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Abstract

This paper examines the effect of anticipated and unanticipated changes in oil prices and

gasoline inventory on US gasoline prices. We estimate empirical responses to anticipated

and unanticipated changes in oil prices and gasoline inventory and show that gasoline price

adjustments are faster and stronger for anticipated changes in oil prices and inventory levels

than for unanticipated changes. Furthermore, this difference is statistically significant. We

use these findings to evaluate the cost of adjustment hypothesis suggested by Borenstein and

Shephard (2002). We also find that there is an asymmetry in the effect of gasoline inventory

on gasoline and oil prices. This finding complements a well-known result that positive and

negative changes in oil prices have asymmetric effect on gasoline prices.
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1 Introduction

The question of lags in the response of gasoline prices to oil price changes has received con-

siderable attention from researchers. Since the study by Borenstein, Cameron, and Gilbert

(1997) which illustrates that gasoline prices adjust slowly to changes in crude oil prices,

several explanations of the observed phenomena have been suggested and tested. Borenstein

and Shepard (2002) argue that the slow response of gasoline prices is attributed to the high

cost of adjustment of production and inventory.1 Johnson (2002) argues that a search cost

may lead to long lags in the response of gasoline prices. Godby et al. (2000) empirically

explore the behavior of gasoline and oil prices and suggest that only oil price changes that

are bigger than some threshold level lead to revision of gasoline prices. Similar results were

obtained by Radchenko (2005a) who points to possible nonlinearities in retail gasoline prices

and the role that different kinds of oil price fluctuations play in the gasoline price response.

In this paper, we add new evidence to the literature by examining the response of gasoline

prices and inventories to anticipated and unanticipated oil price shocks. We use a methodol-

ogy originally developed by Cochrane (1998) to distinguish between the effects of anticipated

and unanticipated shocks and apply it to analyze the lags in the response of gasoline prices

and inventories. The analysis is conducted in two steps. First, we develop a reduced form

model2 that captures interactions between oil prices, gasoline prices and gasoline inventories.

Second, applying the Cochrane methodology to our model we estimate and compare effects

of anticipated and unanticipated shocks.

The findings of our paper can be summarized as follows. First of all, we show that antic-

ipated shocks lead to significantly stronger and faster response than unanticipated shocks.

The latter is consistent with the cost of adjustment hypothesis proposed by Borenstein and

Shepard (2002). The reason is that the production and holding costs can make it sub-optimal

1Consideration of the inventory adjustment cost along with the production adjustment cost is important
because it is known that many commodities do not exhibit statistically significant cost of adjusting produc-
tion. See Pindyck (1994) who presents evidence of insignificant cost of adjustment for copper, heating oil,
and lumber.

2Even though we use a reduced form approach, we show in the paper that the estimated effects of the
shocks, in particular their signs, are consistent with structural theoretical models considered in the literature.
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for refineries to adjust immediately. When the shock is anticipated, refineries have an option

of beginning the adjustment earlier, in particular, prior to the shock. With the unanticipated

shock, refineries do not have such an option which makes the unanticipated response more

delayed. As for the fact that the response to an anticipated shock is stronger, we argue in

the paper that it is hard to reconcile with the solely cost-related reasons. We conjecture

that incomplete information about the shock and subsequential learning might be partially

responsible for a stronger response to an anticipated shock.

Our second finding is that we observe a statistically significant asymmetry in the effects

of positive and negative oil and inventory shocks. In the literature, it has been already

established that positive oil shocks have stronger effect on gasoline prices than negative

shocks.3 We replicate this finding in our analysis and in addition we demonstrate that the

inventory shocks also have this asymmetric effect on gasoline prices. The positive inventory

shocks, which we interpret as demand shock, produce more pronounced response that is

significant both in the short- and the long-run. The negative inventory shocks has much

weaker effect that is significant only in the short-run.

Third, we show that gasoline inventory level has a “feedback” effect on oil prices. This

finding is new in the literature and perhaps somewhat surprising because oil prices could

be considered exogenous for gasoline industry. However, both anecdotal evidence and the

common sense suggest that this effect might exist.4 We show in the paper that inventory

shocks do have a significant effect on oil prices and it is also asymmetric. An increase in the

inventory level leads to a significant decrease in oil prices, whereas a decrease in inventories

does not have a significant effect.

The contribution of our paper to the literature is three-fold. First, using Cochrane

3One may refer to the results and references in papers by Borenstein et al. (1997), Galeotti et al. (2003),
Balke et al. (2002) or Bacon (1991).

4 For example, after the weekly inventory report by the Energy Information Administration on
January 10 of 2007, crude oil price fell by 3% during one day because gasoline and distillate in-
ventory increased by 1.8% and 3.8% respectively. A decline in crude oil price occurred despite a
1.5% decrease in the crude oil inventory level. As some traders put it: ”It really has not been a
crude inventory problem... It has been a refined products problem.” For more details one may check
http://money.cnn.com/2007/01/10/markets/oil eia/index.htm?postversion=2007011011.
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methodology we develop and estimate an adjustment model that allows anticipated and

unanticipated shocks to have different effects on gasoline prices and other variables of interest.

This is particularly important since accounting for such a difference can explain the difference

in results reported in the literature. Furthermore, allowing anticipated and unanticipated

shocks to have different effects provides additional evidence to evaluate the Borenstein and

Shephard (2002) result. Second, we include the gasoline inventory variable into our analysis.

The inclusion of inventories is a very natural step given that inventory level is one of the main

decision variables for producers together with output prices and production levels. However,

to our knowledge this is the first paper that uses inventory data in the analysis of delayed

adjustment of gasoline prices. Finally, inclusion of inventory variable into the analysis enables

us to investigate questions that were not previously addressed in the literature. In particular,

we show that there is an asymmetry in gasoline and oil price responses to inventory shocks

and that there is a “feedback” effect of gasoline inventories on oil prices.

The structure of the paper is as follows. We present motivation for considering the model

that separates anticipated and unanticipated shocks in Section 2. In Section 3, we explain

the details of the econometric approach that we use to construct gasoline price responses to

anticipated and unanticipated movements in oil prices and gasoline inventory. In Section 4,

we describe the data and results. Concluding remarks are in Section 5.

2 Theoretical Background and Motivation

This section consists of two parts. In the first part, we motivate the importance of separating

the effects of anticipated and unanticipated shocks. In the second part, we review dynamic

pricing models which will be useful for interpreting our results.
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2.1 Motivation for Separating the Effects of Anticipated and Unan-

ticipated Shocks

One reason to separate the impacts of anticipated and unanticipated oil price shocks is

that such a separation can help to interpret empirical evidence on the source of lags in

the response of gasoline prices. There are many papers, including Radchenko (2005a), that

empirically explore the relationship between oil and gasoline prices. Their common aspect

is that the authors compute the measures of gasoline price adjustments to the changes in

oil prices without explaining whether these adjustments are in response to anticipated, or

unanticipated oil price changes, or perhaps both. This leads to differences in the reported

results from various empirical models, most notably, from the error correction models (ECM)

and the vector autoregressive model (VAR).

As we will demonstrate the difference is due to effect that the measures of the gasoline

price adjustment from the VAR and ECM gasoline models describe different phenomena. The

measure of adjustment of gasoline prices from a VAR model captures the response of gasoline

prices only to unanticipated oil price changes.5 The measure of gasoline price adjustment

from an ECM type models captures the response of gasoline prices to a combination of both

anticipated and unanticipated oil price changes by implicitly assuming that both types of

price changes have the same effect on gasoline prices.

Both models are unrealistic. It is unlikely that anticipated and unanticipated oil price

changes have the same effect on the gasoline price, as in ECM, or that only unanticipated

oil price changes influence the gasoline price, as in VAR. We apply a model that allows both

kinds of oil price changes to have a different impact on gasoline prices and show how one may

recover the measures of gasoline price adjustment to different kinds of oil price movements.

In particular, the proposed model nests the ECM and VAR models as special cases and

5Christiano, Eichenbaum, and Evans (1998) point out that the VAR methodology is asymptotically
equivalent to the following two step procedure. In the first step, realized shocks are estimated by the fitted
residuals in the ordinary least squares regression of the variable of interest on the variables in the information
set. In the second step, a researcher estimates the dynamic response of a variable to shocks by regressing
the variable on the current and lagged values of the estimated shocks (residuals).
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allows us to test whether anticipated and unanticipated shocks have the same effect and

whether it is possible that only unanticipated shocks have effect on gasoline prices.

Another reason for the separate analysis of effects of anticipated and unanticipated oil

price changes is that it provides additional evidence to evaluate the Borenstein and Shephard

(2002) result. In that paper, the authors argued that it is costly adjustment of production and

inventories that leads to lagged response of gasoline prices. Using our data we can examine

this hypothesis based on the timing and the strength of the response. In terms of timing, the

hypothesis will be supported by empirical evidence if the response to unanticipated changes

in oil prices is more lagged than the response to anticipated changes. This is one of the

findings presented in this paper.

To evaluate the costly adjustment hypothesis in terms of the strength of the response,

we need to keep in mind that different assumptions on the timing and cost structure, can

produce different outcomes. In particular, depending on whether the cost structure is convex

or not refineries will adjust either with many small or few big changes. Consequently, we

could expect that the response to the anticipated shock should be smaller and shorter if the

cost is convex, since firms will start adjustment prior to anticipated shocks. Alternatively,

if the cost is non-convex there might be less of a difference in responses to anticipated

and unanticipated shocks. We argue in the paper that empirical evidence on the strength

of the response while do not contradict the adjustment cost hypothesis cannot be entirely

explained by it. We conjecture that an uncertainty about shocks and refineries learning

might be consistent with the empirical evidence that we observe.

2.2 Pricing Models Overview

To interpret our results it will be helpful to briefly review theoretical literature that studies

optimal inventory and pricing decisions. Not surprisingly, the optimal strategy for sellers can

vary significantly depending on model assumptions (see Elmagrhraby and Keskinocak, 2003,

for a survey). For example, if the seller has convex production, holding and ordering costs

then the optimal strategy is a so-called base stock list price (BSLP) policy (see Federgruen
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and Heching, 1999; Thowsen, 1975; Zabel, 1970). According to this policy every period there

is a pair of stock level and list price (y∗t , p
∗
t ). If the inventory level is below the base stock

level, it is increased to the base stock level and the list price is charged. If the inventory

level is above the base stock level, then nothing is ordered, and a price discount is offered.

When there is some non-convexity, for example, due to fixed ordering cost (Thomas

(1970), Chen and Simchi-Levi (2003), (2004a) and (2004b)) then the BSLP is no longer

optimal. Instead the seller should use (s, S, p) or (s, S, A, p) policies depending on the class

of demand functions. Under (s, S, p) policy, whenever the current inventory level it falls

below st the seller should repurchase inventories up to level St. If it > s then the seller

orders nothing and charges price p(it). Policy (s, S, A, p) is similar to (s, S, p) except that

the seller should repurchase inventory if it < st or if it belongs to a particular interval

At ⊂ [st, (st + ST )/2]. Importantly, for firms following these policies the optimal price, p(it)

does not have to be a non-increasing function of the inventory level. This is also true if

capacity constraints are introduced as in Chan et al. (2006). In the discussion in Section

4.4 we will relate our results to these pricing models.

3 Methodology

The basis for the analysis of anticipated and unanticipated oil price changes is found in

papers by Tang and Hammoudeh (2002) and Hammoudeh (1996) who develop an oil-price

target zone model. These authors explicitly model predicted and unpredicted (stochastic)

components in oil demand and supply. As a result, the oil price includes an unpredicted term

and a predicted term representing market participants’ anticipation of OPEC intervention.6

Tang and Hammoudeh (2002) present empirical support for the oil-price target zone model.

We follow the literature on the oil-price target zone model and assume that some changes

in oil prices are anticipated by refineries while some other changes are not. For example,

anticipated changes in oil prices can be caused by such factors as seasonal fluctuations

6Hammoudeh and Madan (1995) argue that under ”normal conditions” the oil market participants form
expectations that may even cause a turnaround in the market in anticipation of OPEC’s intervention.
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or outcomes of OPEC meetings.7 Unanticipated changes can be caused by unexpected

variations in demand and/or non-OPEC related shocks such as the hurricane Katrina or

wars in oil rich regions.

One novel feature of our model is that it also includes inventory data. This is done for

several reasons. Most importantly, including inventory data enables us to test the conjecture

that the adjustment of inventory levels caused by changes in prices might have a feedback

effect on oil and gasoline prices. The theoretical literature does not consider this effect

since due to the complexity of the problem it operates in the partial equilibrium framework.

However, the existence of such an effect is possible and in fact, as we show it does present in

the data. Another reason for including inventories into the model is that it helps evaluate the

role of the cost adjustment hypothesis in a lagged response of gasoline prices. As noted in

Borenstein and Shephard (2002, p. 120): “the most obvious way to test for supply adjustment

cost effects is to examine the behavior of inventories and output as cost shocks are realized”.

And finally, the inventory level is a very important decision variable for refineries and is

commonly used as a choice variable in the theoretical literature.8

3.1 The econometric model

To separate the effects of anticipated and unanticipated shocks we modify the Cochrane

(1998) approach who investigated how the VAR-based measures of the money effect on

output change as one varies the relative effects of anticipated/unantitipated money. Let

4gt = gt − gt−1 be a change in gasoline prices between periods t and t− 1, 4ot be a change

in crude oil prices and 4Jt be a change in gasoline inventory. We will treat positive and

negative changes separately and so we define 4o+
t as max{4ot, 0}, 4o−t as min{4ot, 0} and

variables 4J+
t and 4J−t are defined similarly. The anticipated shock is defined as Et−14o+

t

for positive changes and as Et−14o−t for negative changes. An unanticipated shock is defined

as the difference between the total shock and the anticipated shock. For example, for positive

7Wirl and Kujundzic (2004) analyze the possible impact of OPEC Conference outcomes and suggest that
sufficient information about the possible OPEC Conference outcome is leaked prior to a meeting.

8In fact, in some papers this is the only choice variable (e.g. Hall and Rust, 2006).
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changes the unanticipated shock is defined as 4o+
t − Et−14o+

t .

When both anticipated and unanticipated shocks have the same effect on gasoline prices

then the sum of the two becomes a total change, 4o+
t . We can write then the following

model, which is referred to in the literature as the error correction model, or ECM (see Frey

and Manera, 2007, for survey):

4gt = a∗(L)4o+
t + d∗(L)4o−t + b∗(L)4gt−1 + γ+EC+

t−1 + γ−EC−
t−1 + et. (1)

Here a∗(L), b∗(L) and d∗(L) are lag polynomials so that, for example, a∗(L) = a∗0+
∑q

i=1 a∗i L
i.

Terms EC+
t−1 and EC−

t−1 are error correction terms.

In model (1), changes in 4o+
t and 4o−t may be anticipated or unanticipated and there

is no mechanism to decompose the effect of changes in oil price increases and decreases

into anticipated and unanticipated price changes. The structural parameters in a∗(L) and

d∗(L) measure the response function of gasoline prices to a combination of anticipated and

unanticipated changes in crude oil prices.

Model (1) has proved to be a popular choice for the analysis of gasoline markets. Boren-

stein et al. (1997) employ similar framework to analyze the fluctuations in gasoline and oil

prices. Johnson (2002) uses (1) to examine the search cost explanation for the long lags in

the response of gasoline prices to oil prices. The same approach was followed by Radchenko

(2005a) who introduced Markov switching in polynomials a∗(L) and d∗(L). Godby et al.

(2000) use the error correction threshold autoregressive model, which is similar to the ECM,

to investigate the Canadian retail gasoline market. Galeotti, Lanza, and Manera (2003)

employ an error correction model to analyze the European gasoline markets. The struc-

tural parameters a∗(L) and d∗(L) are used to construct the cumulative response function of

gasoline prices to changes in crude oil prices.9

Alternatively, we could a write model that assumes that gasoline prices respond only to

9See Borenstein et al. (1997) and Johnson (2002) for the details of how to recover the gasoline response
to oil prices based on the parameters a∗(L).
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unanticipated oil price changes:

4gt = a∗(L)(4o+
t − Et−14o+

t ) + d∗(L)(4o−t − Et−14o−t ) + b∗(L)4gt−1 + et. (2)

Unlike model (1), in which the change in 4o+
t and 4o−t may be anticipated or unanticipated

and gasoline prices respond to both types of changes in the same way, gasoline prices in model

(2) respond only to unanticipated oil price changes. The parameters of the polynomials a∗(L)

and d∗(L) can be used to construct the response of gasoline prices to unanticipated changes

in crude oil prices. Empirically, the analysis of model (2) is conducted using the VAR

framework because an autoregressive polynomial may be represented as a moving average

(MA) polynomial which allows a researcher to estimate the response of the variable of interest

to unanticipated changes in other variables. The analysis of gasoline markets in the VAR

framework (2) was conducted by Borenstein and Shepard (2002) and Radchenko (2005b).

We add two features to the models discussed above. First, we allow for anticipated

and unanticipated shocks to have different impact on gasoline prices. Second, we introduce

the gasoline inventory variables into the model. To allow for anticipated and unanticipated

changes to have different effects we assume that positive oil price changes affect gasoline

prices via term

λ4o+
t + (1− λ)(4o+

t − Et−14o+
t ).

Similar expression can be written for negative oil price changes. When λ = 0 the term above

reduces to unanticipated shock 4o+
t − Et−14o+

t as in (2). When λ = 1 the term above

becomes 4o+
t as in (1).

We can consider, therefore, the following model:

4gt = a∗(L)[λ4o+
t + (1− λ)(4o+

t − Et−14o+
t )] + d∗(L)[λ4o−t

+(1− λ)(4o−t − Et−14o−t )] + b∗(L)4gt−1 + γ+EC+
t−1 + γ−EC−

t−1 + et. (3)
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Model (3) is sufficiently general to nest both VAR (when λ = 0) and ECM (when λ = 1)

frameworks. Furthermore, having parameter λ allows for anticipated and unanticipated

shocks to have different effects. When λ = 0 it is interpreted that only unanticipated shocks

matter. As λ increases from 0 to 1 it is interpreted that the restriction on the equal effect

of anticipated and unanticipated oil price changes becomes more binding. When λ = 1 it

means that the restriction on positive shocks is binding, that is both positive anticipated

and positive unanticipated changes have the same effect.10

To provide further generality we assume that the difference in responses to anticipated

and unanticipated shocks can be different for positive and negative shocks. Put it simply,

instead of using one parameter λ we introduce two parameters λ+ and λ− so that our model

becomes

4gt = a∗(L)[λ+4o+
t + (1− λ+)(4o+

t − Et−14o+
t )] + d∗(L)[λ−4o−t

+(1− λ−)(4o−t − Et−14o−t )] + b∗(L)4gt−1 + γ+EC+
t−1 + γ−EC−

t−1 + et.

The second feature that we add is we introduce gasoline inventory variables into the

model so that it becomes

4gt = a∗(L)[λ+4o+
t + (1− λ+)(4o+

t − Et−14o+
t )] +

d∗(L)[λ−4o−t + (1− λ−)(4o−t − Et−14o−t )] +

m∗(L)[λ+4J+
t + (1− λ+)(4J+

t − Et−14J+
t )] +

n∗(L)[λ−4J−t + (1− λ−)(4J−t − Et−14J−t )] +

b∗(L)4gt−1 + γ+EC+
t−1 + γ−EC−

t−1 + et. (4)

Compared to the previous formulation we add two new terms — those multiplied by m∗(L)

and n∗(L) — to capture the impact of gasoline inventories shocks on gasoline prices.

10Equation (3) uses the sum of total and unanticipated changes. Alternative, though equivalent way would
be to use the weighted sum of anticipated and unanticipated shocks. While both ways are essentially the
same we opted for the first one. The reason is that our formulation naturally generates a continuum of
models with two very commonly studied (VAR and ECM) being at the two extremes of the spectrum.
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3.2 Estimation Procedure

The estimation of model (4) consists of two steps. In the first step we adopt Cochrane’s

(1998) identification scheme to recover the structural parameters of lag polynomials, such

as a∗(L), based on the estimates of the reduced VAR model. Then we use the results of the

first step to estimate values of λ+ and λ−.

When applying the VAR methodology we order the variables as [4o+
t , 4o−t , 4J+

t , 4J−t ,

4gt] which reflects the following assumption about the timing of the variables. We assume

that oil prices have a contemporaneous effect on both inventory level and gasoline prices,

the inventory level has a contemporaneous effect on gasoline prices and, finally, gasoline

prices effect oil prices and gasoline inventory with a lag. Such ordering is consistent with

theoretical models used in the literature, where it is usually assumed that oil prices are given

exogenously. As for inventory and gasoline prices, they are either determined simultaneously

by a firm, or the latter is determined exogenously given a firm’s inventory decision (see Hall

and Rust, 2002). Given the importance of variable orderings for the VAR methodology

we also check the sensitivity of results for alternative orderings and find that they are not

substantially affected when other variable orderings are used.

To construct orthogonalized impulse responses using the Cholesky decomposition, we

estimate the VAR model with oil and gasoline prices and gasoline inventory and obtain the

following MA representation:




4o+
t

4o−t

4J+
t

4J−t

4gt




=




co+o+(L) co+o−(L) co+j+(L) co+j−(L) co+g(L)

co−o+(L) co−o−(L) co−j+(L) co−j−(L) co−g(L)

cj+o+(L) cj+o−(L) cj+j+(L) cj+j−(L) cj+g(L)

cj−o+(L) cj−o−(L) cj−j+(L) cj−j−(L) cj−g(L)

cgo+(L) cgo−(L) cgj+(L) cgj−(L) cgg(L)







eo+t

eo−t

ej+t

ej−t

egt




, (5)

where E(ete
′
t) = I, et = [ eo+t eo−t ej+t ej−t egt ]′. The polynomial cgo+(L) represents

the adjustment of gasoline prices to the normalized shock in oil price increase series, cgo+(L) =

cgo+,0 + cgo+,1L + cgo+,2L
2 + ..., and other polynomials are defined similarly.
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To identify the parameters of lag polynomials a∗(L), d∗(L),m∗(L) and n∗(L) for one needs

to substitute the moving average representation for 4gt from model (5) into model (4) and

equate the coefficients on the error term. For example, for the response of gasoline prices to

an unanticipated shock in oil price increase series, we obtain

cgo+(L) = a∗(L)(λ+co+o+(L) + (1− λ+)co+o+(0)). (6)

To obtain equation (6), note that the VAR response of 4gt to the unanticipated oil price

change is 4gt = cgo+(L)eo+t, the VAR response of 4o+
t to the unanticipated oil price change

is 4o+
t = co+o+(L)eo+t and 4o+

t − Et−1o
+
t = co+o+(L)eo+t − Et−1[co+o+(L)eo+t] = co+o+(0).

One may match powers of L in equation (6) to recover the {a∗j} from {cgo+,j} and {co+o+,j}:

a∗0 =
cgo+,0

co+o+,0

; a∗j =
cgo+,j − λ+ ∑j−1

k=0 a∗kco+o+,j−k

co+o+,0

, j > 0. (7)

This procedure can be straightforwardly modified to find the adjustment of gasoline prices

to unanticipated increases and decreases in gasoline inventory.

Next we show how to recover the parameters of lag polynomials when the change is

anticipated using polynomial a∗(L) as an example. When a change in oil price increase

series is anticipated, then equation (6) becomes

cgo+(L) = ã∗(L)λ+co+o+(L). (8)

One may match powers of L in equation (8) to recover the {ã∗j} from {cgo+,j} and {co+o+,j}:

ã∗0 =
cgo+,0

λ+co+o+,0

; ã∗j =
cgo+,j − λ+ ∑j−1

k=0 ã∗kco+o+,j−k

λ+co+o+,0

, j > 0. (9)

Note from equation (9) that the response of gasoline prices to positive anticipated oil price

changes is not defined when λ+ = 0, since when λ+ = 0 only unanticipated positive oil price

shocks have effect. Also note that while ã∗0 = 1
λ+ a∗0 the response to anticipated oil price
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changes ã∗j , j ≥ 1, is not simply proportional to the response to unanticipated oil prices

changes a∗j , j ≥ 1. Indeed, one can easily see that for one-period ahead responses to a

positive unanticipated shock, a∗1, and a positive anticipated shock ã∗1:

a∗1 =
cgo+,1 − λ+a∗0co+o+,1

co+o+,0

, ã∗1 =
cgo+,1 − a∗0co+o+,1

λ+co+o+,0

=⇒ ã∗1 6=
1

λ+
a∗1.

Thus the response to positive anticipated and unanticipated oil price changes depends on

the value of λ+ and on the magnitude and sign of parameters in polynomials cgo+(L) and

co+o+(L). Naturally, similar reasoning is applicable to responses to negative shocks.

We estimate λ+ and λ− from the following model:

4gt = a(L)[λ+4o+
t + (1− λ+)uo+t] + d(L)[λ−4o−t + (1− λ−)uo−t]

+m(L)[λ+4J+
t + (1− λ+)uj+t] + n(L)[λ−4J−t + (1− λ−)uj−t] +

+b(L)4gt−1 + γ+EC+
t−1 + γ−EC−

t−1 + et, (10)

where uo+t = 4o+
t − (Et−14o+

t )I(4ot>0), uo−t = 4o−t − (Et−14o−t )I(4ot<0) and IA is the

indicator variable that takes on value one if the condition A is satisfied. Series uj+t and uj−t

are defined similarly to uo+t, uo−t but for gasoline inventories. In other words, we obtain

model (10) from model (4) by taking the estimated residuals from (5) and using them as

proxies for unanticipated changes in oil price increases and decreases (uo+t and uo−t) and

gasoline inventory increases and decreases (uj+t and uj−t). When estimating λ+ and λ− we

explicitly impose the restriction that both λ’s are between 0 and 1.

The two final remarks are that, first, using the residuals from the VAR model implies

that we assume that market participants also use the VAR model to form the forecasts of

oil price and gasoline inventory changes. Second, using residuals from model (5) can lead

to a generated regressor problem, making standard errors and test statistics inconsistent.

Potentially this can be problematic since generated regressor problem makes standard errors

larger and therefore the effects that are significant will appear insignificant. However, as
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it will turn out the effects we are interested in this paper are significant and so we do not

adjust standard errors in our calculations.

3.3 The difference in VAR and ECM gasoline responses

The calculations we made in the previous section can be used to explain why in the literature

it has been often reported that error-correction models and VAR produce different responses

of gasoline prices. For example, to analyze the relationship between oil price volatility and

the gasoline price asymmetry, Radchenko (2005b) constructs several proxies for asymmetry

in the gasoline response and finds that the constructed proxies are different for the error-

correction and VAR models. Balke, Brown, and Yücel (1998) consider several alternative

model specifications for the asymmetry analysis of gasoline prices. The authors find that

results are puzzling because different models produce different evidence on asymmetry.

To understand the difference between the ECM and VAR results, notice that for the

model in which the effect of anticipated and unanticipated oil prices changes is the same

(λ+ = λ− = 1), equation (6) simplifies to

a∗(L) =
cgo+(L)

co+o+(L)
, (11)

which is the response of gasoline prices to crude oil price changes recovered from estimation

of the ECM. If one estimates the VAR model (λ+ = λ− = 0), one recovers the adjustment

of gasoline prices to an oil price innovation eo+t

a∗(L) =
cgo+(L)

co+o+(0)
. (12)

Notice that gasoline responses in (11) and (12) are different. Intuitively, the two models

produce different results because of the implicit difference in kinds of oil price shocks to

which gasoline prices respond. While the VAR model measures the responses of gasoline

prices to unanticipated oil price changes only, the ECM measures the responses of gasoline
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prices to some kind of weighted average of both anticipated and unanticipated oil price

changes restricting both kinds of oil price movements to have the same effect on gasoline

prices.

4 Data and Results

4.1 Data Description

Weekly data on gasoline inventories, retail gasoline prices and crude oil prices have been ob-

tained from US Department of Energy for the period from March 1991 to March 2010 avail-

able at http://tonto.eia.doe.gov/. The Department’s US average weekly retail gasoline

price is for Monday of each week, while the average weekly gasoline inventory level is for

Thursday of each week. Data have been deseasonalized by running a regression on weekly

dummy variables.11

Retail prices include taxes which may raise a problem if there were any significant gasoline

tax fluctuations over the time period considered. While there were no significant movements

in state average taxes, federal tax rates on gasoline increased from 14.1 cents per gallon to

18.4 cents per gallon on October 1, 1993.12 To check for the effect of this increase on the

parameter estimates, we have included a dummy variable into the regression model. The

dummy variable takes on a value zero before October 1, 1993 and a value one otherwise.

The empirical results are robust to the inclusion of this tax dummy variable. Given that it

is insignificant, we omit it from the model estimation that is presented.

Another potential concern is inflation. The time period in estimation is from March 1991

until March 2010. With the exception of 2009 where the inflation plummeted to -0.34% the

inflation rate varied between 1.54 % and 4.2% on an annual basis. The analysis is restricted

to differences in the log levels of oil and gasoline prices and gasoline inventory rather than

the log levels of prices so that inflation biases do not accumulate and the biases should not

11Results are similar if no deseasonalization is applied.
12One may check federal tax rates on motor fuels at http://www.fhwa.dot.gov/ohim/hs00/fe101a.htm and

state motor-fuel tax rates at the following webpage: http://www.fhwa.dot.gov/ohim/hs00/mf205.htm.
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be severe.

The model estimation was performed using log-differenced data in the VAR model esti-

mation, implying a simple percent mark-up rule for margins.13 This, in turn, implies that

crude-gasoline margins increase with the price of crude oil. To test the robustness of the

estimates to a change in a functional form of the data,14 we have estimated the model with

differenced data without log transformation and we have found the results to be similar

across the two specifications. Therefore, we report the empirical results only for the log-

differenced specification of the model. Log-differencing of the data also makes all variables

in the model stationary.

4.2 The response of gasoline prices to oil price changes in VAR

and ECM models

For illustrative purpose in this section we show the estimation of gasoline prices responses in

the two extreme cases when both λ’s are set equal to 1 (the ECM case) and to 0 (the VAR

case). The pattern of gasoline price responses is displayed in Figure 1.

The response of gasoline prices to anticipated and unanticipated oil price and inventory

fluctuations are identical for λ+ = λ− = 1, an ECM model. This is because in this model

there is no difference between the effect of those price changes and they are assumed (re-

stricted) to have the same effect by construction. The response of gasoline prices seems

to have a slight hump-shaped form: the initial increase in gasoline prices is followed by a

decline in the price level. For a positive shock in the oil price, gasoline prices adjust almost

completely to the estimated long-run equilibrium during the first four weeks.15 The long-

run equilibrium passthrough rate for these data (φ1) is estimated to be 0.55. The gasoline

response function to oil price hits this value after five weeks and then after a slight further

increase it returns to 0.55 on the tenth week.16 In similar model Borenstein et al. (1997)

13One may check Borenstein et al. (1997) for more details.
14Borenstein, Cameron and Gilbert (1997) and Johnson (2002) argue that a use of data in levels in

estimation of the long-run equilibrium relationship between crude oil and gasoline price is more appropriate.
15Because we construct cumulative responses, they do not have to converge to zero in the long-run.
16When the long-run equilibrium relation is estimated using levels of oil and gasoline prices instead of logs,
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report the adjustment in ten weeks.

The response of gasoline prices to a shock in the oil price decrease series is significantly

smaller and incomplete. The cumulative decline of gasoline prices in the long-run to a

negative shock in oil prices is 0.29. The 90% confidence interval around the difference between

the response of gasoline price to oil price increase and decrease is statistically significant

which supports the asymmetry in the adjustment of gasoline prices to shocks in oil prices.17

The responses of gasoline prices to changes in oil prices in the model with λ+ = λ− = 0,

a VAR model, are different. The most important difference is that now the gasoline prices,

presented in Figure 1, react only to unanticipated oil price and inventory changes and remain

unchanged if an oil price change is anticipated. Similar to the ECM model the response of

gasoline prices to shocks in inventory increases and decreases is asymmetric. As before, the

response to the positive shock is stronger than a response to the negative shock. On the

other hand, when looking at the responses to oil price increases and decreases we see that in

contrast to the ECM case the two are more comparable. While in the short-run, the response

to positive change is slightly stronger, eventually the difference becomes insignificant.

4.3 Results

In this section we present estimation results and describe relevant tests that we performed

to support our claims. We postpone interpretation and discussion of the results to Section

4.4.

In estimation of model (10), we used AIC to determine the number of lags. For ∆o+
t , ∆o−t ,

the estimated passthrough rate is 1.028 which is close to the previously reported estimates. To estimate the
passthrough rate, we run the following regression model:

ln gt = φ0 + φ1ln ot + φ2TIME + εt

where the variable TIME represents the time trend and εt is a white noise process. The long-run relation of
this form is standard in the literature and was used, for example, by Borenstein et al. (1997) and Johnson
(2002).

17To save the space, we do not present the 90% confidence interval for the difference between the response
of gasoline price to oil price increase and decrease for λ+ = λ− = 1. We do, however, show the 90%
confidence intervals to test asymmetry in the response of gasoline prices to increases and decreases in oil
price and gasoline inventory for empirically estimated values of λ’s.
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∆J+
t and ∆J−t the numbers of lags included were 5, 4, 3 and 5 respectively. The number

of lags for gasoline prices was five. The estimated value of λ+ is 0.58 and the estimated

value of λ− is 0.80. The standard deviations are 0.0032 and 0.0031 respectively and both

parameters are statistically different from 0 and 1 (p-values are 0.000 for both hypothesis).

The hypothesis H0 : λ+ = λ− is also rejected with 1% confidence.

Rejecting the null hypothesis H0 : λ+(λ−) = 0 is equivalent to rejecting the null hypoth-

esis that gasoline prices respond only to unanticipated changes in oil prices and gasoline

inventory. Rejecting the null hypothesis H0 : λ+(λ−) = 1 implies that anticipated and unan-

ticipated changes in oil prices and gasoline inventory have significantly different effects on

the dynamics of gasoline prices.

Result 1: The result of estimating model (10) is that λ+ = 0.58 and λ− = 0.80. Both

parameters are significantly different from 0 and 1 and from each other. In particular, we

conclude that both anticipated and unanticipated shocks have an effect on gasoline prices and

that their effects differ.

Once we have established that anticipated and unanticipated changes in oil prices and

gasoline inventory produce different effects on gasoline prices, we examine the differences in

the response of gasoline price to anticipated and unanticipated changes. Figure 2 presents

the constructed responses of gasoline prices to anticipated and unanticipated changes in oil

prices and inventory levels for the estimated values of λ+ = 0.58 and λ− = 0.80 together

with 90% confidence intervals.

Our first finding is that the response of gasoline prices to anticipated oil price changes is

stronger in magnitude and faster than to unanticipated changes in oil prices. For example,

in response to an anticipated 1% change in oil prices, gasoline prices change by as much as

0.24 - 0.52% during the first week and by 0.37 - 0.92% during the first four weeks. Here

the smaller numbers (0.24% and 0.37%) are changes caused by a decrease in oil prices, the

bigger numbers are changes caused by an increase. We also see that gasoline prices over-

adjust in response to the anticipated oil price increase and the long-run response is greater

than the long-run equilibrium (0.55%). In response to an anticipated oil price decrease the
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adjustment is incomplete.

In contrast, the response of gasoline price to 1% unanticipated oil price change is slow

and is equal to 0.31 - 0.53% in first four weeks after a shock. The complete adjustment of

gasoline price to a long run equilibrium value for unanticipated changes occurs only for oil

price increases with a lag of three-four weeks and the adjustment of gasoline price to an

unanticipated decline in oil price is incomplete.

Figure 3 presents a formal test for the difference in the effect of anticipated and unan-

ticipated changes in ∆o+ and ∆o− for λ+ = 0.58 and λ− = 0.80. The figure shows

the estimated differences between the responses to anticipated and unanticipated changes

with the 90% confidence interval. The difference for an oil price increase is defined as

AU o+

i = gA,o+

i − gU,o+

i , i = 0, 1, ..., 14, where gA,o+

i and gU,o+
denote the response of gasoline

prices to an anticipated and unanticipated increase in oil price i periods after the shock. The

difference for an oil price decrease AU o− is defined similarly.

We construct confidence intervals using a bootstrap procedure. If the response of gasoline

price to anticipated and unanticipated changes is the same, the estimated differences AU o+

i

and AU o−
i would be close to zero and the 90% confidence intervals around them would

contain zero. However, Figure 3 shows that the lower bound of the confidence interval is

positive, which means that anticipated shocks have a significantly larger effect on gasoline

prices than unanticipated shocks.

Another interesting observation that follows from Figure 3 is that while the difference

between anticipated and unanticipated shocks is statistically significant for both positive

and negative changes it is much larger for the positive changes. If the difference for negative

change is only 0.05% the difference for positive change is much higher at 0.41% level.

Result 2: The response to anticipated change in oil prices is stronger in magnitude and

faster than to an unanticipated change. This difference in responses is statistically significant.

Figure 4 provides a formal test for the asymmetry in the effect of increases and de-

creases in oil prices on the dynamics of gasoline price. The figure depicts the estimated

difference between the responses of gasoline price to oil price increases and decreases with
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90% confidence intervals. Similarly to the differences between anticipated an unantici-

pated changes in oil prices, the difference for an anticipated price change is defined as

PMA,o
i = gA,o+

i − gA,o−
i , i = 0, 1, ..., 14, where gA,o+

i and gA,o−
i are defined as before. The

difference for an unanticipated oil price change PMU,o
i is defined similarly. If there is no

asymmetry in the response of gasoline price to oil price increases and decreases, the esti-

mated differences PMA,o
i and PMU,o

i should be close to zero and the 90% confidence interval

should contain zero. Consistent with the majority of papers testing asymmetry in the re-

sponse of gasoline prices to oil price increases and decreases, we find that gasoline prices

respond significantly faster and stronger to an oil price increase than an oil price decrease.18

This asymmetry is valid for both anticipated and unanticipated shocks.

Result 3: There is an asymmetry in the response of gasoline prices to oil price increases

and decreases. A response to a positive oil shock is faster and stronger than to a negative

shock. The asymmetry is statistically significant.

Next we turn our attention to the response of gasoline prices to changes in gasoline

inventories. The impulse response functions for the estimated values of λ+ = 0.58 and

λ− = 0.80 can be seen on Figure 2. As we see, the response of gasoline prices has an

expected negative sign (see Section 4.4 for the discussion) that is an increase in gasoline

inventory leads to a statistically significant decline in gasoline prices both in the short- and

the long-run. A decrease in gasoline inventory increases gasoline prices but only in the

short-run.

Figure 2 suggests that the response of gasoline prices to positive anticipated changes

in inventories is stronger and faster than the response to positive unanticipated changes.

We test the significance of the difference in the last two charts of Figure 3. The testing

methodology is similar to the one we used for Result 2. We define gA,J+

i as the response of

gasoline price to an anticipated increase in gasoline inventory i periods after a shock, and

define gA,J−
i , gU,J+

i and gU,J−
i in a similar manner. Then we calculate AUJ+

i = gA,J+

i − gU,J+

i

18One may refer to the results and references in papers by Bacon (1991), Borenstein et al. (1997), Galeotti
et al. (2003), Peltzman (2000).
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and AUJ−
i = gA,J−

i −gU,J−
i for i = 0, 1, . . . , 14 and using the bootstrap procedure we construct

90% confidence intervals.

We find that the difference between the effect of anticipated and unanticipated inven-

tory changes depends on whether gasoline inventory increases or decreases. For a gasoline

inventory increase, AUJ+

i is statistically significant both in the short run and long run, while

AUJ−
i is statistically significant only in the short run (for the first 6-7 weeks) and converges

to zero in the long run.

Result 4: The response to an anticipated change in gasoline inventory is stronger than

the response to an unanticipated change. This difference is statistically significant.

Another interesting finding of the paper is an asymmetry in the response of gasoline

prices to changes in gasoline inventories. We test for the asymmetry in Figure 4. The

figure depicts the estimated differences between the responses of gasoline price to gasoline

inventory increases and decreases with the 90% confidence intervals around them. PMA,J
i

and PMU,J
i are defined similarly to PMA,o

i and PMU,o
i . We can observe that increases in

gasoline inventory have a stronger effect on gasoline prices than decreases in inventory. Based

on the estimated confidence intervals, we conclude that the asymmetry between effects of

inventory increases and inventory decreases is statistically significant. To our knowledge,

this result has not been reported in the literature before.

Result 5: There is an asymmetry in the response of gasoline prices to positive and

negative changes in gasoline inventories. The response to an increase in inventory level is

stronger. This asymmetry is statistically significant.

Figure 5 presents the response of gasoline inventory to increases and decreases in gasoline

and oil prices. The effect of oil price shocks on inventories is mostly insignificant except for

the first one-two weeks when it is marginally significant. In response to a positive gasoline

price shocks the inventory levels significantly increases in the long-run. This occurs for

both anticipated and unanticipated shocks. As we argue in Section 4.4 this observation is

consistent with theoretical models of dynamic pricing.
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Result 6: The positive shock on gasoline prices have a significantly positive effect on

inventory level. Oil shocks have insignificant effect on inventory levels.

In Figure 6 we present the response of oil price to changes in gasoline price and gasoline

inventory increases and decreases. Most theoretical models assume that costs are exogenous

whereas gasoline prices and inventory levels are endogenously determined given costs. How-

ever, as Figure 6 suggests changes in gasoline inventory do have a significant effect on the

dynamics of oil price. Moreover, there is an asymmetric effect of increases and decreases in

gasoline inventory levels on oil prices. Both anticipated and unanticipated negative shocks to

gasoline inventories have a statistically insignificant effect on oil prices. However, a positive

shock to gasoline inventory leads to a statistically significant and large decline in oil prices.

The effect of gasoline price on the oil price dynamics is small and only marginally signif-

icant during the second week after a shock to a gasoline price confirming our expectations

that changes in oil price are exogenous with respect to changes in the gasoline price.

Result 7: The effect of gasoline prices on oil prices is only marginally significant. The

positive inventory shock leads to significant decrease in oil prices. The negative inventory

shock has insignificant effect.

4.4 Discussion

In this section we will interpret some of the qualitative features of impulse response functions

and will relate them to the dynamic pricing theories described in Section 2.2. We will first

look at the signs of the response functions, then we will compare responses to anticipated

and unanticipated shocks and, finally, we will discuss asymmetry of responses to positive

and negative shocks.

Looking at the signs of the response functions we see that most of the time they are very

intuitive. For instance, an increase in oil prices leads to an expected increase in gasoline

prices as shown on the top two charts of Figure 2. Another intuitive result is that decrease

in inventories leads to an increase in gasoline prices as follows from the bottom charts on
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Figure 2. The intuition here is that what appears as an inventory shock in our data is

most likely to be a demand shock. A positive demand shock, for example, would become a

negative inventory shock and cause gasoline prices to go up which is what we observe.

Figure 5 shows the effect of oil and gasoline shocks on inventories. Oil shocks, both

positive and negative, have insignificant effect on inventories except for the first couple of

weeks where they are marginally significant. As for the response to gasoline shock, at first,

inventory level insignificantly drops down and then it permanently increases.19

This behavior is consistent with analytical models suggested in the literature. For exam-

ple, if refineries follow the BSLP policy then the only reason for a gasoline price to increase is

when the inventory level falls below the optimal level. Whenever it happens, firms purchase

more inventories and increase the price to the list price level. Thus increases in prices are

accompanied by inventory increases and this is what we observe here. In the case of (s, S, p)

policies the relationship between the price and inventory levels is more complicated. How-

ever, importantly the gasoline prices are not necessarily negatively related to the inventory

levels. Consequently, results of Figure 5 are not in odds with (s, S, p) policies.

Another explanation for a positive relationship between inventories and gasoline prices

comes from models with capacity constraints. In this case, refineries might be willing to

increase inventory level by charging higher price during “weak” demand periods in order to

have sufficient inventory during “strong” demand periods (Chan et al. (2006), Elmaghraby

and Keskinocak (2003)).

Finally, on Figure 6 we show how oil prices are affected by inventories and gasoline price

shocks. There is little theoretical guidance in how to interpret the results, given that in

most analytical models the oil prices would be considered exogenously given. Figure 6 shows

that an increase in gasoline prices has a small and marginally significant effect during the

second week after a shock. There are two possible interpretations of this. First and most

likely, gasoline prices indeed have little effect on oil prices. Second, when the positive shock

19Notice that there is no contradiction between Figure 2 where gasoline response to inventory shock is
negative and Figure 5 where inventory response to gasoline shock is positive. The reason is that as mentioned
before the inventory shock in our model is most likely to be caused by a demand shock.
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of gasoline prices is caused by an increase in demand, it naturally leads to an increase in

demand for oil and thus to higher oil prices.

The positive shock to inventory levels has more substantial effect on oil prices and to

our knowledge this finding has not been reported in the literature. A simple intuition would

suggest that this indeed should be the case, since when refineries have higher inventory level

they may decrease the demand for oil which would create downward pressure on oil prices.

There is also some anecdotal evidence that supports the existence of this effect — we quote

a very recent example in the Introduction (see footnote 4).

Next, we turn our attention to the difference in responses to anticipated and unanticipated

shocks. First of all, it follows from our analysis that this difference exists: as we show the

responses differ both in terms of the timing and in terms of the magnitude. To be specific,

the response to unanticipated shocks is more delayed and is not as strong as the response to

anticipated shocks. The difference in timing provides evidence that supports the Borenstein

and Shephard’s argument that it is cost of production and inventory holding costs that are

responsible for lags in the adjustment of gasoline price. The reason is that the production

and holding costs can make it suboptimal for refineries to adjust immediately. However,

when the shock is anticipated refineries can start (and finish) the adjustment earlier which

makes the response to unanticipated shocks more delayed.

Interestingly, it appears that production and holding costs cannot entirely explain the

difference between anticipated and unanticipated responses, in particular, the fact that an-

ticipated response is much stronger. Indeed, depending on whether the cost structure is

convex or not, refineries will prefer to adjust either with many small or few big changes.

Consequently, we could expect that the response to the anticipated shock should be smaller

and shorter if the cost is convex, since refineries will start adjustment prior to anticipated

shocks. Alternatively, if the cost is non-convex there might be less of a difference in responses

to anticipated and unanticipated shocks. However, it is hard to think of a solely cost-related

reason that would make the anticipated response stronger, which is what we observe in the

data.
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It would go beyond the scope of this paper to identify precisely what is responsible for

such a difference in the strength of responses. One possible explanation could be learning.

Assume that there is some uncertainty regarding the shock. It could be uncertainty regarding

the strength of the shock, whether the shock is permanent or temporary, or even whether the

shock will occur (has occurred) or not. When the shock is unanticipated refineries can not

immediately learn all information relevant to the shock and so their response will be more

cautious. As for anticipated shocks, some information about them might become available

prior to the shock.20 Consequently, by the time of the shock refineries know more and their

response to the shock might be stronger and faster.

The final result that we would like to comment on is the asymmetry in the effect of

positive and negative shocks. First of all, we find that gasoline prices response significantly

faster and stronger to an oil price increase than to an oil price decrease. This result is

consistent with the majority of papers testing asymmetry in the response of gasoline prices

to oil price increases and decreases.

A new result that to our knowledge has not been reported in literature is that there is an

asymmetry in the response of gasoline prices to changes in gasoline inventories. In the short-

run, the effect of a negative inventory shock is almost three times smaller than the effect of

a positive shock. In the long-run, the adjustment of gasoline prices to a positive shock is

large and significant, while the adjustment to a negative shock is insignificant. One potential

explanation to that could be capacity constraints. When there is an unexpected increase

in gasoline inventories, refineries may be forced to decrease gasoline prices fast because of a

lack of spare inventory capacity and the high cost of decreasing production rapidly. On the

other hand, if there is a demand shock that leads to a decline in gasoline inventories then

refineries have an option of gradually increasing production to replenish gasoline inventory

without a need for big changes in price.

20For example, if at a particular day there is going to be an OPEC announcement then market participants
might have some information about its content prior to that day of the announcement.
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5 Conclusions

In this paper we apply an adjustment model that allows anticipated and unanticipated

shocks to have different effects. We estimate this model and show that anticipated shocks

lead to significantly stronger and faster responses than unanticipated shocks. For example,

the response of gasoline prices to an anticipated change in oil prices is fast and completed

within a week after the oil price change. On the other hand, the gasoline price response to

unanticipated oil price changes is slow and incomplete.

We use these findings to evaluate the cost of adjustment hypothesis for delays in the

gasoline price adjustment. On one hand, the fact that the response to an unanticipated

shock is more delayed provides evidence that supports the hypothesis. Indeed, production

and holding costs can make it suboptimal for refineries to adjust immediately. However,

when the shock is anticipated the refineries might start and complete the adjustment earlier

which would make the response to unanticipated shocks more delayed. On the other hand,

the fact that the response to the anticipated shock is much stronger is hard to reconcile with

the explanation that would be based solely on the cost considerations. It suggests that the

cost of adjustment hypothesis cannot be entirely responsible for the difference in responses

to anticipated and unanticipated shocks. We conjecture in the paper that refineries’ learning

about the shock might be partially responsible for this difference.

Another contribution of the paper is that in our analysis we include the gasoline inven-

tory variable into the estimated model. We find that there is a negative relationship between

gasoline inventory and gasoline prices. Gasoline prices increase (decrease) significantly af-

ter a decrease (increase) in gasoline inventory. This result is very intuitive given that the

most probable source of the inventory shock is actually demand shock. We also find that

changes in gasoline inventories have significantly asymmetric effect on gasoline prices and

that gasoline inventories have a “feedback” effect on oil prices. In particular, an increase in

gasoline inventories leads to a significant decrease in oil prices. These findings have not been

previously documented in the literature.

In sum, the obtained results present new evidence about the role of anticipated and unan-
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ticipated oil price and gasoline inventory changes on gasoline prices. The restriction about

the effect of anticipated oil price and gasoline inventory changes determines the adjustment

of gasoline prices. Future work should use a structural approach to analyze this question

further.
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Figure 1: Responses of gasoline prices to changes in the crude oil price and the gasoline
inventory level when λ+ = λ− = 1 and λ+ = λ− = 0. Responses to positive changes are
shown as lines with circles and responses to negative changes are shown as lines with crosses.
Dashed lines represent 90% confidence intervals for impulse response functions.

29



0 5 10 15
−1

−0.5

0

0.5

1

1.5

2
Oil −−> Gasoline: anticip. shock

0 5 10 15
−1

−0.5

0

0.5

1

1.5

2
Oil −−> Gasoline: unanticip. shock

0 5 10 15
−8

−6

−4

−2

0

2

Inventory −−> Gasoline: anticip. shock

0 5 10 15
−8

−6

−4

−2

0

2

Inventory −−> Gasoline: unanticip. shock

Figure 2: Responses of gasoline prices to changes in the crude oil price and the gasoline
inventory level given the estimated values of λ+ = 0.58 and λ− = 0.80. Responses to
positive changes are shown as lines with circles and responses to negative changes are shown
as lines with crosses. Dashed lines represent 90% confidence intervals for impulse response
functions.
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Figure 3: The estimated difference between the responses of gasoline prices to anticipated
and unanticipated changes in oil price and gasoline inventory with 90% confidence intervals
around them, λ+ = 0.58 and λ− = 0.80. The difference for an oil price increase is defined as

AU o+

i = gA,o+

i − gU,o+

i and i = 0, 1, ..., 14, where gA,o+

i denotes the response of gasoline price

to an anticipated increase in oil price i periods after a shock, gU,o+

i denotes the response of
gasoline price to an unanticipated increase in oil price i periods after a shock. The difference
for an oil price decrease AU o− is defined similarly to AU o+

. The differences AUJ+

i and
AUJ−

i for gasoline inventory are defined similarly to oil price. Dashed lines represent 90%
confidence intervals which are constructed using a bootstrap procedure.
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Figure 4: Asymmetry in the responses of gasoline price to increases and decreases in oil price
and gasoline inventory, λ+ = 0.58 and λ− = 0.80. The difference for an anticipated oil price

change is defined as PMA,o
i = gA,o+

i − gA,o−
i and i = 0, 1, ..., 14, where gA,o+

i and gA,o−
i are

defined in Figure 3. The difference for an unanticipated oil price change PMU,o
i is defined

similarly to PMA,o
i . The differences for anticipated and unanticipated changes in gasoline

inventory PMA,o
i and PMU,o

i are defined similarly to oil price. Dashed lines represent 90%
confidence intervals which are constructed using a bootstrap procedure.
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Figure 5: Response of gasoline inventory to increases and decreases in gasoline and oil prices.
Dashed lines represent 90% confidence intervals which are constructed using a bootstrap
procedure.
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Figure 6: Response of oil price to changes in gasoline price and gasoline inventory increases
and decreases. Dashed lines represent 90% confidence intervals which are constructed using
a bootstrap procedure.
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