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Lajustement de court terme de la consommation de carburant a des
changements de prix
Des estimations menées a partir de données a haute fréquence

Cette étude s’appuie sur des expériences quasi-naturelles (flambée des cours du pétrole en 2022 et
remises a la pompe consécutives a la guerre en Ukraine) pour inférer la sensibilité aux prix de la
demande de carburant. La granularité des données bancaires, disponibles a une fréquence
transactionnelle, permet de bien séparer les effets liés aux anticipations de 1’effet-prix. Apres avoir
controlé des anticipations, nous obtenons une élasticité-prix comprise entre -0.4 et -0.21. L’élasticité-
prix moyenne varie sensiblement avec la consommation de carburant, mais elle dépend peu du revenu
ou du type d’habitat. Des simulations contrefactuelles permettent d’estimer les effets budgétaires,
redistributifs et environnementaux des remises a la pompe.

Mots-clés : Demande de carburant ; élasticité-prix ; taxes indirectes ; droits d’accise ; anticipations ;
données de transactions.

How does fuel demand respond to price changes?
Quasi-experimental evidence based on high-frequency data

This article exploits quasi-natural experiments provided by both the 2022 crude oil price surge
consecutive to the Russo-Ukrainian war and fuel excise tax cuts in France to infer the price sensitivity
of fuel demand. The granularity of bank account data available at the transaction level permits to shed
new insights on how to properly disentangle anticipation effects from price effects. After controlling
for anticipatory behavior, we obtain a price-elasticity comprised between -0.4 and -0.21. The average
elasticity exhibits sizeable dispersion with respect to fuel spending, but varies little with income and
location. Counterfactual simulations enable us to assess both financial and distributive impacts of the
tax policy at stake as well as its effect on CO2 emissions.

Keywords: Fuel demand; price elasticity; excise tax changes; anticipatory behavior; transaction-level
data.
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1 Introduction

Due to the crude oil price surge consecutive to the Russian attempt of invading Ukraine
and the 2022 energy crisis, the budget constraint of many households may have become
tighter, and close to binding -especially for those living in rural areas and those who are
unable to adjust their fuel consumption due to the absence of any alternate transportation.
The short-term price-elasticity is a key parameter of fuel demand that governs how house-
holds undergo such a price variation: the policy-maker may therefore be willing to dispose
of credible estimates of this sufficient statistics, as well as of its heterogeneity. A huge
empirical literature devoted to that issue has already spent time explaining that several
requirements must yet be fulfilled in order to provide such estimates. First, the econome-
trician should rely on exogenous price shocks when inferring the price sensitivity. Second,
she must dispose of granular data in order to track consumer response over time. Third,
she has to disentangle anticipation effects from price effects, based on the assumption, say,
that the former affect the sole timing of purchases, while total consumption depends on

the latter only.

In this paper, we rely on a bunch of recent quasi-natural experiments: the oil price
surge consecutive to the Russian invasion of Ukraine, and tax policies designed to temper
that inflation. Indeed, in several European countries including Germany and France, gov-
ernments decided to directly subsidize fuel at the pump, which is formally equivalent to
excise tax cuts. Those price shocks provide us with an appropriate source of identifying
variability, and we exploit those exogenous price variations in order to infer the price sen-
sitivity of fuel demand. Our empirical analysis is based on high-frequency data, namely
transaction-level data issued from bank accounts, which includes timestamped operations
at the individual level from September 2021 to January 2023. We show that disposing of
daily data enables us to finely disentangle anticipation effects from the pure price effect
-a long-lasting concern for applied econometricians. Such data enables us to first visual-
ize then neutralize (very) short-run (i.e. daily) anticipation effects, and we thus propose
an econometric approach that correctly separates anticipation effects from the sole price
effect. Levin et al. (2017) have already pointed out that low-frequency data suffered from
such an aggregation bias due to three distinct reasons: (i) a common price coefficient is
imposed while price sensitivities might be heterogeneous, say, at some spatial unit (city)

level; (ii) less granular datasets do not allow to include appropriate space or time fixed



effects viewed as unobserved components which permit to remove any supply-driven varia-
tion induced by fluctuations in price over time, for instance; (iii) aggregation might induce
some correlation between average prices and the error term, e.g. when correlation between
prices and demand shocks on other days, or in other cities, can cause prices and errors in
the aggregated panel data to be correlated.

Taking further advantage of our individual data, we then investigate whether the price
elasticity displays some heterogeneity across income and location, two possibly relevant
dimensions of a compensatory tax-and-transfer scheme. Our findings concur to that av-
erage price elasticity, which lies in the [-0.4,-0.21] interval, exhibiting sizeable dispersion
with respect to fuel spending, but varying little with income and location. Note yet that
responses to a same price change can be quite heterogeneous, in nominal terms, along those
dimensions, due to different initial levels of fuel spending. More strikingly, we find size-
able dispersion of the price sensitivity with respect to (past) fuel spending: the elasticity
markedly decreases with fuel spending, in absolute. Our results therefore help improve the
targeting of compensatory transfer schemes combined with Pigouvian taxes. More broadly,
they provide a finer knowledge of fuel spending determinants that is useful to reduce the
prediction problem mentioned by Sallee (2019), ideally lowering the number of losers in
a Pigouvian-based tax-and-transfer scheme.! Last, we perform counterfactual simulations
to quantify both financial and distributive impacts of the excise tax policy at stake; our
estimates suggest that the average effect per household amounts to saving between €51
and €81 (from 0.15% to 0.24% of income). We find that alleviating the tax burden has
relatively less favored low-income individuals, in nominal terms, since high-income indi-
viduals benefited most from those excise tax cuts; when expressed as a fraction of income,
this gain nevertheless decreases with income, the effective tax rate being diminished by up
to 0.26pp at the lower end of that distribution (against 0.09pp only at the top). Finally,
the effect of the policy on CO4 emissions is comprised between 40.24% and +0.46%.

Literature A vast empirical literature, surveyed for instance in Dahl and Sterner (1991)
and Espey (1998), has been devoted to measuring the short-run price elasticity of fuel

demand. The latter may differ from the long-run price elasticity since it takes time for

In another but somehow related vein, we wonder whether consumers identically respond to either
upward or downward price variations. To that goal, we also infer the price elasticity based on the end of
excise tax cuts occurring on January 1st, 2023, and which resulted in a corresponding price increase. We
find no evidence of any asymmetry, which is in line with Kilian (2022).



consumers to adjust their response, by shifting to another transportation for instance. Yet
those studies have so far relied mostly on disaggregated data, hence facing two fundamental
problems.

The first issue is endogeneity arising due to simultaneity: in a demand equation, the
price is concomitantly determined by the supply side as a function of the quantity pur-
chased. This simultaneity bias results in OLS suffering from an attenuation bias. The
typical solution invoked by the literature consists in finding instruments in order to fix
that problem. Such instuments include the West Texas Intermediate (WTI) crude oil spot
price, the price of the brent, the average price in the market considered, some tax change
-and more generally, any predictor of price like a cost shifter that is as unrelated as possible
with demand usage. This solution may nevertheless overestimate the price sensitivity of
fuel spending, due to tax aversion for instance.

The second empirical issue that complicates the estimation of demand is anticipatory
behavior. When consumers expect price reductions, they may strategically delay their
purchases: intertemporal substitution arises possibly through dips (resp. spikes) when
future prices are expected to be lower (resp. higher), which invalidates previous approaches.
The current quantity then depends not only on current prices, but also on future prices,
which violates usual exclusion restrictions at play in both OLS and I'V estimation methods:
contemporaneous changes in fuel purchases may be larger than expected, and even IV
estimates overstate the price sensitivity of demand. A typical solution to deal with this
problem consists in introducing leads and lags as in Coglianese et al. (2017), or, more
recently, in Kilian (2022); yet this approach relies on parametric assumptions as regards
the dependence of expectations with respect to future and past prices. We build upon
that literature concerned with anticipations thanks to both high-frequency data and an

appropriate econometric methodology.

A few recent studies have resorted to high-frequency data in order to estimate the
price sensitivity of fuel spending, hereby trying to quantify the aggregation bias inherent
to less granular datasets (as we do), including Levin et al. (2017) and Knittel and Tanaka
(2021); the latter disentangle extensive from intensive margins, i.e. driving behavior from
travelling distance. We improve upon their methodology by relying on an exogenous source
of price variations, namely the 2022 oil crisis partly consecutive to the Russian invasion of

Ukraine and corresponding policy responses in France, namely two temporary, successive



excise tax cuts starting on April 1st and September 1st, and lasting until the end of 2022.
From that viewpoint, the closest paper to ours is Gelman et al. (2022), who also exploit a
dataset issued from banking accounts and rely on large unexpected shocks (about -50% in
6 months). They mostly examine cross-price effects with other spending than fuel, though.
Another empirical difference lies in their analysis being based on large, but continuous
price changes, while we rely on sharp, sudden variations arising at publicly known dates.
We therefore view our identification strategy as complementary to theirs; on top of that,

we adopt an econometric specification that controls for anticipatory behavior.

The rest of the paper is organized as follows. Section 2 presents our data and the
institutional background. To illustrate how anticipation effects can be disentangled from
price effects, a toy model is exposed in Section 3. The empirical analysis from Section 4
includes our identification strategy as well as our econometric specification. Section 5
contains our results and an investigation of the heterogeneity of the price elasticity; it also
includes counterfactual simulations to quantify both financial and distributive impacts of

the tax policy, as well as its effect on CO4 emissions. Section 6 concludes.

2 Data and context

In this section, we present our de-identified bank account data. Our database is issued
from the Crédit Mutuel Alliance Fédérale, a French group of banks with about 30 million
customers. The construction of key variables follows a recent strand of literature exploiting
such data including, e.g., Baker (2018), Ganong and Noel (2019) and Andersen et al.
(2023). We dispose of transaction-level data on credit and debit card payments,? paper
checks, cash withdrawals, cash deposits, bank transfers, and direct debits. We observe the
amount of each transaction, in euros; such information is timestamped, hence available
at a high frequency. We nevertheless base our analysis on a daily aggregation. On top
of that, balance sheets are available each month. The statistical unit of observation is a
household; the data contains various socio-demographics on households’ members like age,

sex, département,® family status, occupation, and the type of location (in 3 categories:

2In France, the use of credit cards is scarce: it accounts for less than 10% of bank cards.

3an administrative division like, e.g., the county in the U.S. Mainland France, i.e. France at the exclusion
of Corsica and overseas, is divided into 94 départements. Metropolitan France includes the two Corsican
départements.



urban, rural, and semiurban areas).

We define total spending as the sum of outgoing transactions issued by debit card. We
measure disposable income as the sum of monthly incoming transfers, up to a €40,000
threshold. Liquid assets are proxied by the sum of balances on different bank accounts
(deposit account and savings accounts), and provide us with a measure of liquid wealth.
Illiquid assets are equal to the sum of balances on life insurance, stocks, bonds, mutual
funds and certificates of deposits. In France, banks are not in charge of retirement savings

plans.

Working sample Our estimation period runs from September 2021 to January 2023.
Our initial raw data is a sample of about 300,000 households who primarily bank at Crédit
Mutuel-Alliance Fédérale, this sample being stratified by départements of metropolitan
France and by 5-year age dummies. To alleviate concerns about representativeness, we
proceed to calibration weighting using the method proposed by Deville and Sarndal (1992)
(see Appendix D for details), and weight our estimating equations using calibration weights.
We further restrict our attention to households with the same number of adults (aged at
least 18) over the period. We focus on customers who spend at least €150 during three
rolling months, either by card or in cash. Moreover, we impose that customers be present
and meet previous criteria all over the period, which leaves us with about 182,000 active

customers primarily banking at Crédit Mutuel-Alliance Fédérale.

Fuel spending Our bank account data provide the Merchant Category Code (MCC)
classification. Based on that taxonomy, we consider that spending categorized with codes
5541 and 5542 corresponds to fuel spending as Andersen et al. (2023) and Gelman et al.
(2022) do. Figure 1 displays the distribution of the amount of a transaction, in euros,
which is a mixture of a continuous distribution, the mode of which lies nearly 55 euros,
and of a discrete distribution over round numbers, typically 30, 20, 50 or 40 euros, as
well as other multiples of 5 euros. Figure 2 shows further that the typical interpurchase
duration, i.e. the time interval between two visits at the pump, is 7 days. We then adjust
fuel spending for seasonal variations based on card transaction data provided at the daily
level by the Groupement des Cartes Bancaires CB (GIE CB), the leading domestic card

and mobile payment system in France, that brings together around 130 bankings or similar



4 To that aim, we divide observed fuel

institutions offering payment services in France.
spending by the 2019 ratio of daily fuel spending over average fuel spending, based on that
external database.” Last, we obtain fuel quantity, in liters, as the ratio of that adjusted

fuel spending over the fuel price index; we now explain how we compute the latter.

Prices Timestamped and geolocated fuel prices are disclosed at the gas station level by
a French governmental website.” Such data has already been used by researchers: see, e.g.,
Montag et al. (2021) or Gautier et al. (2022). It contains information on each and any
price change for different kinds of fuel (diesel and different types of gasoline: super unleaded
petrol (SP95), super unleaded petrol (SP95-E10), super unleaded petrol (SP98), etc.). In
the subsequent analysis, we focus on two types of fuel: diesel and standard gasoline, which
we confound with SP95-E10, given that the latter exhibits similar variations over time as
both SP95 and SP98. On top of that, the data provides with an identifier and the location

of each retailer.

As detailed in Appendix A of Gautier et al. (2022), the first step consists in mapping
raw data to a daily panel dataset at the (retailer, type of gasoline) level. Since different
price changes may occur within the same day, we consider the price that prevails at 5pm
as Montag et al. (2021) do. In a second step, we remove inactive stations, which we define
as stations that have not experienced any price change since at least 30 days, following
Gautier et al. (2022). We then trim outliers by deleting top and bottom 1% of price
observations for each (département, type of fuel, day). Admittedly, transaction prices are
measured with error: we ignore the exact location of purchase, hence we approximate them

with their daily average in the département.

As another limitation of our data, we lack information about the type of fuel actually
purchased, diesel or gasoline, which is yet unimportant provided that those prices similarly

covary. Empirically, those prices are very correlated: the corresponding Pearson coefficient

“In the DinD exposed in section 4.1, such an adjustment is not necessary. See also section D.1.

SWe also exclude October 2022, due to strikes in refineries, which were responsible for rationing in many
localities.

8Cross-border purchases, which result from trade-offs that involve, in particular, the distance to the
frontier and the ratio of foreign over domestic prices, are excluded from the current analysis. More precisely,
we exclude individuals living next to a border, which we identify in the data as soon as they purchase some
fuel abroad -holidays aside. Foreign transactions occurring during holidays are also removed from the
subsequent analysis.

"https://www.prix-carburants.gouv.fr/rubrique/opendata/.
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is 0.9 over the whole period of observation, even though diesel and gasoline prices sometimes
experience different short-run variations due to specific conditions affecting the oil market,
for instance. We therefore build a fuel price index that weighs diesel and gasoline prices
differently within a département according to strata based on observed households’ charac-
teristics. According to the French survey Enquéte Mobilité,® these characteristics (income,
in four groups, the type of location (urban, rural, semiurban), age group (less than 30,
30-60, more than 60), and 2019 fuel spending, in four groups) are good predictors of the
type of fuel purchased. From this survey, we impute the corresponding weight of diesel in

the fuel mix in each stratum defined by the Cartesian product of those characteristics.

Context: War in Ukraine, energy crisis, and policy responses (temporary ex-
cise tax cuts) Fuel prices have experienced substantial variations from 2019 to 2023,
especially in 2022, for instance due to an oil price surge consecutive to the Russian invasion
of Ukraine starting on 02-24-2022. The world then faced a pervasive oil crisis: for the first
time since the Great Recession, the price of a barrel exceeded the symbolic $120 threshold,
in nominal terms. In France, the government decided to intervene by directly subsidizing
prices at the pump. On 03-12-2022, Prime Minister Castex made an official announce-
ment to explain that the before-tax gasoline price would be diminished by 0.15€ per liter
from April 1st onwards (about 0.18€ per liter including VAT, with some minor geographic
variations due to département-specific VAT rates), see Figure 3. While this first public
intervention was bound to last until the end of Summer 2022, the Parliament decided to
extend it to the beginning of October, consecutive to the energy crisis. As announced by
Prime Minister Borne at the end of July 2022, a 0.3€ discount per liter has then been ef-
fective on the after-tax price from 09-01-2022 onwards, i.e. an extra 0.12€ subsidy for each
liter purchased. This second price reduction has prevailed until mid-November 2022 when
that discount has been reduced to 0.1€ per liter, before its complete removal on January
1st, 2023. Meanwhile, the leading French oil company, TotalEnergies, proposed an extra
0.20€ promotion for each liter purchased in its gas stations, effectively lowering transaction
prices by 0.50€ per liter from 09-01-2022 to mid-November (and still offering an extra 0.1€
discount per liter from that time onwards). All those reductions disappeared at the end

of 2022. Note also that before the implementation of those substantial price cuts, which

8Detailed results of this survey are available online at https://www.statistiques.
developpementdurable.gouv.fr/resultats-detailles-de-lenquete-mobilite-despersonnes-de-2019.
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all aimed at mitigating the rise in crude oil prices, prices were already increasing at a high

pace, even before the Russian invasion of Ukraine.

In what follows, we focus on the time period ranging from September 2021 to Jan-
uary 2023, and we rely on policy-driven fuel price reductions as the primary source of
identifying variability in order to causally infer price effects. We view the two public inter-
ventions described above as quasi-natural experiments, which provide us with exogenous
price changes. In France, per unit excise taxes represent about 60% of fuel prices. When
announcing a direct discount at the pump, the French government in fact and equivalently
proposed to offer a discount on those taxes. These public policies were publicly disclosed,
hence salient to consumers. Figure 3 suggests that the evolution of fuel demand at the time
of announcement is consistent with anticipatory behavior by forward-looking consumers:
people strategically refrain from buying and wait for lower future prices once they are aware
of lower prices in the future. Figure 25 in Online Appendix further confirms the salience
of that intervention, and indicates that consumers mostly adapted to the policy by buy-
ing less before price reductions (hence adjusting at the intensive margin), rather than by
visiting gas stations less often (the number of transactions being a proxy for the extensive
margin). This anticipatory behavior however renders the identification more subtle, and
requires to properly disentangle short-term intertemporal substitution from the true price
effect.

3 Theoretical framework

To illustrate how the price effect can be disentangled from anticipation effects in a dynamic
setting, we resort to a simple conceptual framework, namely a stylized inventory model of
fuel stockpiling behavior. We then explain how this setting can be meaningful for empirical

analysis, especially as regards identification.

3.1 A stylized inventory model of fuel stockpiling behavior

Let a representative agent maximize her intertemporal utility with respect to her fuel con-
sumption ¢, subject to intertemporal budget constraint and to the law of motion of fuel

inventory i.” Given that the period considered in our empirical application below is typi-

9The model is a simplified version of typical inventory models used, e.g., by Hendel and Nevo (2006).

10



cally a day or a week, it is reasonable to assume no depreciation of fuel (when stockpiled),
a discount factor equal to one, and a zero interest rate. Denoting the instantaneous utility
derived from consumption by u(.), fuel purchases by g, fuel prices by p, permanent income

by Y, and storage costs by C(.),!° the agent solves:

T

max ) [u(er) = O(i)] st Y pa <Y (1)
7 t=0

1w <1+ q —c (2)

Under the assumption of no fuel waste, the law of motion of fuel inventory binds at all

periods:

T T
maxz Z pecr + pe(ie — i—1)] <Y (3)
t=0 t=0

In the optimum, the intertemporal budget constraint binds, the Euler equation holds, and

fuel inventory is ruled by:

C'(it) = Mpe+1 — pr) (4)
The latter equation makes it clear that stockpiling behavior is governed by the expected
change in prices. Parametrizing C(i;) = 07 with 6 > 0 leads to:
. DPi+1 — Dt
=\ 5
1t 20 9 ( )

and considering further a quadratic utility function of the form u(c;) = ¢;—ac?, with a > 0,

yields a linear demand:'!
1— /\pt

200

The model therefore predicts that observed purchases are given by:

Ct =

(6)

DPi1+ D1 — 2py 1 I 1 A A
g =ct + 50 o <2a + g | et oDt 5P (7)

0Taking the tank’s capacity into account in the model is then possible, for instance by considering the
limit case when those costs become infinite (see also the discussion below).
HMarshall’s second law of demand is verified: the price-elasticity decreases with consumption, in

. Olog(et) _ Ape 1
absolute: Flog(pt) — 1—xp; — 2acs

11



hence a specification such that:

qt = qo + Bpt + Yt maX<]lpz—17éptv 1pt+1¢pt) (8)

where g = —ﬁ. On top of the price effect, anticipation effects v = )\(pt“_pt);e(pt_pt_l),

which are non-zero as soon as prices fluctuate, alter current consumption. This specification

provides a micro-foundation for the toy econometric model exposed below in section 3.2
as well as for our estimating equation (10). Note that anticipation effects increase with
storability: they vanish (resp. are exacerbated) when 6 tends to +oo (resp. 0), that is,
when storage is impossible (resp. not costly) -when the good is perishable or when the

tank is full, for instance.'?

That observed purchases depend on lags and leads of prices on top of current prices, as
in the right-hand side of (7), is reminiscent of Coglianese et al. (2017). Though stylized,
this conceptual framework thus rationalizes any reduced-form approach like theirs that

involves a regression of purchases on past, current, and future prices when aiming to

recover the price-elasticity.' It is also immediate to check that the price effect 5 = —ﬁ =
-2 ( i + %) + 2—’\0 + % can be retrieved from the sum of coefficients related to current, past,

and future prices, which helps explain why Coglianese et al. (2017) intuitively proceed as

such.

3.2 Implications for identification

Previous insights shed light on the identification of both price and anticipation effects. To
illustrate, we now present a toy econometric model derived from previous specification,
which empirically permits to disentangle anticipatory behavior from price-sensitivity. Em-
pirically, the model relates to a single, expected price reduction as the one experienced
around September 1st, 2022. In the same vein, Appendix C.2 provides with another model
that is more relevant in the case of an expected'? price surge followed by some anticipated

price reduction of the same magnitude, as was the case in March-April 2022.

12Note also that those anticipation effects 7; are shaped here by parametric assumptions made in the
inventory model, contrary to what prevails in our agnostic approach below where these coefficients are not
subject to such restrictions.

131t is straightforward to see from equation (5) that inventory behavior acts as the theoretical driver of
such an empirical approach.

41n the very short-run, at least.
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A simplified version of the second excise tax cut, i.e. the policy-driven price change of
September 1st, 2022, is described by Figure 4a. We consider a 4-period model whereby
periods are indexed by & = 1,...,4. In the first two periods, prices are assumed to be
constant, and equal to their regular level: pp = p, Vk = 1,2. Consecutive to governmental
intervention, prices fall to pp = p — Ap, Vk = 3,4, where Ap > 0 is the amount of
the excise tax cut. By definition, periods 1 and 4 are immune of any anticipation effect,
such that consumption is driven by pure price motives during those periods. In contrast,
anticipation effects are at stake in periods 2 and 3 (the anticipation window hereafter):
consumers strategically refrain from buying in period 2, but eventually buy in period 3
what they did not buy in period 2. Put differently, part of consumption is postponed from
period 2 to period 3 in order to enjoy the discount -but not to period 4, by assumption:
anticipation effects affect the timing of purchase only, while prices determine the amount of
fuel purchased over the whole episode. We also emphasize that consumers cannot postpone
sine die due, e.g., to tank capacity: in practice, periods 2 and 3 may last one or two weeks

(see the discussion on the empirical duration of the anticipation window in section 4.2).

To ease exposure, we assume further that the researcher observes prices and purchases
at the aggregate level here, but the reasoning is similar when based on micro data. Due to

previous considerations, she seeks to estimate the following linear model:

qt = qo + Bpt + voli—2 + v3li—3 + uy, 9)

based on four moment conditions: E(u) = 0, E(pu) = 0 on top of ug = us = 0. To make an

explicit link with previous subsection, the inventory model would impose supplementary

constraints: v = —)\% < 0and 3 = )\é—g > 0, and would then predict that i1 = i3 =14 =
0,19 = —)\%, hence that g2 = ¢; —)\% <qgr=c<qu=c4<qz= C4+)\%. Consistently
with the econometric model at stake, v = go —co = —)\% =q2—q1,Y73=q3—C3 = )\% =

g3 — qa, thus v2 + v3 = 0 (cf. constrained estimator below).

Among the four parameters (qo, 3,72,73), she is primarily interested in the marginal
effect of prices. Consistently with observation, she expects that ¢o < ¢1 < q1 < ¢3: it
must be that g1 < ¢4 as a result of lower prices, i.e. p — Ap = ps < p1 = p. One should
have ¢ < g1 due to strategic delay of purchases on period 2, i.e. before the price reduction;

it then follows that g3 > q4 since people who refrained from buying at higher prices should

13



now buy at lower prices.

A naive approach issued from an OLS estimation that would omit to nonparametrically
control for anticipation effects in periods 2 and 3, de facto imposing that v9 = 3 =

0, would yield: A" = (01+q2)/ 2A_IfQ3+q4)/ 2 (see Appendix C.1.3 for further details). By

definition, that estimator does not permit to separate anticipation effects'® from the pure

price effect, which results in spuriously relying on (g2, ¢3) to infer the marginal effect
of price. Controlling now for what happens during the anticipation window, which is
centered around the moment when prices fall, yields the unconstrained estimator: B" =
ﬁ = % (cf. Appendix C.1.1), which recovers the desired price effect net of any
strategic effect. Anticipation effects are 45 = g2 —¢1 < 0 and 4§ = ¢3 —q4 > 0. By
construction, this procedure dismisses any contribution from periods 2 and 3, which entails
a loss of information. Our proposed estimation procedure consists rather in imposing the
constraint that vo + v3 = 0, i.e. in assuming that anticipation effects sum up to zero all
over the anticipation window.!® Put differently, our identifying assumption posits that
individuals may refrain from buying fuel in period 2 for pure intertemporal substitution
motives, because they wait for lower prices, but that they will eventually buy an excess
quantity in period 3 that exactly corresponds to default quantity from period 2. Though
equal to the unconstrained estimator (cf. Appendix C.1.2), the constrained estimator Bc
being independent from (g2, ¢3) results from both the specific price process considered here
and the symmetry of the episode with respect to the moment when prices fall. By contrast,
the unconstrained estimator 3% is generally independent from (g2, q3). Empirically, small
price variations during that anticipation window may be exploited for inference -contrary

to what would happen without imposing that constraint.

Though simplified, this conceptual framework closely resembles the situation that pre-
vails as regards the second excise tax cut implemented on September 1st. Equipped with
the above toy model, observed prices and purchases, and adjusting 2022 data for season-
ality based on 2021 observations as in the DinD strategy from section 4.1 below (see Ap-
pendix C.3), we obtain an elasticity of —0.38 in the absence of any constraint on 9 and ~s,
therefore relying on the unconstrained estimator. The constrained estimator amounts

to —0.4 under the constraint that anticipation effects exactly compensate over the antic-

15Those effects are negative when k = 2 and positive when k = 3.
6Hence the empirical test of Ho : g1 + g4 = g2 + ¢3, given the above price process. Under that assump-

tion, 45 = (q2—q1)42-(q4—113) <0.
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ipation window, 2 + v3 = 0. The naive estimator is —0.73 when v, = 0, Vk = 2,3, i.e.
when anticipations act as a confounder. Those figures turn out to be close to econometric
point estimates (see below), and already give a flavor of the magnitude of the anticipation
bias, namely (—0.73) — (—0.4) ~ —0.33. Any difference with the actual econometric esti-
mation lies in that the model (i) does not account for covariations of prices and quantities
within each period, and (ii) slightly departs from observation since, empirically, prices do

not behave exactly as in the theoretical setting considered here.

To sum up, the main insights of the toy model are the following: (i) anticipations bias
the naive estimator downwards; (ii) the constrained estimator should not differ much from
the unconstrained estimator, when the latter is feasible; (iii) the former is more precise,

which especially matters when the latter is empirically uninformative.

4 Empirical analysis

In that section, we explain how observed variations in prices over time within our observa-
tion period can be exploited to infer the price sensitivity of fuel demand. In particular, we

17 combined with two

rely on substantial price changes, including various price increases,
downwards, policy-driven price changes: the 0.18€ per liter excise tax cut from April 1st,
2022, and the extra 0.12€ per liter reduction on after-tax prices from September 1st, 2022.
We show that these sharp price variations provide us with valuable information, which en-
ables us to recover the shape of the demand function based on our high-frequency dataset.
The identifiying variability stems from sharp price changes viewed as quasi-natural exper-
iments. Our empirical methodology consists in disentangling anticipation effects from the

aversion to prices.

4.1 Identification strategy

Our approach is inspired by the event study literature and exploits the second public
intervention, the extra €0.12 per liter excise tax cut, from September 1st, 2022 as a quasi-
natural experiment. A simple comparison of fuel purchases before and after the tax cut

would yet be misleading due to seasonality of fuel spending; however, under the assumption

7about +50% from September 2021 to the end of February 2022, +30% during the two weeks following
the declaration of Ukrainian war, +20% in May-June 2022, +€0.2 per liter from mid-November 2022, and
+€0.1 per liter from January 1st, 2023 onwards.
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that the pattern of fuel purchases would have been the same in August-September 2022 as
in August-September 2021, it is then legitimate to proceed to such a comparison. Formally,
this seasonal adjustment is analogous to a DinD design, whereby the ”treatment group”
would be any household in 2022 (the treatment being the exogenous tax cut) and the
”control group” the same household observed exactly one year before. Figure 5 makes it
clear that our empirical setting looks close to previous theoretical model. Identification
mostly rests on prices falling sharply on September 1st, 2022 but also, to a minor extent,
on their pattern not being as flat as in 2021. The reason why we cannot resort to a similar
identification strategy as regards the first public intervention in April 2022 is that we lack

a credible comparison year, due to partial lockdown occurring in April 2021.'8

To address potential concerns about measurement error and simultaneity bias, we also
resort to an IV strategy based on a post-9/1 dummy (indicating whether the discount at
the pump is effective or not) as an instrument for prices. This approach further enables us
to compare what one would obtain when relying on sharp tax-based price changes as the
sole source of variability, as opposed to other smaller price fluctuations, on top of tempering

any endogeneity concern.

We control for anticipation effects as well as for their consequences once the event, i.e.
the price reduction, has realized. Former empirical studies on fuel demand have proposed
parametric solutions to deal with anticipation effects: see, e.g., Coglianese et al. (2017)
who resort to price lags and leads based on monthly-level data. We resort here to a
nonparametric approach, which makes full use of our high-frequency dataset. We hence
rely on the covariation of prices and purchases, net of anticipation effects: intertemporal
substitution effects act as a nuisance factor in the estimation of the price sensitivity of
demand. As a result, we control for daily effects during the anticipation window which is
centered around the event. Consistently with theoretical arguments exposed previously, we
impose that those effects sum to zero: our identifying assumption is that very short-term
(i.e. daily) variations in fuel purchases around the event correspond to pure intertemporal

substitution, but do not impact the total quantity purchased within that time window.'?

8 April 2020 is not possible either due to strict lockdown. April 2019 could have been a relevant compar-
ison year; unfortunately, the information about the MCC has been available in the data since September
2019 only.

9Tn a wording borrowed from the bunching literature, there is no excess mass after event, once pre-event
default mass has been netted out.
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Equipped with those zero-sum, daily dummies designed to neutralize anticipatory behavior,

it is then possible to recover the sole price effect, which we are primarily interested in.

Our identification relies on the assumption that, in the absence of the tax cut, fuel
purchases would have exhibited similar patterns over time in 2021 and in 2022. Figure 7
depicts the corresponding difference, and suggests that this hypothesis has some empirical
relevance: previous assumption cannot be rejected on the basis of the data looking at what
happens before September 1st. When testing for the existence of any significant difference
in the pattern of fuel purchases over time, short-run anticipations should be left aside: as
already explained, it is largely expected that a policy-induced dip be observed within a one-
or two-week anticipation window, followed by a spike at the beginning of the post-event
era. As a robustness check, we resort to the year 2019 as an alternate comparison year.?"

Replicating the same exercise with that other control year yields to similar conclusions.

4.2 Econometric specification

We first aggregate our data into 10,777 cells of individuals in the same département, income
group (in four intervals), age group (less than 30, 30-60, more than 60), type of location
(rural, urban, or semiurban), and 2019 fuel spending category (in four intervals). Our
estimations are then weighted according to the sampling importance of those cells. Though
this mild choice substantially reduces the computational burden inherent to dealing with
high-frequency individual data, it does not reduce our identifying power, since diesel and
gasoline prices are measured at département x day level. It is yet worth noting that our
fuel price index does vary within a département due to the cell-specific fuel mix. Besides,
our estimations include cell-specific fixed effects in order to take the heterogeneity of fuel

spending across cells into account.

We then distinguish calendar time ¢, measured at the daily level, from year y =
2021, 2022. We restrict our sample to observations ranging from mid-July to the beginning
of October, both in 2021 and 2022. Our dependent variable, g, is the fuel quantity, in

liters, purchased by individuals belonging to cell ¢ on day t of year y, adjusted for seasonal

2OWe omit to consider year 2020 as a valid control year: fuel spending was severely impacted by the
Covid-19 pandemic and consecutive policy restrictions.
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variations.
to+A

Qety = /chty + Z 'Yhy]lh:t]ly:2022 + Oy + e+ Tcty (10)
h=to—A

where p.; are prices, a.y is a cell-year fixed effect, i is a day-of-the-year fixed-effect (after
adjusting for seasonality, i.e. after adjusting 2021 calendar days so that they be comparable
with those of 2022). to corresponds to the beginning of the second excise tax cut, namely
September 1st. The time interval [ty — A, to + A] therefore designates the anticipation
window around that event, and A is a bandwidth parameter set by the researcher (see
below). To control for anticipation effects, equation (10) is estimated under the constraint

that
to+A

Z Yh,2022 = 0, (11)
A

h=to—

as explained before. The identification of the price effect 3?! hence proceeds from the ratio
of the difference in fuel purchases that are adjacent to the anticipation window over the
difference in corresponding prices, remember the % estimator from section 3. The DinD
basically adjusts the numerator for seasonality by considering 2022 purchases net of 2021
purchases, and given the absence of any (substantial) variation in prices around September
2021 (i.e. in the denominator). Standard errors are computed with two-way clustering by

cell and by year-day.

In practice, the choice of the anticipation bandwidth A may be guided either from
a statistical criterion, or from economical considerations. A reasonable value should be
close to the typical interpurchase duration, about 7 days (remember Figure 2): everything
happens as if people made a regular visit to the gas station the same day of each and
every week. Though consumers are able to manipulate the timing of their visit to the
gas station, especially when they foresee price changes, they are constrained by their tank
capacity. Alternatively, the researcher may resort to the most parsimonious model that fits
the data, and try to minimize the BIC with respect to the parameter A. Including pre- and
post-event daily dummies substantially improves the fit of the model, due to strategic delay
of purchases; hence the benefit of further controlling for those variables exceeds, by far,

the cost from the mere viewpoint of parsimony. To circumvent that issue, we exclude days

dlog(q) __ 9q/0p _

21The price elasticity € is computed at the means from the price coefficient 8 using that olosr) — a/p =

Bg. In practice, we report B%, denoting by X the average of X.
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within the anticipation window when computing the BIC. Figure 26 in Online Appendix
shows that the BIC reaches its minimum when A = 13. On top of that, Figure 8 displays
how the estimated price elasticities vary with A. For small values of A, the estimation
does not properly control for anticipations, mechanically overestimating the reaction to
price changes by incorrectly attributing short-run intertemporal substitution motives to
price sensitivity: this downwards bias results in a -0.46 point estimate. When A increases,
our estimation method better controls for anticipation effects, and sounds fruitful in dis-
entangling strategic delaying of purchase from contemporaneous response to price change.
When A = 7, our favorite estimate for the price elasticity becomes -0.24. Reassuringly,
estimates obtained with higher values for A remain stable, and not significantly different

from -0.24: when A = 15, the price elasticity hardly reaches -0.23, for instance.

Moreover, we verify that our inference primarily stems from the tax cut as the main
identifying variation. To do so, we perform an OLS estimation in the absence of that source
of variability: we further include as a covariate the post-9/1 dummy, which effectively

removes the shock.

4.3 External validity

To mitigate further any concern about identification being too local, we complement pre-
vious approach with a similar econometric estimation based on the whole period of ob-
servation. For the March-April period corresponding to an oil price surge followed by a
compensatory tax cut, we refer the toy model exposed in Appendix C.2. Doing so allows
us to rely on other sources of identifying variability, including the beginning of the Rus-
sian invasion of Ukraine on 02-24-2022 (denoted by t¢), the first public intervention on
04-01-2022 (denoted by t1), the reduction of the temporary tax cut in mid-November 2022
(denoted by t3), and the end of that temporary tax cut at the beginning of 2023 (denoted
by t4). However, we cannot control for seasonality as above, due to the pandemics acting

as a confounding factor. Namely, we specify:

t1+A 4 tp+A
Gt = Bpet + > Wln=t+ > D> Wt + e+ pir + e, (12)
h:to k=2 h:tk—A
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with py = X[ + dt, where § captures any linear trend in fuel purchases and X; account
for temporal controls including day-of-the-week fixed effects?? and holidays.?> To control

for anticipation effects, equation (12) is again estimated under the constraint

t1+A tr+A
Y =0Vk=234 Y Af=0 (13)
h=tg h=t,—A

To assess the plausibility of our estimation method, we allow for anticipation effects
around a fake event that would have occurred in June and July 2022. We therefore estimate
a less parsimonious model which controls for 61 supplementary daily dummies from 06-01-
2022 to 07-31-2022.

5 Results

5.1 Main estimates

Based on equation (10) and the DinD strategy implemented around the second excise tax
cut (September 1st), our preferred estimates of the price elasticity belong to the range [-0.4,-
0.21]. Indeed, Table 1 converts the estimated coefficient Binto a-0.21 (0.07) price elasticity,
obtained with the constrained OLS estimator (Column II). When instrumenting by the
introduction of the tax cut, we obtain a higher estimator (Column V), in absolute: -0.4
(0.08), as would be the case with an attenuation bias due to simultaneity or to measurement
error, for instance. Yet it is not much more imprecise, though the difference between IV
and OLS is statistically significant at 5%.

On top of this admittedly local, but causal empirical evidence, we confront our esti-
mates to those obtained when relying on the whole period ranging from September 2021
to January 2023, based on equation (12). The main lesson from Table 4 is that we find
elasticities which belong to the [-0.38,-0.26] interval, still included in previous range. This
exercise is reassuring from an empirical viewpoint since it somehow assesses the external

validity of our previous approach. Moreover, using dummies for sharp price changes (the

22Daily-level data reveal that fuel purchases exhibit strong within-week variations: tanks are much more
often refilled on Fridays and Saturdays. By definition, such a seasonality cannot be observed based on
low-frequency data.

Zinteracted with the day-of-the-week.
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war, the beginning and the end of tax cuts) as instruments yields very similar results (Ta-
ble 5, Raw 2): this empirical finding suggests that those shocks provide the main effective
source of identifying variation over the whole period.

Estimations based on the sole March-April 2022 period, i.e. the war and the first excise
tax cut, are also in line with previous findings (Table 3). The constrained OLS estimator,
-0.18 (0.06), is not significantly different at 5% from previous constrained OLS estimator,
-0.21 (0.07). However, it is worth mentioning that the period considered here has a short
duration, and mechanically mixes different anticipation effects on top of the price effect.
For this reason, the estimation may look more fragile than the one based on a single price

change, which sounds more immune to such confounders.

Previous estimates fall in the range of existing results in the literature, i.e. from -0.46 to
-0.1 according to Davis and Kilian (2011), depending on the identification strategy chosen.
Instrumental variables implemented on micro data tend to yield a higher sensitivity, while
macro-based time series approaches often point out to a smaller elasticity. On the 1989-
2008 period, in the U.S., Coglianese et al. (2017) obtain a -0.37 point estimate, as Knittel
and Tanaka (2021) do in Japan. Still in the U.S., and according to Levin et al. (2017),
that price elasticity would be comprised between -0.35 and -0.27; Gelman et al. (2022)’s
preferred estimate is -0.2. Based on monthly data at the state level, Kilian (2022) has
recently found a -0.31 price elasticity, up to 2014, and -0.2 since then. To directly compare
our results with those of Davis and Kilian (2011) for whom a $0.1 per gallon tax (i.e. a
3.12% price increase) would induce gasoline demand to fall by 1.43%, we estimate that
a similar price increase (€0.058 per liter) would depress demand by between 0.66% and
1.25%.

The naive approach, which would omit to take anticipations into account by impos-
ing yp 20220 = 0, Vh =ty — A, ... . to + A, is displayed in Columns I and IV of Table 1:
the OLS estimate of the price elasticity, -0.44 (0.07), would then suffer from an expected
downward bias (-0.23), and the same prevails with IV (-0.36). When restricted to the
sole March-April months, the naive estimator amounts to -0.72 (0.16), still suffers from
an anticipation bias, the magnitude of which tends to be higher than before, consistently
with insights from section 3.2 and Appendix C.2. On the whole, our results concur to an

anticipation bias that points downwards and that is comprised between -0.4 and -0.2.

When excluding the anticipation window from our estimation sample, indirectly relax-
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ing our identifying assumption that anticipation effects compensate over that time period,?*
the unconstrained OLS estimator amounts to -0.29 (0.06), see Column III of Table 1, and
the unconstrained IV estimator is -0.37 (0.07), both differences with corresponding con-
strained estimators being not significant at 5% (remember that constrained and uncon-
strained estimators should be close). More strikingly, the unconstrained OLS estimator
based on the sole March-April period amounts to -0.31 (0.24), hence it is very imprecise
for the reason evoked in section 3.2. Its theoretical uninformativeness stems from the fact
that prices experienced a surge and nearly came back to their initial level after the antici-
pation window (remember Figure 6). Excluding that anticipation window should thus lead

to an infeasible estimator: in practice, the standard error dramatically increases.

Note also that the point estimates of naive, constrained and unconstrained estimators
(resp. -0.76, -0.4, and -0.37) in the DinD setting turn out to be close to the ones derived
in the toy model (-0.73, -0.4, and -0.38, see Appendix C.3), given observed prices and
purchases during corresponding periods acting here as sufficient statistics for the inference

of the price elasticity.

To assess the validity of our identification strategy, we include the post-September 1st
dummy as a covariate, i.e. we remove the tax-based price shock as our main source of
identifying variability. Relying on small, short-term covariations of prices and purchases
only, we logically obtain an unplausible estimate of 40.96 (0.38) along with a large standard
error, see Column IV of Table 2. We proceed to a similar test when relying on the whole
period, controlling for as many dummies as sharp price variations at stake (the war, the
beginning and the end of temporary excise tax cuts), hence neutralizing those price shocks.
This exercise makes it clear that much identifying power is lost since the estimation becomes

more imprecise (Table 5, Raw 4).

The importance of anticipation effects can be assessed by looking at Figure 9 which
depicts the 4 coefficients recovered over the whole period. It is confirmed that ignoring
such effects in a demand estimation is highly misleading since those short-run intertemporal

substitution effects substantially shape the pattern of demand, on top of the price effect.

To evaluate whether our model is able to accurately predict fuel purchases, Figure 10

24This is equivalent to nonparametrically control for daily dummies during the anticipation window; it
is almost as if we dismissed the whole information provided by that time interval when inferring the price
effect.
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provides a comparison of predicted with actual demand. The fit of the model estimated

on the whole period looks quite satisfying in this regard.?

5.2 Robustness checks

In that subsection, we proceed to various sensitivity analyses in order to check the ro-
bustness of previous evidence with respect to methodological choices: (i) we change the
comparison year in the DinD, (ii) we estimate an alternative parametric model, (iii) we
consider different subperiods, and (iv) we address a possible concern related to the mea-

surement of prices.

First, the DinD estimation procedure looks rather robust with respect to the choice of
the comparison year. When considering 2019 instead of 2021, we obtain a -0.13 (0.14) point
estimate for the price elasticity, and -0.58 (0.17) in the naive approach. These estimates

are noisier due to a different seasonality of fuel spending in 2019.

Second, we document the sensitivity of our results with respect to the functional form
chosen, namely a quasi-Poisson regression. This parametric assumption is motivated by
our dependent variable taking either null or positive values, on the one hand, and by the
simple interpretation of the price coefficient as the price elasticity, on the other hand.?¢ In

the analogue of the DinD strategy, we consider a model where gciy ~ P(Acty) and specify:

to+A

log()\cty) =é& log(pcty) + Z 'Yhy]lh:t]ly:2022 + ey + pe- (14)
h=ta—A

The estimation proceeds from maximum likelihood, and it is again subject to the con-
straint (11). When we consider the whole period instead, we assume that g ~ P(Act)
with

t1+A t+A
log(Act) = €log(pet) Z Vilh=t + Z Z ViLn—t + ac + pir. (15)
h=to k=2 h=t,—

The estimation also proceeds from maximum likelihood, and it is now subject to the set of

25Putting aside what happens on January 2023 when there were substantial threats of fuel rationing:
France then experienced many refineries blockades that were related to the social movement caused by the

2023 retirement reform.
dlog(Eq) __ dlog(\) _
dlog(p) ~— Olog(p) —

26T that quasi-Poisson regression, one has
the average demand.

€, which refers to the price-elasticity of
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constraints (13). In both cases, standard errors are computed with two-way clustering by
cell and by day.

Empirically, the choice of the functional form sounds rather innocuous: when opting for
the quasi-Poisson regression instead of a linear model, we obtain estimates in Columns I
to III of Table 2 that compare well to the ones in the very same columns of Table 1. Raw 3
of Table 5 provides with the results based on the whole period, which do not differ much
from the baseline (Raw 1). Moreover, the quality of the prediction does not depend much
on the parametric specification adopted: it is rather high regardless of the functional form

chosen, linear or quasi-Poisson (see Figure 27 in Online Appendix).

Third, we estimate our model on different subperiods (Raws 5 to 7 of Table 5): (i) from
January to September 2022, (ii) we remove June and July 2022, two months during which
fuel prices unexpectedly rose at a peaceful rate consecutive to the energy crisis, and (iii)
we combine experiments (i) and (ii), i.e. we rely on January-May as well as on August-
September subperiods only. In the latter case, we have effectively removed much identifying
variation to infer the price sensitivity of demand: standard errors increase dramatically.
If anything, our estimated elasticity tends to be lower, in absolute, when prices change
consecutive to some public intervention. This empirical result does not support behavioral

explanations based on salience effects, for instance.

Fourth, to alleviate any concern about endogeneity of our fuel price index, we replace
the latter with the price of the diesel. Our results do not vary by much (Raw 8 of Table 5).

We also investigate possible asymmetry in the response of fuel consumption to fuel price
changes, we find like Kilian and Vigfusson (2011) and Kilian (2022) that there is none (see
Appendix Table 12), which contrasts with Levin et al. (2022) who estimate that gasoline
demand is three times as elastic when prices rise above their average as when prices fall

below this average.

5.3 Heterogeneity of the price elasticity

In that subsection, we wonder whether the price elasticity of fuel demand is homogeneous
amongst groups of consumers with similar observed characteristics, or not. We first in-
vestigate whether the average price elasticity varies with income (Figure 11a) or location

(Figure 11b), which turns out not to be the case. Remembering nevertheless that the price
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elasticity measures a relative reaction, and that fuel consumption is higher for wealthier
individuals as well as for those living in rural areas. As a result, the latter respond more to
fuel price changes, on average, in nominal terms. By contrast, a dimension along which that
average price elasticity exhibits sizable dispersion is (past) fuel consumption (Figure 11c):
“dependent households” who rely much on the car as their primary transportation are less
elastic, as the intuition suggests. For example, individuals in the bottom quartile of (past)
fuel spending have an average elasticity comprised between -1.06 (0.24) and -0.62 (0.22),
while those in the top quartile have an average elasticity of -0.32 (0.07) to -0.19 (0.06).
Figure 11d shows further that this is especially the case for liquidity-constrained house-
holds, which leads us to conclude that dependent and liquidity-constrained individuals are
most likely to undergo any rise in fuel prices. We believe that this empirical evidence is
of practical relevance and has important implications in terms of public policy: when de-
signing transfer schemes to compensate the losers of, say, fuel inflation, the decision-maker
may want to finely target such households, remember Sallee (2019). It requires however
for her to dispose of corresponding information about consumption and liquidity.

We next perform a more systematic search of the relevant dimensions of heterogeneity,
and allow for the coefficient 8 to directly depend on observed characteristics (based on
the IV estimation of the DinD specification in Section 4.1). To that purpose, we resort to
the method of causal forests pioneered by Athey et al. (2019). Based on that approach,
Figure 12 displays sorted group average treatment effects issued from a segmentation of our
sample into five groups. We are then able to perform a Chernozhukov et al. (2018)’s test,
according to which homogeneity is rejected: the 20% most price-sensitive individuals have
an elasticity of about —0.8(0.09) while the 20% most inelastic have a null price elasticity, the
difference being statistically significant at 5%. This empirical evidence is thus consistent
with fuel being a necessity good for almost every car driver.

Our estimated price elasticities differ quite substantially across individuals (Table 6),
and it is possible to determine who are the most price-sensitive individuals in terms of
both socioeconomic characteristics and geographic location (Table 7). It turns out that
individuals with a lower fuel spending, who are older and poorer (in terms of both income
and liquidity) are more elastic.

Those results are close to the ones obtained by Kilian (2022): according to them, states
with lower income, higher unemployment rates, and lower urban shares respond more to

price variations. Yet an important difference is that they derive from individual data.
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These results may be viewed as a contribution to the optimal market design of second-best
policies, namely externality-correcting tax-and-transfer schemes. The latter arise due to
imperfect information and tagging of individual consumption: this market failure limits
the planner’s control over the final distribution of outcomes, yet a more accurate prediction

helps mitigate that empirical problem (Sallee, 2019).

5.4 The aggregation bias: disposing of high-frequency data matters

In order to correctly infer the price elasticity of fuel demand, the researcher should dispose
of three ingredients: (i) exogenous price variations, (ii) high-frequency data, and (iii) a con-
venient econometric method to control for consumer anticipations. It is perhaps pointless
to illustrate how essential the first ingredient is to identification -we have already shown
that removing tax changes resulted in an identification failure, both in the local/DinD
approach and in the global estimation over the whole period. We have also explained why
taking anticipations into account was crucial in order not to confound them with the pure
price effect, cf. the downward-biased naive estimations.

Hence we now aggregate our data at the monthly level and show that this aggregation is
misleading. By definition, such monthly data miss short-term variations in fuel purchases
-though popular in the literature, due to the lack of granular datasets. As made clear by
Figure 3, and as confirmed by Figure 28 in Online Appendix, such unobserved variations
include dips and spikes consecutive to anticipated tax changes. As a result, it is impossible
for the econometrician to isolate the pure price effect, and to disentangle it from short-term
intertemporal substitution effects viewed as confounders. This is true even when relying
on parametric approaches to control for anticipation effects like, e.g., in Coglianese et al.
(2017); in particular, such methods based on monthly-level data cannot control for daily
fluctuations which precisely helped us isolate those effects. To quantify the magnitude
of that aggregation bias, we replicate our identification strategy presented in Section 4.1
based on monthly data. We obtain a higher price elasticity of demand, in absolute, namely
-0.65,%" see Column V of Table 2. To understand the direction of the bias, it is useful to
realize that the spike in fuel purchases arises at the beginning of September 2022, a month
during which prices kept on falling; this explains why consumer sensitivity is magnified. It

is yet impossible neither to sign, nor to quantify the magnitude of that bias in the general

2Tt is not possible to cluster standard errors in the time dimension in that case, hence we do not comment
precision here.
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case. When we aggregate our data at the weekly level (Column VI of Table 2), we obtain
a point estimate of -0.09, which is yet smaller, in absolute, than the one obtained at the
daily level. In our view, this empirical evidence comforts the claim that daily data are

truly necessary to properly control for anticipations.

5.5 Counterfactuals and policy implications

Equipped with previous estimates, we proceed to a counterfactual exercise in order to assess
both financial and distributive impacts of the fuel tax policy at stake, as well as its effect on
CO3 emissions. To that aim, we first simulate a counterfactual that would have prevailed in
the absence of excise tax cuts, i.e. of public policy interventions. In particular, we predict
fuel spending §.; at prices p.s = pet + Apy for the time period that ranges from January
1st, 2022 (¢) to December 31st, 2022 (£).2® The after-tax price differential Ap; is equal to
zero until the end of March, then amounts to +0.18€ per liter after April 1st, and up to
+0.30€ per liter from September 1st, onwards; it is then diminished to +0.10€ per liter
from November, 16th onwards and vanishes on December 31st, 2022. By focusing on such
an experiment, we implicitly assume a full pass-through of tax changes to consumers; we
also abstract from decentralized supplementary price reductions like the ones implemented
in TotalEnergies gas stations, for instance, when seeking to evaluate the impact of the sole

public intervention.

We then evaluate the impact of the policy on consumption, in liters, by computing the

difference between observed (ex post) and simulated (ex ante) consumption:

t t t
> et = Get) =Y Blper — Per) = = > B(Apy) > 0, (16)
t=t t=t t=t
2For each cell of individuals and for each day, we may compute .. = Bﬁct + Z;‘Zté Ailemn +
Z;‘;iﬂt“*tw(fﬁ}a,h“a,l)lt:h ~+ éc + fir + fer from previous estimates. Indeed, in the absence of any

sharp, policy-driven price change as is the case for the latter three anticipation windows and the second
part of the first anticipation window related to the April 1st shock, anticipation effects must be neutralized.
During the first anticipation window, we assume that (stored) fuel consumption observed during the period
from to to the day before the announcement of the first tax cut, denoted by (t, — 1), i.e. March 10th,
would have been compensated the days after from ¢, to to — 1 + (to — to) according to some symmetric,
opposite scheme. Note that the latter assumption is yet unimportant to our policy evaluation exercise: it
is only required that default purchases during the rest of that window (from ¢, to to — 1+ (ta — t0)) exactly
compensate excess purchases (from ¢y to t, — 1), corresponding to storage.
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due to anticipation effects cancelling out over each anticipation window but the first one.
The change in fuel spending is provided by:
t

B(Apy)pet + Z YeDet (17)

t=t

]~

t t
Z[pctQCt — Petdet] = — Z(Apt)(jct -

t=t t=t t

Il
I~

which makes clear that 8 and v = (y!,72,73,~7%) are sufficient statistics for such an eval-
uation exercise. Three effects are at stake: (i) — Zf:t[(Apt)(jct] < 0 corresponds to the
mechanical, or direct effect of the discount on fuel sl;ending, consumption being fixed;
(ii) the “behavioral effect” — Zf:t[(BApt)pct] > 0 corresponds to the impact of the in-
crease in consumption (consecutiV(; to reduced prices) on spending; (iii) the “anticipation
effect” ZL et s related to the fact that storing (resp. postponing) when prices are
low (resp. h&gh) does not alter total consumption but may increase or decrease spending

depending on the price variation over time. The latter term rewrites:

t t t t
Z YePet = Z YtDet — Z Vi Apy ~ — Z Yt Apy (18)
=t =t =t =t

since (i) there is no anticipation outside anticipation windows, and (ii) counterfactual
prices p.s do not vary much during anticipation windows, contrary to observed prices pet,
which means that the first of the two terms in the decomposition (18) is almost equal to the
average counterfactual price during each anticipation window times the sum of anticipation
effects over that period, i.e. zero, and may thus be neglected. Empirically, the anticipation
effect is null outside anticipation windows, and its magnitude is similar to the price effect
otherwise: as a result, those effects do not matter much, on the whole, in that specific

evaluation exercise -despite their relevance in the estimation as explained before.

Based on previous estimated range of the marginal price effect B e [—0.56, —0.29],
which yields an average elasticity comprised between -0.4 and -0.21, we first get a sense of
how much the policy has absorbed part of the 2022 price shock. Hence we compute the
counterfactual fuel spending that households would have faced if prices had maintained
at their level at the beginning of the year (about €1.64 per liter). We estimate that
households would have then spent €144 to €208 less, on average, compared to the laissez-
faire (Table 8).
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We then estimate that the financial impact of the policy has been to reduce fuel spending
by between €51 and €81 per household, on average, in 2022, which represents from 0.15%
to 0.24% of the average income: from that viewpoint, the discounts at the pump have only
provided a partial compensation to the concerned households. We next allow for B to vary
depending on observed characteristics as in section 5.3, starting with income. Also, to
ease exposure, Figure 13 focuses on the more elastic case and quantifies distributive effects
at stake: from €29 saved by the bottom 25% of income to €64 saved by the top 25% of
income. Those figures represent 0.26% of income for the former,?® and 0.09% of income
for the latter.’ The mechanical reduction in fuel spending amounts to roughly €110,
while the behavioral effect, which induced car drivers to consume more fuel, and thus to
spend more, is comprised between €29 and €59: this countervailing response has therefore
attenuated the direct effect on fuel spending by between 26% and 54%. Figure 14 then
confirms that individuals living in rural areas, whose share of income spent on fuel is higher,
benefited more from the policy, in nominal terms -especially for low-income individuals, see
Figure 15. Interestingly, those who belong both to the bottom 25% of income and to the
top 25% of fuel spending devote about 30% of their income to fuel expenditures: the policy
alleviated that share by almost 1.4pp, from 27.8% to 26.4%. Figure 16 further provides
counterfactual simulations in which the price elasticity differs according to both location
and income.

Last, the impact of the policy on COs emissions has been rather limited. The extra
fuel consumption amounts to between 16 and 31 liters per household (i.e. about +2.2% to
+4.2%), this effect being heterogeneous: for instance, it is about 45 liters in the top 25% of
fuel consumption but 21 liters only in the bottom 25%, those figures being obtained with
the upper bound estimate. Based on the observed fuel mix between gasoline and diesel,
we estimate that this supplementary consumption represents between 48 and 93 kilograms
of CO.3" In 2021, a French household’s annual carbon footprint amounted to about 20.3

tons, hence a corresponding increase by 0.24% to 0.46%.

Their observed budget share of fuel expenditures is 8.11%; in the absence of any intervention, that
share would have increased to 8.37%.

30Respectively 2.7% and 2.79%.

311n the polar case of pure diesel, corresponding estimates would range from 51 to 98 kilograms. In the
other polar case (pure gasoline), they would range from 44 to 86 kilograms.
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6 Conclusion

This paper has shown that the researcher who aims at causally inferring the price elastic-
ity of fuel demand should dispose of granular, high-frequency data, on top of relying on
exogenous price variations. We show that daily data allow to take anticipatory behavior
into account, combined with an econometric method that is less parametric than other
approaches in the literature. Equipped with such ingredients, we build upon previous esti-
mates in the literature, and our findings concur to a short-term price elasticity comprised
between -0.4 and -0.21.

We have also documented that the price elasticity exhibits sizeable dispersion, pri-
marily in the fuel spending dimension itself. Individuals who consume more fuel are also
more inelastic, especially when they are also liquidity-constrained. By contrast, income
and the type of location are not associated with significantly different average price elas-
ticities. From the viewpoint of market design, these results are important to better tailor
compensation schemes to car drivers’ needs, hereby to improve the targeting of transfer
mechanisms.

When evaluating financial and distributive impacts of the current policy as well as its
effect on global emissions, we found that concerned households saved between €51 and
€81, on average, i.e. from 0.15% to 0.24% of income thanks to this temporary excise
tax cut. High-income individuals enjoyed a higher gain (from €64 to €115) in nominal
terms, but a smaller one when expressed as a fraction of their income (between 0.09% and
0.17%). Consecutive to that 9-month subsidy of nearly 10.8% of the after-tax price, fuel-
related emissions increased by between 2.2% and 4.2%, which leveraged the overall carbon
footprint by 0.24%-0.46%. Once again, these short-run effects do not preclude long-term

adjustments.
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A Figures

A.1 Descriptive evidence

Figure 1: Distribution of fuel expenditures
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Note. Histogram of transaction-level fuel expenditures (including taxes) from September 2021 to January

2023.
Lecture. 400,000 transactions are observed during that period with amounts comprised between 50 and 51

euros.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

34



Figure 2: Interpurchase durations (in days)
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Note. Elapsed time between two transactions from September 2021 to January 2023.
Lecture. 275,000 fuel transactions are observed during that period that occur 10 days after previous
purchase.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 3: Fuel prices and purchases
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Fuel consumption (in liters) (adjusted for seasonal variations)

— Fuel price

Note. Fuel prices (including taxes) and purchases (in liters). Purchases are adjusted for seasonal
variations thanks to GIE CB data from September 2021 to January 2023. Dashed lines correspond to the
invasion of Ukraine and policy interventions. Tax cut on April 1st amounts to a 0.18 € per liter price
discount (including VAT). Tax cut on September 1st amounts to an extra 0.12 € per liter subsidy, which
has prevailed until mid-November 2022. The remaining subsidy was removed on January 1st 2023.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

36



A.2 Identification
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Figure 4: Prices and anticipation effects

Figure 5: Fuel prices around September, 1st (in 2021 and 2022)
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Note. Fuel prices in € per liter (including taxes) in 2021 and 2022. The dashed line corresponds to an
extra 0.12 € subsidy for each liter purchased implemented from September 1st 2022.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 6: Fuel prices from January to April 2022
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Note. Fuel prices (including taxes) and purchases (in liters). Purchases adjusted for seasonal variations
thanks to GIE CB data from January 8th 2022 to April 30th 2022. The first dashed line corresponds to the
invasion of Ukraine, the second dashed line refers to the announcement of the first policy intervention, a
subsidy of 0.18 € per liter (including VAT), and the last dashed line indicates the effective implementation
of the intervention.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 7: Fuel purchases’ response to the September 1st anticipated tax cut
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Note. Dots correspond to the difference between average fuel quantity purchased in 2022 and average
fuel quantity purchased the same day in 2021 (after adjusting calendar days in 2021 so that weekdays
correspond in 2022 and 2021). The average difference is normalized to 0 before the shock and the
anticipation period. The dashed line corresponds to an extra €0.12 per liter subsidy starting on September
1st 2022. Red dots correspond to the 7 days before and after the tax cut, which we call the anticipation
window. Blue lines correspond to the average difference before and after the tax cut, excluding the 7 days
around the policy intervention.

Note:
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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A.3 Estimation results

Figure 8: Estimated price elasticity, depending on the anticipation bandwidth A
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Note. Estimated price elasticity using equation (10) from July 15th to October 4th in 2021 and 2022,

depending on the number of days considered for anticipation.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 9: Estimated anticipation parameters (v coefficients)
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Note. The solid line corresponds to the v coefficients of equation (12) estimated from September to February.
These coefficients capture purchases due to anticipatory behavior, in liters; in each anticipation window, the
coefficients sum up to 0. Dashed lines correspond to the invasion of Ukraine and policy interventions. Tax
cut on April 1st amounts to a 0.18 € per liter price discount (including VAT). Tax cut on September 1st
amounts to an extra 0.12 € per liter subsidy, which has prevailed until mid-November 2022. The remaining
subsidy was removed on January 1st 2023.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 10: Predicted vs actual demand for fuel
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Note. The black line corresponds to observed fuel purchases (in liters) over the period. The grey line
corresponds to predicted fuel purchases based on equation (12). Dashed lines correspond to the invasion of
Ukraine and policy interventions. Tax cut on April 1st amounts to a 0.18 € per liter price discount (including
VAT). Tax cut on September 1st amounts to an extra 0.12 € per liter subsidy, which has prevailed until
mid-November 2022. The remaining subsidy was removed on January 1st 2023.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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A.4 Heterogeneity of the price elasticity

Figure 11: Heterogeneity along some observed characteristics
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Note. Estimated price elasticity using equation (10) from July 15th to October 4th in 2021 and 2022.
Corresponding subsamples depend on households’ characteristics (observed before the intervention from
January to June, for continuous variables, and in June for discrete variables). Two-way clustering of
standard errors at cell and year-day levels.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 12: Sorted Group Average Treatment Effects

0.00

-0.25

Elasticity

-0.50

-0.75

Q1 Q2 Q3 04 Qs
Quantile of conditional average treatment effect (CATE)

Note. Average elasticity in each quintile of conditional average treatment effect (CATE). Estimation made
from July 15th to October 4th in 2021 and 2022 on subsamples (excluding the anticipation window).

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

44



A.5 Counterfactual simulations

Figure 13: Distributive effects of policy (by income)
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Note. Estimation period: 2022.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

Figure 14: Distributive effects of policy (by location)
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Note. Estimation period: 2022. Location is defined by the bank.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 15: Distributive effects of policy (by fuel spending x income)
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Note. Estimation period: 2022.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

Figure 16: Distributive effects of policy (by income x location)
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Note. Estimation period: 2022.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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B Tables

Table 1: Estimation based on the September 1st tax cut

I II IIT I\% \Y% VI
coefficient -0.62 (0.10) -0.29 (0.10) -0.40 (0.09) -1.06 (0.18) -0.56 (0.11) -0.52 (0.10)
price elasticity -0.44 (0.07) -0.21 (0.07) -0.29 (0.06) -0.76 (0.13) -0.40 (0.08) -0.37 (0.07)
IV (Instrument: post- 9/1 dummy) v v
Anticipation dummies v v
Excluding anticipation window v
Cell FE v v v v v
Day FE v v v v v
# of cells 10777 10777 10777 10777 10777 10777

Note. Estimation of equation (10) with a sample of 10,777 cells of customers observed from July, 15th to October,
4th. Treatment year: 2022, Comparison year: 2021. Two-way clustering of standard errors at cell and year-day

levels.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

Table 2: DinD (September 1st): Robustness checks

I II 11T I\ \% VI
price elasticity -0.41 (0.07) -0.18 (0.07) -0.23 (0.07) 0.96 (0.38) -0.65 (.) -0.09 ()
Quasi-Poisson regression v v v
Linear model v v v
Anticipation dummies v v
Excluding anticipation window v v
Falsification test (control for post- 9/1 dummy) v
Monthly aggregation v
Weekly aggregation v
Cell FE v v v v v v
Day FE v v v v
Week FE v
Month FE v
# of cells 10,777 10,777 10,777 10,777 10,777 10,777

Note. Estimation of equation (10) with a sample of 10,777 cells of customers observed from July, 15th to October, 4th.

Treatment year: 2022, Comparison year: 2021. Two-way clustering of standard errors at cell and year-day levels.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Table 3: Estimation based on the price surge (war) + tax cut (April 1st)

I I I11
price elasticity -0.72 (0.16) -0.18 (0.06) -0.31 (0.24)
Anticipation dummies v
Excluding anticipation window v
Cell FE v v v
# of cells 10,826 10,826 10,826
Note. Estimation sample: 10,826 cells of customers observed from

January, 10th to April, 30th 2022. Two-way clustering of standard
errors at cell and day levels.
Source. Sample of households who primarily bank at Crédit Mutuel

Alliance Fédérale.

Table 4: Estimations based on the whole period (September 2021-February 2023)

1 11 111 v \ VI
coefficient -0.54 (0.06) -0.61 (0.06) -0.57 (0.08) -0.39 (0.04) -0.47 (0.05) -0.32 (0.04)
price elasticity -0.44 (0.05) -0.50 (0.05) -0.47 (0.07) -0.32 (0.03) -0.38 (0.04) -0.26 (0.03)
Anticipation dummies v v v
Seasonality controls v v v v
Linear trend v v
Cell FE v v v v v v
# of cells 7,000 7,000 7,000 7,000 7,000 7,000

Note. Estimation of equation (12) with a sample of 7,000 cells of customers observed from September
2021 to February 2023. Two-way clustering of standard errors at cell and day levels.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Table 5: Robustness checks (September 2021-February 2023)

I I 111 v A% VI
Main estimates -0.44 (0.05) -0.50 (0.05) -0.47 (0.07) -0.32 (0.03) -0.38 (0.04) -0.26 (0.03)
IV estimates -0.34 (0.06) -0.38 (0.06) -0.42 (0.08) -0.25 (0.04) -0.33 (0.04) -0.24 (0.04)
Quasi-Poisson regression | -0.43 (0.05) -0.50 (0.05) -0.48 (0.07) -0.34 (0.04) -0.42 (0.04) -0.29 (0.04)
Removing June and July | -0.57 (0.06) -0.65 (0.07) -0.65 (0.09) -0.40 (0.05) -0.46 (0.06) -0.32 (0.05)
January-September 2022 | -0.38 (0.08) -0.40 (0.08) -0.39 (0.08) -0.04 (0.0) -0.11 (0.05) -0.11 (0.05)
Before war (2022-02-24) | -0.80 (0.11) -1.04 (0.11) -0.33 (0.26) -0.80 (0.11) -1.04 (0.11) -0.33 (0.26)
Pure Diesel prices -0.49 (0.04) -0.54 (0.05) -0.45 (0.07) -0.38 (0.03) -0.45 (0.03) -0.24 (0.03)
Monthly estimates -0.20 (0.31)
Anticipation dummies v v v
Seasonality controls v v v v
Linear trend v v
Cell FE v v v v v v

Note. Estimation with a sample of 7,000 cells of customers observed from September 2021 to February
2023. Two-way clustering of standard errors at cell and day levels.
Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Table 6: Heterogeneity of elasticities

OLS v
Average -0.21 (0.07) -0.40 ((0.08))
Income group
1st quarter -0.26 (0.08)  -0.42 (0.09)
2nd quarter -0.21 (0.07)  -0.38 (0.08)
3rd quarter -0.19 (0.07)  -0.34 (0.07)
4th quarter -0.21 (0.09)  -0.45 (0.1)
Past fuel consumption group
1st quarter -0.62 (0.22) -1.06 (0.24)
2nd quarter -0.25 (0.12)  -0.52 (0.13)
3rd quarter -0.25 (0.08)  -0.43 (0.1)
4th quarter -0.19 (0.06) -0.32 (0.07)
Location
Periurban -0.32 (0.05)  -0.47 (0.07)
Urban -0.24 (0.12)  -0.41 (0.13)
Rural -0.22 (0.06) -0.37 (0.07)

Note. Two-way clustering of standard errors at cell and day levels.
Source. Sample of households who primarily bank at Crédit Mutuel
Alliance Fédérale.

Table 7: Socio-economic characteristics (by elasticity group)

All ‘ 20 % most elastic ‘ 20 % least elastic

Avg. | Sd. | Avg. Sd. Avg. Sd.
Age 52 0.03 58 0.07 42 0.08
Monthly fuel consumption (euros) | 106 | 0.18 7 0.38 122 0.40
Monthly income 3014 | 4.72 | 2850 10.24 3143 10.94
Liquid wealth 42,165 | 214 | 43,518 465 42,118 497
Periurban 0.45 0 0.39 0 0.50 0
Rural 0.23 0 0.29 0 0.15 0
Urban 0.32 0 0.33 0 0.34 0
Consumption unit 1.29 0 1.33 0 1.22 0

Note. Average characteristics in each quintile of conditional average treatment effect
(CATE). Estimation period: from July 15th to October 4th (without the anticipation
window). Treatment group: 2022. Control year: 2021.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

50



Table 8: Counterfactual spending

I I 111 v A% VI VII
Observed Simulations
OLS estimations IV estimations
Fixed price Without  With discount  Fixed price Without = With discount
in 2022 discount  (no adjustment) in 2022 discount  (no adjustment)

Average 1368 1241 1449 1338 1275 1419 1311
Income group
1st quarter 920 842 968 894 863 949 877
2nd quarter 1096 995 1161 1071 1019 1139 1052
3rd quarter 1552 1401 1650 1523 1431 1623 1499
4th quarter 1903 1726 2018 1864 1782 1967 1818
Past fuel consumption group
1st quarter 187 193 180 163 211 162 147
2nd quarter 761 700 808 742 724 785 722
3rd quarter 1513 1379 1602 1478 1410 1575 1454
4th quarter 3013 2709 3202 2964 2753 3164 2930
Location
Periurban 1480 1347 1568 1447 1373 1544 1426
Urban 981 902 1034 955 924 1012 936
Rural 1855 1695 1948 1800 1728 1919 1774

Note. Fuel spending (in €) in 2022 based on various scenarios and estimations. Column I: observed spending. Column II: simulated spending if prices had
remained fixed and equal to their level on January 8th. Column III: simulated spending in the absence of any discount at the pump. Column IV: simulated
spending with discounts, holding quantity constant and equal to its level in the no-discount scenario (no adjustment: null price-elasticity). Columns V, VI
and VI: same scenarios as Columns II, IIT and IV based on IV estimations (instead of OLS).

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Online Appendix

C Toy econometric models: details

In this Appendix, we first consider an econometric specification that extends the toy model
presented in section 3.2 in that period k may last T} days, which encompasses the case
where T, = T,Vk. We then present a model suited to the case of a tax cut that exactly

compensates a price surge.

C.1 A single price reduction (4-period model)

C.1.1 Unconstrained estimator

Program:
4 3 2
min Te\ak—q0 — Bk — )
(90,8,72,73) kzzl < ;
FOC:
3
o T,
qO+ﬂp=q—Z’m? (19)
k=2
3 T
= k
QP + B =Dq = ) Wpr (20)
k=2
qQk — qo — Bpk = Yk, Yk =2,3 (21)

Plugging (21) into (19) yields qo(71 + T4) + B(Tip1 + Tapa) = Tiqr + Taqa
Plugging (21) into (20) yields go(Tip1 + Tups) + B(Tip? + Tup3) = Tip1qr + Tapaqa

Thus

Bu q1 — 44

= <0
P1 — P4

qv = P194 — paqa
P1— P4
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~u p q1 — 4k
=qr — q1 — — _— = Vk=2,3
Ve = 4k — q1 (Q4 Q1) Ap Dk Ap )

that is,

Yo =g —q <0, =q3 —q1 >0

C.1.2 Constrained estimator

Under the constraint Zi:z Ty = 0, FOC now write:

qQ+pBp=4q (22)
_ 3 T
aop+ Bp* =7~ ) Wbk (23)
k=2
Y2(T2 +13) = T3[q2 — g3 — B(p2 — p3)] (24)

Plugging the latter into (23) and using (22) combined with the constraint yields

Be = (Ty +T3)[T1q1 (T3 + Ty) — Taqa(Ty + To)] + (ToTy — T1T3)(Tag2 + T3q3)
[Ty (Th + To) + ThT5(T5 + Ty)]Ap

When the episode is symmetric with respect to the moment when prices fall, i.e. T = Ty

and 75 = T3, the latter formula boils down to

iiC
Ap

In the absence of symmetry, the information about purchases during the anticipation win-

dow may be used to infer j.

T (T3 +Ti)(q2 — q1) + Ta(T1 + T2)(q4 — g3)

<0
ToyTy(Ty 4+ T2) + T T5(T5 + Ty)

Yo = T3

Under symmetry, the latter expression boils down to 4§ = (g2 — ¢1)/2 + (g1 — ¢3) /2.
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C.1.3 Naive estimator

Under v = 0,Vk = 2,3, FOC now write:

Qo+Bp=q
qop + Bp? = pg
It follows that
gr_Pizpi_ T a-a'
Z?_ﬁ2 T +15 Ap

C.2 Price surge + compensatory tax cut (5-period model)

The main advantage of our estimation procedure (namely, the fact of imposing a zero-
sum for the ~ coefficients all over the anticipation window) is even more salient when we
consider a rise in prices followed by a price cut that brings prices back to their original level.
Though simplified, this framework once again resembles the situation that prevailed at the
beginning of the war, followed a few weeks later by the first excise tax cut announced on
March 11th and implemented on April 1st. We then resort to a 5-period model as described
by Figure 4b: Vk #£ 3, p; = p, and p3s = p+ Ap. Here the researcher expects that g3 < ¢; =
g5 < g2 = qq, due to positive anticipation effects in period 2 (consecutive to the anticipated
price increase in period 3) and to negative anticipation effects (or postponement effects)
in period 3 (as a consequence of the latter, but also consecutive to the expected price cut
in period 4), on top of the (negative) price effect since p3 > p. Consumption in period 4
should be higher due to consumers refraining from buying in period 3. We then consider

a similar linear specification as before:3?

qt = qo + Bpe + Yoliea + v3lies + yalies + g (25)
32Again, the inventory model would impose further constraints: vo = )\% =1 >0and y3 = f)\% < 0.
The model would then predict that iy = is = i5 = 0,i2 = A52,i5 = —A52, and that c3 — A3E = g3 <

G =q =c1 < q =qs=c1+ )\g—g. Consistently with the econometric model, v = g2 — co = )\é—é’ =
G2— QL ="Y4a=q4s—Ca=qs— Q5,73 = g3 — C3 = _)\% — (Q3 _ Q1) _ (q2+q3;s+q4 _ q1+q2+q53+q4+(15) %, such
that v2 +v3 + 74 = 0.
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Not imposing T57y2 + 1373 + T4y4 = 0 would be equivalent to dismiss the whole episode
from k =1 to k = 5 when inferring price sensitivity: indeed, since the price is the same in
periods 1 and 5, the unconstrained estimator is infeasible here (cf. Appendix C.2.2).

In practice, it means that the imprecision, i.e. the standard errors, should dramati-

cally increase. Under the naive approach, that is, when v, = 0,Vk = 2,...,4, one has
pr = T_TT3 q‘Zf < 0 (cf. Appendix C.2): this estimator mostly relies on the sole time

period when the price effectively varies, and compares the demand in that period with the
average demand over the whole episode. By definition, such an approach does not account
for any short-term intertemporal substitution. Under the assumption that anticipation
effects exactly compensate over the anticipation window, i.e. Toys + T35 + Tyy4 = 0, one
obtains 3¢ = %%% (see Appendix C.2.3). Interestingly, this estimator ex-
ploits the information contained in the anticipation window to infer the price effect, while
adjusting for anticipatory behavior. A numerical example based on observed prices and
purchases during that episode suggests that the anticipation bias would be even more pro-
nounced here, the naive elasticity being as high as 1.49, in absolute (see Appendix C.3).
Yet the constrained estimation yields —0.3. On the whole, this example also suggests that
the estimation procedure is perhaps more fragile when relying on that price surge episode

(compared with the one based on the single price reduction).

C.2.1 Testing the model

Though it is not possible to test the model in the sense that, by construction, Toys +T57v3+
Ts4v4 = 0 holds, it is yet possible to first test whether ¢; = g5 and ¢o = ¢4 on the data.
From Table 10, ¢; ~ 2.414 liters per day, g5 ~ 2.388 liters per day -a tiny 1.1% difference;
similarly, go ~ 2.739 liters per day, g4 ~ 2.773 liters per day -a 1.2% gap. Second, it would
be possible to reject the model if the condition g1 — g3 > (g2 — 1) + (¢4 — ¢5) was not
met. Once those periods have been appropriately weighted, it is not possible to reject the

model.33

339.306 ~ 22(0.423) ~ T3(q1 — q3) > To(q2 — q1) + Tu(qa — g5) ~ 13(0.325) + 7(0.385) ~ 6.92.
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C.2.2 Unconstrained estimator

Program:
4 2
min Tk T —q0 — Bk — ) Yk
FOC:
LT
- k
w+Bp=0-) nor (26)
k=2
1 T
k
QP+ Bp? =PT— D Wpry (27)
k=2
qk — qo — Bpk = W, Vk=2,...,4 (28)

Plugging (28) into (26) yields qo(T1 + T5) + B(Tip1 + Tsps) = Thq1 + T5q5
Plugging (28) into (27) yields qo(Tip1 + Tsps) + B(Tipt + Tsp?) = Tipiqr + Tspsqs
Thus

Au: Q1_Q5
P1— D5

infeasible since p; = ps.

~u _ P145 — Psq1
0 pP1—Dps

A = [qk(p1 — ps) — pe(q1 — g5)] — (P1g5s — Psq1) Wk =2.... .4

pP1—DPs

C.2.3 Constrained estimator

Under the constraint Zi:Q Ty = 0, FOC now write:
qQo+Bp=q (29)

4
s — Tk,

5 2 — g — E : il
qop + Bp* = Pq = VEDPk T
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Yo (T + T3) + vaTy = T3[q2 — q3 — B(p2 — p3)] (31)

YoTy + v4(T3 + T4) = T3[qs — q3 — B(p4 — p3)] (32)

It follows from (31) and (32) that

(T5 + T4)go — T5q3 — Tuqa] — B[(T5 + T4)p2 — Tapsz — Tupa]
To + T3+ 1T}

Y2 =

(T2 + T3)qs — Toq2 — T3q3] — B{(T2 + T3)ps — Topa — T3ps]
I +T13+ 1,

Y4 =

Plugging the latter into (30) and using (29) combined with the constraint yields

e THh+T3+Tig? —q

C

Ty T+ T Ap

<0

N.B. BC < 0 because §23* < g due to p?3* > p.

~C =15 (

N p TTh+T35+1Ty
= (@ - L LRI DT

4 ApTs T+ 15

hence

and

re 15,034 PPk T T+ T35+ 7T,
=g — 7+ - = Vk=2...,4
Ye=ar—q°+(q q) Ap T, T AT
~C —~15 _
A= qr— G5 >0 Vk=24
R _ _ _TT2+T3—|-T4
§:(I3—q15—(q234— )77<0

T3 Ty +1T5

C.2.4 Naive estimator

Under v, =0, Vk=2,...,4, FOC now write:
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Qo +pBp=q

qop + Bp? = Pq
It follows that
. DPG—pq T —q
n— PI—PT _ =4 _,
p2—p2 T-T3 Ap

C.3 Numerical examples
4-period model Cf. DinD strategy from section 4.1.

Table 9: Consumption around September 1st

Period 07-15 to 08-24 08-25 to 08-31 09-01 to 09-07 09-08 to 10-04
Liters per day (2021) 2.815 2.854 2.734 2.607
Liters per day (2022) 2.503 2.344 2.973 2.420
Price in € (2021) 1.491 1.481 1.486 1.509
Price in € (2022) 1.881 1.905 1.715 1.656
Length of period (days) 42 7 7 28

Unconstrained estimator: €* ~ —0.38 (linear), é* ~ —0.21 (log-log).
Constrained estimator: £€¢ ~ —0.4 (linear), é¢ ~ —0.22 (log-log).

Naive estimator: é" &~ —0.73 (linear), é&" ~ —0.42 (log-log).

Table 10: Consumption during the war

Period 01-10 to 02-24  02-25 to 03-09 03-10 to 03-31 04-01 to 04-07 04-08 to 04-30
Liters per day 2.283 2.702 1.955 2.805 2.344
Liters per day (adjusted) 2.373 2.694 1.962 2.746 2.361
Price in € 1.712 1.870 2.063 1.853 1.827
Length of period (days) 46 13 22 7 23

5-period model Constrained estimator: £ ~ —0.3 (linear), é¢ ~ —0.35 (log-log).

Naive estimator: £ ~ —1.49 (linear), &" ~ —1.13 (log-log).
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D Data details

Two concerns have been raised by the literature as regards the external validity of bank ac-
count data (Baker, 2018): representativeness and completeness. We therefore resort to sev-

eral external sources to assess both representativeness and completeness of our databases.

Representativeness To alleviate concerns about representativeness, and to build upon
previous works afore mentioned, we proceed to calibration weighting using the method
proposed by Deville and Sarndal (1992). We compute weights that exactly reproduce some
targets for auxiliary variables, related to the whole population, while ensuring that these
calibrated weights are as close as possible to original sampling weights. By construction,
the weighted sample has the same distribution as regards the corresponding variables as
the whole population. We consider the following dimensions, called margins: age, sex and
département, for that auxiliary information.

The distribution of household expenditures with respect to their position in the stan-
dard of living distribution obtained in transaction data matches closely the one issued
from the representative consumption survey Budget des Familles (Figure 19). In partic-
ular, putting aside both ends of the income distribution, spending-to-income ratios look
remarkably similar, decreasing from 1 to 0.75, which mitigates previous concerns related
to measurement error on income. If anything, our data overestimate spending, probably
because Crédit Mutuel customers tend to be richer. This is confirmed by Table 11 which
suggests that Crédit Mutuel customers are wealthier: they dispose of higher income (Fig-
ure 17), detain more assets (Figure 18), and spend more than the average (Figure 19). The
pregnancy of liquidity constraints can be assessed by looking at the liquid wealth-to-income
ratio, about 10.5, meaning that, on average, households dispose of liquidity equivalent to
10.5 months of income. It decomposes into a 3.1 ratio of liquid assets over end-of-month
balances on deposit accounts (this number compares well with the one documented in the
U.S. by Baker (2018)), and another 3.4 ratio of end-of-month balances on deposit accounts
over monthly income. Finally, these customers are younger, on average, and tend to live in
more peripheral areas. Figure 20 focuses on the sole fuel category: it can be verified that
our sample spends systematically a bit more, probably because it is composed of richer
customers. Reassuringly, the evolution of fuel spending looks yet quite identical (Figure 22)

to the one issued from the comprehensive Groupement des Cartes Bancaires CB (GIE CB)
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dataset, with a 0.99 correlation. On top of supporting external validity, this empirical
evidence provides some grounds for a seasonal adjustment based on the data issued from
the French card and mobile payment system. More generally, we believe that it alleviates

legitimate concerns about selection bias.

Completeness First, our measure of spending exhibits quite the same evolution as the
one issued from the Groupement des Cartes Bancaires CB, the leading domestic card and
mobile payment system in France (Figure 21).

Second, our measure of income is more volatile (Figure 23) than the one measured by
Insee.?* This higher dispersion is rather expected: it is intrinsically related to the fact that
we do not observe income directly, but rather all incoming transfers. Yet it is reassuring
to see that the magnitude of possible measurement error is limited.

Third, our measure of liquid assets is slightly more dynamic than the one reported by
Bangque de France that centralizes information from all other bank networks (Figure 24). If
anything, Crédit Mutuel customers likely enjoy higher capital gains (Fagereng et al., 2019)
but that composition effect looks again rather limited.

On the whole, these comparisons with external sources suggest (i) that representative-
ness is not too much of a concern, (ii) that the calibration weighting contributes to alleviate
this problem, and (iii) that the remaining differences on earnings and assets are mostly

due to differences in concepts, rather than to incompleteness.

34namely, the gross standard of living as the ratio of gross disposable income over the number of con-
sumption units.
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D.1 Data: External validity

Table 11: Summary statistics

Weighted sample

# of observations 181,527
Banking variables (sample means)

Monthly Spending 2,721

Fuel (cards) 94
Income 3,622
Financial Assets

Liquid financial Assets 38,116

Llliquid financial Assets 23,469
Ratio liquid assets/deposit account 3.1

Household head characteristics (sample means)

Age 53
Female 0.41
Craftsmen, merchants and business owners 0.08
Managerial and professional occupations 0.13
Technicians and associate professionals 0.12
Employees 0.17
Workers 0.11
Periphery areas 0.41
Rural areas 0.37
Urban areas 0.19

Note. Estimation period: 2021 for transactions (spending, income), January 2021 for assets
and socio-demographics. Pecuniary amounts in €. The oldest member of the household is
the head of the household.

Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

61



Figure 17: Distribution of income (transaction data vs. survey data from ERFS, Insee)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; Enquéte sur les

Revenus Fiscauz et Sociauz (ERFS) survey.
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Figure 18: Household financial wealth by income (transaction data vs. survey data from
Histoire de Vie et Patrimoine, Insee)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; Patrimoine survey.
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Figure 19: Household monthly expenditures by income (transaction data vs. survey data
from Budget des Familles, Insee)
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Figure 20: Distribution of monthly fuel spending, by income (transaction data vs. survey
data from Budget des Familles, Insee)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; Budget des Familles

survey.
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Figure 21: Evolution of spending (transaction data vs. aggregate data from the French
card and mobile payment system)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; GIE CB data.
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Figure 22: Evolution of fuel spending (transaction data vs. aggregate data from the French
card and mobile payment system)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; GIE CB data.

Figure 23: Income (transaction data vs. aggregate data from national accounts, Insee)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; French National

Accounts.
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Figure 24: Liquid Assets (transaction data vs. aggregate data from Banque de France)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale; Banque de France.
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E Supplementary figures and tables

Figure 25: Intensive vs extensive margins (quantity per transaction vs # of transactions)
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Sources. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 26: The BIC as a function of the anticipation bandwidth A

Source
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. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.

Figure 27: Fit of the model (quasi-Poisson regression)
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Source. Sample of households who primarily bank at Crédit Mutuel Alliance Fédérale.
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Figure 28: Fuel prices and purchases (monthly aggregation)
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Estimation based on August 2022-February 2023 Local estimations primarily based
on the end of the temporary excise tax cut enable us to empirically investigate whether
the response of fuel demand to a price change is asymmetric or not, i.e. whether it has
the same magnitude with respect to either downwards or upwards shocks (Table 12). The
naive estimator, -0.73 (0.10), still suffers from an anticipation bias. As expected, both
constrained and unconstrained estimators are close, amounting respectively to -0.4 (0.08)
and -0.35 (0.08): they are not significantly different from each other at 5%. They both lie
at the lower bound of previous range of estimates: we therefore conclude to no (or limited)

asymmetry in consumer response to price changes.

End of | End of
tax cut} fax cut

i Tax cut

1.8

Euros per liter
[
3

15

- 2022 2021 2019

Figure 29: Fuel prices (August 2022-February 2023)

72



Table 12: Estimation based on the period from August 2022 to February 2023

I II I11
price elasticity -0.76 (0.12) -0.29 (0.07) -0.34 (0.07)
Anticipation dummies v
Excluding anticipation window v
Cell FE v v v
Day FE v v v
# of cells 10,938 10,938 10,938

Note. Estimation sample: 10,938 cells of customers.

3 observation windows: (i) from August 4th, 2019 to February, 22nd 2020,
(ii) from August 2nd, 2021 to February 20th, 2022,

and (iil) from August 1st 2022 to February 19th 2023

Two-way clustering of standard errors at cell and year-day levels.
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