price comparison web-
site. However, the average coefficient of variation for 
the price of these products (Table 1) still reveals sub-
stantial price dispersion.
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Following Lach (2002), we control for time- 
invariant retailer heterogeneity using the following 
model: 

log pit ¼ μþ αi þ σt þ �it (1) 

where pit is the CPI-adjusted price of product i on day 
t, αi is a retailer-specific fixed effect and σt is a day- 
specific fixed effect. The residual variation �it for each 
individual retailer represents the percentage deviation 
of a retailer’s price from the geometric mean in the 
group of retailers when controlling for both retailer 
and time heterogeneity (Lach 2002).

Lach (2002) divided the residuals from the esti-
mation of Equation (1) into quartiles and then 
investigated the frequency and likelihood of price 
movements between these quartiles to determine 
whether price movements followed the predictions 
of intertemporal price discrimination models. 
However, the grouping of prices into quartiles is 
arbitrary, and both the number and size of retailer 
price clusters are likely to differ between products. 
Therefore, we adopt clustering techniques to let the 
data identify the number and size of retail price 
clusters instead of arbitrarily dividing the data into 
quartiles. If there are groups of retailers gathered in 
well-defined price clusters, these clusters remain 
over long periods, and the ranking of an individual 
retailer in a Markovian transition matrix of these 
clusters is likely to stay the same, this indicates that 
retailers do not follow an intertemporal price dis-
crimination strategy.

There are some characteristics common to retail 
prices that might confound this analysis. For example, 
if a retailer changes price in advance of competitors, 
even by a day, it can influence whether that store 
belongs to a cluster of retailers or not, even if 
a similar pricing pattern is otherwise clearly visible. 
To mitigate this issue, we use the methods of dynamic 
time warping (Rath and Manmatha 2003) and piece-
wise aggregation approximation (Keogh et al. 2001). 
We then use the ‘elbow method’ (Thorndike 1953) to 
determine the appropriate number of clusters and the 
number of retailers belonging to each cluster. Finally, 
we determine to which extent retailers move between 

clusters using Markovian transition matrices.1 

A pattern of retailer transition probabilities that 
align with the diagonal of a K x K transition matrix 
indicates that intra-distribution mobility is low. 
Following Lach (2002), we use monthly transition 
matrices.

III. Results

Table 1 shows that there are between 2 and 5 price 
clusters, depending on the product considered, and 
that the average amount of time that a retailer spends 
in a specific cluster ranges from 19 to 246 days. We 
also present the likelihood of observing an individual 
retailer along the diagonal, i.e., remaining in the same 
price cluster as in the month before, in Table 1. In a K 
x K transition matrix, the likelihood of randomly 
being observed in the diagonal will equal 1/K, while 
the likelihood of being observed in the off-diagonal 
will equal [(K-1) x K)/(K x K)]. Thus, in a 2 × 2 
transition matrix, pricing using mixed strategies 
should give a likelihood for the diagonal of 0.5, while 
the likelihood for the diagonal for the two-cluster 
products ranges from 0.72 to 0.85 in our data. For 
a 3 × 3 transition matrix, we expect to observe the 
diagonal in 1/3 of all cases (0.33), but the averages 
instead range from 0.43 to 0.78. For no product do we 
reach the expected number according to intertem-
poral price discrimination models.2

IV. Discussion

Clearinghouse models predict that price dispersion 
can remain for identical products sold in markets 
with low search costs, given that retailers randomly 
change their prices over time. We have applied clus-
tering techniques to test these predictions using data 
on identical products from the price comparison web-
site PriceSpy. We found support for the prediction 
that price dispersion remains even after controlling 
for heterogeneity in retailer offerings, but no support 
that retailers randomize prices. On the contrary, there 
are clusters of retailers that maintain persistently high, 
mid-range, or low prices over time. The clearinghouse 

1These methods are explained in more detail in appendices A and B in the supplemental online material.
2Since the results are contingent on the time horizon considered, we also present results using biweekly and bimonthly transition matrices in appendix B in the 

online material. Except for the bimonthly result for the Apple iPhone, we observe the above expected probabilities along the diagonal of the transition 
matrices for all products. Additionally, for a direct comparison with Lach (2002), we present results for retailer prices divided into quartiles in appendix C in the 
online material. This analysis also shows higher than expected probabilities along the diagonal of the transition matrices.
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model is thus not supported by our analysis, suggest-
ing that intertemporal price discrimination is unlikely 
to explain the observed price dispersion. One possible 
interpretation is that the share of consumers using 
price comparison websites in Sweden is still low 
enough to make it profitable for some retailers to 
focus on the group of uninformed consumers, while 
also listing their products on the price comparison 
website.
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