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Abstract

We study the effect of price variations over time and across space on search intensity and
search time by consumers in retail markets for diesel in France. The main contribution of
the paper is that existing work in industrial organisation in this area has already studied the
effect of such variability on the first measure of search but not on the second one. Using
novel data from daily consultation measures and price information from a government-
run website, we find that price dispersion across space increases search activity and the
amount of time allocated to search. Furthermore, while contemporaneous price changes do
not appear to influence the number of visits and time per visit to the website, several coef-
ficients on past price changes are positive and statistically different from zero. Our results
thus suggest that price dispersion and price variability play a role in inducing search by
current and potential customers.
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1 Introduction

Ever since Stigler (1961), a growing number of papers have analysed empirically the asso-
ciation between consumer information and price dispersion. Studying gasoline demand,
Marvel (1976) finds that both price dispersion at a point in time and price variability over
time depend on a set of proxy variables that represent the benefits and costs to consum-
ers of acquiring information. In a review of the literature, Baye et al. (2006) conclude that
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much of the observed price dispersion in online and offline markets stems from consumers’
costs of acquiring information about firms, and firms’ costs of transmitting information
to consumers. The question that arises is: How do consumers acquire information? The
theoretical literature offers two models: clearinghouse and sequential search models. In the
former, (some) consumers enter an information clearinghouse and become fully informed
through, for instance, newspaper and all-or-nothing non-sequential searches. In the latter,
consumers assemble information by sequentially visiting the stores in the market and stop-
ping at some point without becoming perfectly informed. The main feature in all-or-noth-
ing non-sequential search models is that they do not allow for searching more or less, but
for a discrete decision only: consumers do not search and remain uninformed, or do search
and become fully informed.

During the last decade or so, the introduction of transparency initiatives in the form of
mandatory price posting and the advent of vendor websites have led to the study of the
effect of information disclosure mechanisms on market outcomes such as price levels and
price dispersion; see, inter alia, Hong (2014), Jang (2015), Rossi and Chintagunta (2016)
and Luco (2019). At the same time, a number of authors have started to use the number of
daily visits to these websites as a proxy for consumer search, with the purpose of studying
the factors that guide consumers to search for better prices, reversing, to some extent, the
price dispersion-consumer search link studied in (almost all) the previous research.

In this paper, we examine the effect of price changes and price dispersion on consumer
search in retail diesel markets in France. We take advantage of a piece of French legisla-
tion requiring that all stations that sell more than 500 m? of fuel per year must report all
fuel price changes to the Ministry of Economy, which are then made freely available to
the public through a governmental website. The motivation behind the website is to pro-
vide motorists with accurate and up to date price information to help guide their purchase
decisions. From theoretical models of price dispersion, the French government website
serves as an information clearinghouse that fully informs consumers who visit the site. It
means sequential search models are less likely to apply to this situation.! We use these data
to obtain an accurate measure of market-level cross-sectional price dispersion and their
changes from day to day. In addition, the main feature of this research is that for measuring
consumer search we use novel data on daily consultation measures from this government-
run site.

While Lewis and Marvel (2011), Byrne et al. (2015), Noel (2018) and Noel and Qiang
(2019) have already used retail price data from websites, i.e. GasBuddy.com for the US and
Canada, the prices in such websites are provided by voluntary observers, and so there is
the possibility of sample selection bias; see e.g. Atkinson (2008). In contrast, the fact that
French legislation mandates that stations must report their prices implies that geographical
coverage is maximised, while sample selection biases, data inaccuracies and report delays
are minimised. In this respect, we follow closely Byrne and de Roos (2017) inasmuch as
we also have a measure of search intensity given by the number of unique daily visits to
the website. Unlike Byrne and de Roos (2017), the distinctive aspect of our analysis is
that we use for the first time a measure of time spent per search. As in all models of search
(see e.g. Varian 1980, Stahl 1989, Yang and Ye 2008, Lewis and Marvel 2011), consumers
make decisions on whether to search to become informed about prices or not to search and
stay uninformed. In these models, informed consumers are those that observe the prices

! See Baye et al. (2006) for a critical survey on information clearinghouse models and Pennerstorfer et al.
(2020), who use this model in their work.
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charged by all firms, and then purchase from the firm that offers the lowest price, while
uninformed consumers shop randomly and only observe the price at which they purchase.
A consumer’s decision to search depends on whether the expected benefit of searching
outweighs individual search cost. Thus, the information disclosure policy enforced by the
French government affects consumer search decisions by reducing the costs of obtaining
accurate and reliable price information.

In this paper, we provide two consumer search intensity measures: the number of visi-
tors to the respective website and the time spent there.? The availability of a free site where
fuel prices are posted raises a number of questions of interest: How can the disclosure
of daily prices affect consumer behaviour? What does the time spent on this government
website tell us? Who is expected to spend more time searching the market? Answering
these questions involves the consideration of first- and second-order effects. Indeed, one
potential first-order effect is that the government website pushes some part of the mass
of uninformed consumers to become informed, since it reduces search costs and implic-
itly increases search benefits. Then, assuming consumers behave rationally, as in Tap-
pata (2009), one would expect that the number of daily visits to the website are positively
associated with both price dispersion and price variability over time. However, increased
search benefits occur in models that only deal with the consumer side. A firm would find
it optimal to compete for the larger share of informed consumers with a low price. Hence,
the mass in the price distribution would shift downwards, giving less dispersion. The ben-
efits to searching would go down because a consumer is more likely to already observe a
low-price firm at random; see e.g., Petrikaité (2016) for a theoretical analysis of increased
transparency and the pricing decision by firms.

The second-order effects comprise the easiness to search the web relative to the gains
from searching.3 Some people who are efficient at using computers and surfing the Internet
can retrieve information rapidly from the website and therefore have low or zero search
costs. These individuals will use the website even if the gains from search are small (for
example, because price dispersion is small). Other consumers are less efficient and only
search if they perceive significant benefits. The time spent on the website reflects the effi-
ciency of the search process. Therefore, to the extent that less and less efficient consumers
start searching the market, the gains from search increase. Two effects emerge: First, the
number of visits increases and, second, the average time spent on the website increases.
Thus, the second-order effect arises from the successive entrance of less proficient con-
sumers in using computers and surfing the Internet. Conceptually and to some extent, one
can think of the customers with a high ability to navigate the government website in the
spirit of the heterogeneous consumers in Tappata’s model. To say, the portion of consum-
ers he calls shoppers with negative or low search costs.

Another salient aspect that distinguishes our work from that in Byrne and de Roos
(2017) is that these authors use data from a single city where, for reasons not specified,

2 1t is also possible to think of an alternative measure of search intensity following Kaplan and Menzio
(2015). In that paper, the idea is that families with fewer employed members are likely to pay lower prices
because they have more time to visit a more significant number of stores. Although there is no doubt that it
is an interesting insight, data availability prevents us from using this related measure of search in our econo-
metric analysis.

3 Early literature on the cost of search in gasoline markets suggests two components. The first one com-
prises the costs of automotive depreciation, consuming gasoline, and the like, while the second one involves
the cost of time spent in searching (Marvel 1976). Mandatory gasoline price retail reporting initiatives in
government websites considerably reduce the first type of search costs.
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price changes always occur on Thursdays, allowing consumers to anticipate variations and
increase their searches in the prior days. In contrast, in the French database at our disposal
price changes do not exhibit any regular behaviour that can be anticipated.

The paper is organised as follows. Section 2 describes the data. Section 3 presents the
results of the econometric analysis on the determinants of search activity, as measured by
the number of website visits and time spent per visit. Section 4 concludes.

2 Data description

We use two sources of data. The first comes from the website https://www.prix-carburants.
gouv.fr/, which contains information on price changes in all gas stations that sell more than
500 m? of fuel per year in France. Specifically, we downloaded daily prices from 1 January
2016 to 30 June 2018 (T = 912 time observations). The choice of the sample period is dic-
tated by the need to match the one available on the measures of daily search activity. The
data contain an identification number for each gas station, the price of a litre of fuel (which
we express in cents of Euro), and the date of the price report. In addition, it is also pos-
sible to identify the type of retailer (supermarket, major oil company, or small independ-
ent retailer), and if the station is located on a motorway. We focus on stations located in
continental France; stations in the overseas territories of Corse-Du-Sud, Guadeloupe, Mar-
tinique, French Guiana and Réunion are excluded because they are not geographically con-
tiguous with any other station in continental France, and so some of the arbitrage mecha-
nisms that explain consumer search across stations do not operate in these instances. Initial
inspection of the data reveals that the number of gas stations varies between 9266 and 9499
over the study period. Bearing in mind that the number of stations in France was 11,200 at
the end of 2016 (FuelsEurope 2017, Figure 51), the database used in the empirical analysis
offers a coverage of approximately between 83 and 85%. Lastly, we focus on the price of
diesel (gazole), denoted p,, because of the relative importance of this type of fuel in France
over the sample period; for instance, in 2016 the share of diesel demand amounted to 83%
compared to only 17% for gasoline (FuelsEurope 2017, Figure 10).

The second source of data is the open platform of French public data available at http://
www.data.gouv.fr/. This website, which contains certified traffic statistics of the main gov-
ernment websites in the country, provides daily information on the number of visits, visi-
tors, page views, and time spent on each site. In particular, we retrieve information of two
variables for the website https://www.prix-carburants.gouv.fr/, namely total number of vis-
its and time spent per visit. Very recently, Byrne and de Roos (2017) analysed data on the
first variable for Perth (Australia), but not for the second one. The search activity data that
we use are available from 1 January 2016 to 30 June 2018, refer to diesel only, and include
searches performed using both desktop and mobile devices. At this point, it should be
noted that one of the difficulties that we face has to do with the mismatch between the price
data and the search data. In other words, we have very detailed local price data at the sta-
tion level, while the search data is only at the national level. This issue forces us, like Lewis
and Marvel (2011), to examine aggregate search behaviour with price levels and price dis-
persion aggregated across the country. Ideally, we would have preferred search data at a
more local market-level (like a city or town) as in Byrne and de Roos (2017), which would
make the local market definition clearer. Unfortunately, we were not able to work with the
French price platform directly to gain access to such search data.
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Fig.3 Empirical density of website visits

Figures 1 and 2 present plots of the time path of the total number of visits and time spent
per visit, respectively. The number of daily visits has fluctuated around 2000, although there
are occasional days when it doubles and triples in size. As for the time spent per visit, the
range of variation goes from 1.7 to 3.1 min, with an average of 2.1 min. The correlation coef-
ficient between these two measures of search activity is approximately equal to 0.35, and is
statistically different from zero. The fact that the correlation coefficient is moderate suggests
that the two variables seem to be capturing different dimensions of the consumer search pro-
cess (or, to put it another way, that one variable should not be used in place of the other one).
Figures 3 and 4 offer kernel density plots of these measures of search activity by day of the
week. As can be seen, the two plots are noticeable different. Indeed, while consumers tend
to visit the site mostly on Saturdays and Fridays (Fig. 3), they tend to allocate more time to
search for better deals on Sundays (Fig. 4). As for consumer search by season of the year, for
both variables there appears to be more activity during the summer months of June, July and
August, compared to the other months (these plots are not reported here to save space though).

3 Econometric analysis

Our empirical analysis of search activity examines the following variant of the model esti-
mated by Byrne and de Roos (2017):

k

Iny, = p, + ) BriAp,_; + B30, + %, Py +¢,. (1)
=0
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Fig. 4 Empirical density of time spent per website visit

where y, is either the number of visits to the website, or the amount of time spent per visit.
The set of regressors includes contemporaneous and past variations in diesel prices,
Ap, = p, — p,_;. It also includes the vector xT which consists of indicator variables for day-
of-week, season and holiday effects, and the dispersion of diesel prices as measured by
their cross-sectional standard deviation o, . Looking closely at the measure of price disper-
sion, it is worthy of notice that search data are observed on the national level, while local-
ised search data would be better because competition in retail fuel is localised. Put another
way, price dispersion is an indicator of the gains derived from search, and local (not
national) price dispersion determines search benefits. If, for example, costs decline, sta-
tions in some local markets might collude on the “old” price (as a focal point), while sta-
tions in other local markets might not collude and lower their prices rapidly. In this case,
we would have local markets with high prices and little price dispersion, and markets with
low prices and little price dispersion. It means that the national measure on price disper-
sion, 6,,, would deceptively suggest a high level of price dispersion in the market. Thus, as
part of the robustness analysis, we further calculate measures of price dispersion at the
local market (postcode) level and take the average of these localised dispersion measures
rather than price dispersion calculated at the national level. The resulting measurement of
price dispersion calculated in this alternative way is a;. The model in Eq. (1) differs from
that in Byrne and de Roos (2017) in as much as we do not include price-cycle related
dummy variables, since price cycles do not appear to exist in France’s fuel prices. The dis-
turbance term is &,.

The presence of lags of Ap, allows for the possibility that consumers respond to recent
prices when deciding how much to search, e.g. if the press has been discussing rising oil/
gas prices for several days. We estimate Eq. (1) for up to kK = 30 and then select the optimal
value of k using the Schwarz information criterion (SIC). Performing all estimations over
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the same sample period, so that the resulting regressions are comparable for the different
choices of k, and using 0, We find an optimal value of kK = 7 when the number of visits is
the dependent variable, and k = 8 when the dependent variable is time spent per visit.

Using Gp*, we find optimal values of kK = 5 and k = 8 when the dependent variable is the

number of visits and the time spent per visit, respectively.*

An important estimation aspect that one must take into account is that consumers’
search and firms’ price-setting behaviour are determined simultaneously, as shown by Var-
ian (1980) and, subsequently, Chandra and Tappata (2011). Thus, it is relevant to account
for the possibility that price movements may cause search and vice versa.’> To ensure that
the estimates of the coefficients in Eq. (1) are not subject to simultaneity bias, we apply
instrumental variable (IV) estimation. The idea behind this estimation method is to isolate
and identify the effect of Ap, on consumer search using a variable that does not appear
in the equation, is correlated with Ap,, and is not correlated with the error term g,. More
specifically, we use Brent crude oil price changes (in Euro) as an instrument for Ap,. The
rationale is that the price of Brent crude oil is likely to influence retail fuel prices in France
but is not influenced by consumer search activity in that country. In other words, the price
of Brent crude oil is treated as an exogenous supply shifter. This choice of instrument is
similar to that in Lewis and Marvel (2011), who use a measure of the wholesale price of
gasoline.®

Table 1 presents IV estimation results of Eq. (1) for the number of website visits and
time spent per visit. For both dependent variables, we estimate two models, one using the
cross-sectional standard deviation o, as a measure of price dispersion, and the other one
using the average of the localised (postcode) dispersion measures ap*,. Focusing first on the

number of visits, the positive sign on o, (and O';) suggests that as price dispersion increases
1

the number of visits to the website increases. Byrne and de Roos (2017) also find a qualita-
tively similar result, but only after allowing for the presence of price-cycle related dummy
variables. Furthermore, while contemporaneous price changes do not appear to influence
the number of visits to the website, there are several coefficients on past price changes
which are positive and statistically different from zero. We obtain qualitatively similar
results when using time per visit as the dependent variable. Lastly, further instrumenting

o, and a]f with their past values yield qualitatively similar estimates (these results are not

reported here but are available upon request).

The previous findings are in line with Marvel (1976) observation that when firms
decide to set a new price, they take into account the unanticipated responses of their
current and potential clientele. Providers in a given area play a game of attractions and
defections of customers. As indicated above, information costs of searching can be rela-
tively low, i.e., the second-order effect, for current clients who are very skilful in

4 We use SIC as it keeps the number of parameters to be estimated at a reasonable level. We also experi-
mented with longer lags as chosen by the Akaike information criterion (AIC) and the results were largely
the same, except that we observed (perhaps not surprisingly) larger standard errors due to multicollinearity
among past prices.

5 A more natural approach to finding causal effects would be to estimate a difference-in-differences model
before and after introducing legislation mandating that all stations of minimum size must publicly report all
price changes. However, data availability before the exogenous policy shock of transparency in the market
prevents us from following this modelling approach.

® In contrast, empirical papers, inter alia Marvel (1976), Kaplan and Menzio (2015), investigating the influ-
ence from search to prices typically do not draw on the information of consumer search behaviour, but
rather use variables influencing costs or benefits of search that are exogenous to firms’ price decisions.
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Table 1 IV estimates of the

. .. Number of visits Time per visit
determinants of search activity
Model 1 Model 2 Model 1 Model 2
Ap, —0.230 —0.149 0.035 0.043
(0.124) (0.156) (0.053) (0.052)
Ap,_, 0.205 0.178 0.038 0.034
(0.109) (0.125) (0.029) (0.029)
Ap,_, 0.110%* 0.097** 0.032%* 0.033**
(0.028) (0.024) (0.010) (0.010)
Ap,_3 0.070%* 0.057* 0.011 0.011
(0.022) (0.023) (0.011) (0.011)
Ap,_4 0.045 0.045 0.041%* 0.043%**
(0.024) (0.025) (0.011) (0.011)
Ap,_s 0.066%* 0.129%* —0.005 —0.002
(0.024) (0.027) (0.010) (0.010)
Ap,_s 0.076%* 0.035%* 0.036%*
(0.026) (0.012) (0.012)
Ap,_, 0.081* —0.000 0.000
(0.032) (0.009) (0.009)
Ap,_g 0.037** 0.039%*
(0.010) (0.010)
o), 0.372%* 0.038*
(0.079) (0.018)
o,’;l 0.283* 0.067%*
(0.116) (0.025)
N 904 906 903 903
R? 0.153 0.090 0.255 0.268
F-test 9.100 8.280 21.580 19.890
p-Value [0.000] [0.000] [0.000] [0.000]

The coefficients on the intercept and indicator variables that account
for day-of-week, season and holiday effects are not reported to save
space. Newey and West (1987) HAC standard errors in parentheses.
F-test tests the hypothesis that all estimated coefficients (except the
intercept) are jointly equal to zero

* and ** denote statistical significance at the 5 and 1% significance
levels, respectively

browsing the web. In these instances, a change in the price of their provider will almost
instantaneously increase searching. The same may happen to other firms’ customers
who are also good at searching for prices on the government website. Both price disper-
sion and price variability play a role in inducing search by current and potential custom-
ers. Indeed, the effect on the search process will probably be more important when cur-
rent clients have observed substantial price dispersion over a day in the past from their
usual providers and vice versa. Our finding of positive and statistically significant coef-

ficients on o, and o-p provide evidence in favour of this view. In addition, searching by
the current clientele will very likely increase when the provider has changed its prices

over time most frequently, i.e., high price variability. In our results, we find support for
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this behaviour through the positive and statistically significant effect of at least three of
the coefficients associated with the Ap,_,.”

4 Concluding remarks

This paper investigates the determinants of consumer search using two novel measures of
search intensity, namely the number of visitors to the respective website and the time spent
there. Other work in the area of consumer search has already studied the first measure but
not the second one. We find that lagged price changes and price dispersion have a posi-
tive effect on both types of search. Improved transparency and reduced search costs have
been the factors behind the French government mandating the posting of all station-level
fuel price changes on a government website. This policy puts in place an important effect.
Indeed, to the extent that market power is a feature of fuel retail markets, government
efforts in increasing price transparency help reduce price coordination, so that fuel suppli-
ers tend to keep their competitive pressure over rivals.

We hope our findings stimulate further work in different directions. For instance, Chan-
dra and Tappata (2011) report that price dispersion is smaller among stations that are closer
to each other because consumers face lower search costs when comparing prices among
nearby stations. However, in our empirical analysis the measures of consumer search are
nation-wide as they refer to the whole of France, and as such they do not permit us to
identify features associated with specific local markets. Therefore, an interesting avenue of
future research might involve the use of more refined measures of consumer search based
on local-level data.
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