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Abstract

The purpose of the paper is to provide a method to quantify the impact of promotions
for retailers. Using scanner data aggregated by category of an Italian hypermarkets chain,
the authors measure the promotional direct and cross-effectiveness on regular sales, in
short- and long-term, by means of a structural vector auto-regressive model. The empirical
results suggest that promotions in the heavy households category act as propulsive factor,
significantly increasing regular sales, while promotions in the perishables category
negatively influence the regular sales long-run dynamics.
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1. INTRODUCTION

It has been observed that in the last decades the marketing budget of packaged
goods companies moved away from media advertising towards promotions. As far
as promotion spending has grown, the main objective of this article is to provide
some insights about their impact in a twofold way: both in short- and long-term, and
on the retailers rather than manufacturers performance.

An extensive body of academic research has well established that the short-
term effect of consumer promotions on product sales is positive and substantial.
Promotions have a significant impact on consumers’ purchase decisions, increasing
the promoted-brand sales during the period of promotions. In contrast, the evidence
is conflicting about the long-term effect of promotion on sales and, at the same time,
implications on the relative performance of retailers are not widely investigated.

To this aim, the paper is organized as follows. In Section 2, a review of the
main literature on these topics is briefly discussed. In Section 3, the methodology
of structural autoregressive approach and the associated impulse response functions
as suitable methods for quantifying the promotional effects are traced. In Section
4, we introduce the data set characteristics and discuss the empirical results. Finally,
some concluding remarks with managerial implications are given in Section 5.
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2. CONSUMER PROMOTIONS TO RETAILER

The research stream on promotions has largely been developed since the
1970s. Effects of promotions on consumer purchase decision aspects have been
investigated, such as brand choice, purchase time and quantity, brand loyalty and
brand switching  (see, among others, Bemmaor and Mouchoux, 1991; Ehrenberg,
1972; Ehrenberg et al., 1994; Guadagni and Little, 1983; Gupta, 1988; Imman et
al., 1990; Nijs et al., 2001; Schoemaker and Shoaf, 1977). The interested reader
may refer to Blattberg et al. (1995) and East (1997) for a synthesis of empirical
generalizations about promotions and a basic list of references. Most of this
research concerns the impact of promotions on the sales of a brand, and therefore
on the manufacturer gains, which come from brand-switching and/or primary
demand expansion. The attractiveness of promotions to the retailers is more
intricate to assess; it depends on category interdependencies and on the store traffic
implications. To give an example of the disaligned interests it may be considered
that the effects of promotions on sales originate from brand switching, stockpiling
or increased consumption. The primary effect of promotional bump is due to brand
switching, measured by Gupta (1988) around the 84% of the whole, and by more
recent studies not as large as previously thought but prominent. This part, which is
the most, does not benefit retailers as manufacturers at all.

In the paper, the attention is posed on how promotions influence retailer
performance. There is little empirical work on the evidence of the impact of
promotions on store traffic, sales and profits, as pointed out by Blattberg et al.
(1995). The wisdom that sales of promoted items stimulate sales of non-promoted
ones is not supported by experimental data analysed using a latent variables
structural equations model (Walters and MacKenzie, 1988). At the same time, the
impact of advertised promotional strategies to attract customers, measured by
means of a time series intervention analysis, has been found to increase sales but
not to affect store traffic (Mulhern and Leone, 1990). It should be remarked that, in
this setting, the promotional impulse has a deterministic nature. Recently, the
effects of feature promotions on store traffic and sales under the moderating impact
of the main socio-demographic factors, store and competition characteristics have
been analysed in great length by Gijsbrechts et al. (2003) within a micro-marketing
context. They identify the focal importance of the composition of the store flyers
on the short-term store traffic and total sales; these are affected by discount depth,
private label features and a surprise element on the cover page. Finally, in a large-
scale econometric investigation of the effects of price promotions on retailers
through persistence models, Srinivasan et al. (2004) find a small effect on store
revenue and store traffic, a slightly negative effect on category revenue and a
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decidedly negative effect on category margins.
The present work focuses on the impact of promotions on regular store

revenues in short- and long-term on the basis of times series observations and
persistence models. Unlike Mulhern and Leone, Gijsbrechts et al., Srinivasan et al.,
this approach aims at capturing effects not on total revenues but only on regular
ones.

In particular, to provide an accountable (monetary) metrics for retailers, we
choose to model store-level performance rather than individual-level purchases,
examining the extent of promotional bump and carryover direct and cross-category
effects. This is obtained by jointly modelling the short- and long-term patterns of
total store revenues, both regular and promotional, by category. Compared with the
intervention analysis, we consider repeated promotional campaigns whose dynamics
are better suited by stochastic than deterministic specifications, such that the very
general specification of the vector autoregressive model is selected.

3. MODELING SHORT- AND LONG-TERM PERFORMANCE

Instead of imposing a priori restrictions on the interactions among series, in
the first step we have chosen to specify a vector autoregressive (VAR) model, which
is a multivariate model where each series is regressed on lags of all the series jointly

considered. Let Yt be a k-dimensional vector time series ′ = ( )Y Y Yt t kt1 ,...,  such that

′ = ( )X X Xt t kt1 ,..., , with  X ln Yit it= ( ) , i = 1,…,k,  follows a VAR(p):

A L X dt t t( ) = +Φ ε (1)

where  A L I A L A Lk p
p( ) ...= − − −1  is the matrix polynomial in the lag operator L,

Aj, i = 1,…, p are k↔ k parameters matrices, dt is a s ↔ 1 vector of the deterministic
components, Φ is the k↔ s  matrix of the deterministic components parameters and
εt~VWN(0,Σ). Supposing the variables are jointly covariance stationary, the process
Xit has a dual Vector Moving Average (VMA) representation given by
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i = 1,… are  k↔ s matrices of the deterministic components’ parameters. When Σ
is diagonal the VMA representation enables to measure the response of each
variable to an impulse arising from an input variable some time before. For
example, the response Xlt+j of the l – th element of X, at time t + j, to a unitary
stochastic impulse, is measured by the coefficient  clij  of the j – th  matrix of the
VMA specification. In fact, a diagonal  Σ  implies that the instantaneous correlations
among the elements of εt are zero. In order to obtain a correct economic interpretation
of the effects of the individual impulses, the shocks should be uncorrelated, that is,
the matrix Σ should be diagonal. To this aim, it is useful to specify structural vector
autoregressive (SVAR) models. Among different classes of Structural VAR models,
the AB model (Amisano and Giannini, 1997) provides a general framework by
imposing identification restrictions through the specification of non-singular
matrices A and B in the following way,

AA L X A d At t t( ) = +Φ ε (3)

A Bet tε = (4)

E e E e e It t t( ) ( ) .= ′ =0 (5)

This specification enables us to explicitly model the instantaneous relations
between endogenous variables; in fact the matrix A in the (3) explains instantaneous
interactions. Moreover the specification induces a transformation on the εt
disturbance vector in the (4), which can be conceived as being generated by linear
combination of independent (ortho-normal) disturbances et  as shown in (5). In this
way, the impact of random shocks on each variables of the system can be simulated.

The moving-average representation thus becomes:

X A L d A L A Be
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t t t

t t
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1

is the matrix of lag operator, Gj, j=1,… are  k↔ s

parameters matrices,Ψ(L) is the previously defined matrix polynomial and glij
measures the response on the l – th element at time t+j, Xlt+j, when a unitary
stochastic shock on the  i – th element eit has been entered. The cumulative responses
are given by measuring the cumulated effect of ortho-normal shocks protracted in
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time. Therefore the specification provides both a matrix of coefficient describing
the simultaneous relations among the investigated variables and a system of
responses to ortho-normal impulses, which describe the interrelations among the
promoted and regular sales at long leads.

Given that the specification is in logarithms, the parameters represent some
kind of elasticities that are difficult to interpret changing the reference values both
between the variables of the vector at a fixed time and in time for each variable.
Moreover the interest is in calculating the net effects on the level vector sales Y. The
expression of the unbiased forecasts of the levels of the time series at time t, m steps

ahead, Ŷt m+ , when the log-transformed vector time series Xt follows a VAR model

with the VMA representation (6), assuming that the innovations are multivariate
normal, are (Granger and Newbold, 1976; Arino and Franses, 2000, for computational
aspects):

ˆ exp expY E X E L d G L et m t t m t t m t m+ + + += ( )( ) = ( ) + ( ) Ψ ( )
Assuming that a random shock entered into the system at time t, the forecasts

become:

ˆ expY E Xt m
s

t t m
s

+ += ( )( )
Thus, the m–th value of the impulse response function (IRF) and of the

accumulated impulse response function (AIRF) for m=1,… are:
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The impulse response functions trace the combined result over of a chain of
reactions initiated by a single promotional shock, measuring the effective time span
that elapses before all the series return to their pre-shock levels and the cumulative
net effects of shocks on all the variables of the system.

4. DATA AND RESULTS DESCRIPTIONS

The data set consists of scanner sales data from one of the largest hypermarkets
chain in Italy. The chain every week offers on deal bundles of products. Data are
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collected from February 2003 to June 2004 at a weekly level. Sales are aggregated
from the identifier codes to the macro level, respectively for regular and promotional
sales, into the following macro-categories: grocery, perishables, textiles, light
households and heavy households.

During the sample period, all the promotional schemes revenues are aggregated.
Table 1 shows the percentage composition of total, promoted and regular sales by
category, while Figure 1 presents the series.

Tab. 1: Total, promotional and regular sales by category (%).

Grocery Perishables Textiles Light h. Heavy h.

Total sales 35.1 36.3 6.7 10.4 11.5
Promotional sales 36.9 26.8 8.1 12.5 15.7
Regular sales 34.7 39.0 6.3 9.8 10.2

The series were log-transformed to avoid excessive variability. All series have
been found to be stationary, supporting the evidence of a mature competitive market
for the large-scale retail sector in Italy (see Table 2).

Tab. 2: Unit root tests.

Statistic p-value

Im, Pesaran and Shin W-stat -10.3 0.000
ADF 148.0 0.000
PP 193.2 0.000

Fig. 1: Sales series (logarithms).
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We estimate with Maximum Likelihood a ten equation VAR model where the
endogenous variables are the promotional and regular sales for the five categories.
The specification also includes three sets of exogenous variables, intercepts and
holidays dummies for Easter and Christmas weeks. The log-likelihood is computed,
assuming a multivariate normal distribution, as:

l A L
T

k( )( ) = − +( ) +{ }, ln ln ˆΦ Σ
2

1 2π

where ˆ det 'Σ =
−









∑1

T p t t
t

� �ε ε  and T is the length of observations.

The choice of lag specification is jointly guided by informative criteria and by
the likelihood ratio test (Table 3). The likelihood ratio and the criteria point
alternatively to a specification consisting of two, one or zero lags. The selected lag
is one, for reasons of parsimony and in the light of the standard residual-based mis-
specification analysis. Maximum likelihood estimates of the parameters of the one-
lag VAR model are illustrated in Table 4.

Tab. 3: Test for the VAR model dimension.

Lag LR test Akaike Schwartz Hannan-Quinn

0 - -6.257 -5.278 -5.869

1 316.1 -9.063 -4.820 -7.382

2 164.8 -9.784 -2.276 -6.809

Afterwards the structural relations (3) to (5) have been identified, imposing
restrictions on A and B matrices. The matrix B is specified as diagonal, since in the
present framework, disturbances et are simply seen as idiosyncratic shocks, not
having any a priori about their interactions. In the matrix A the variables are ordered
in the system to take into account of the cascade of transmission mechanisms of the
impulse, imposing regular sales last in the sequence, since the a priori of endogenity
makes intuitive sense, and, in any case, they are the analysed elements. Thus, first
within promotional then within regular sales the variables are ordered by decreasing
Granger-exogenity test statistics. The imposed order is: perishables, grocery,
textiles, heavy households and light households within promotional sales, heavy
households, textiles, light households, grocery and perishables within regular sales.
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Tab. 4: Estimates and standard errors of A1 and F matrices parameters of the VAR model [see
equation (1)].

from\to g,r* h,r l,r p,r t,r g,p h,p l,p p,p t,p

g,r-1 0.152 -0.244 -0.091 -0.339 -0.327 -0.281 -2.24 -1.1 -0.4 -0.64

0.173 0.374 0.235 0.111 0.284 0.531 1.106 0.883 0.432 1.311

h,r-1 -0.063 0.247 -0.022 0.045 -0.32 0.166 0.619 -0.518 0.314 0.168

0.08 0.173 0.109 0.052 0.131 0.246 0.523 0.409 0.2 0.608

l,r-1 0.363 0.249 0.788 0.173 0.104 0.002 -0.384 0.419 -0.455 -1.034

0.118 0.256 0.161 0.076 0.194 0.364 0.758 0.605 0.296 0.898

p,r-1 -0.573 -0.328 -0.292 0.368 0.309 0.118 1.8 2.147 0.505 5.263

0.21 0.454 0.286 0.135 0.345 0.646 1.345 1.073 0.525 1.594

t,r-1 -0.012 0.074 -0.064 -0.036 0.795 -0.161 -0.144 -0.276 0.176 0.169

0.072 0.156 0.098 0.047 0.119 0.222 0.463 0.37 0.181 0.549

g,p-1 -0.013 0.069 -0.044 -0.025 0.027 0.128 -0.669 -0.487 -0.105 -0.909

0.046 0.1 0.063 0.03 0.076 0.142 0.295 0.236 0.115 0.35

h,p-1 0.038 0.005 0.054 0.021 -0.004 -0.041 0.567 -0.171 0.023 -0.215

0.018 0.04 0.025 0.012 0.03 0.057 0.118 0.094 0.046 0.14

l,p-1 -0.001 0.025 0.014 -0.006 0.028 -0.189 -0.471 0.348 -0.015 -0.171

0.029 0.063 0.039 0.019 0.047 0.089 0.185 0.148 0.072 0.219

p,p-1 -0.152 -0.31 -0.204 -0.076 -0.254 -0.197 -0.333 -0.134 0.09 0.198

0.056 0.122 0.077 0.036 0.092 0.173 0.36 0.287 0.141 0.427

t,p-1 -0.025 -0.027 -0.02 0.014 -0.001 -0.028 -0.008 -0.253 -0.029 0.236

0.019 0.042 0.026 0.013 0.032 0.06 0.124 0.099 0.049 0.147

const 19.63 18.17 12.853 13.428 8.896 20.64 31.05 6.344 12.158 -37.081

2.352 5.087 3.203 1.516 3.861 7.238 15.064 12.023 5.885 17.853

dEast 0.263 0.233 0.132 0.168 0.178 0.204 -0.18 -0.177 0.439 -0.804

0.043 0.094 0.059 0.028 0.071 0.133 0.277 0.221 0.108 0.329

dChr 0.191 0.478 0.314 0.133 0.357 0.288 1.422 0.373 0.597 0.459

0.076 0.167 0.104 0.049 0.125 0.235 0.489 0.39 0.191 0.579

R2 0.721 0.503 0.815 0.668 0.661 0.226 0.497 0.433 0.445 0.391

*i,j: i indicates the category (p=perishables, g=grocery, t=textiles, h=heavy household, l=light
households), j=p for promotional sales, j=r for regular sales
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The log-likelihood function for the SVAR model is:

l A B c
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A
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B tr A B, ln ln '( ) = − + 





− 





+ −
2 2

2 2 1'' ˆB A−( )1 Σ

where Σ = ′ ′− −A BB A1 1. The SVAR parameters of A and B matrices are estimated
by F.I.M.L., assuming the innovations are multivariate normal. The log-likelihood
is maximized by the method of scoring, where the gradient and expected information
matrix are evaluated analytically. See Amisano and Giannini (1997) for the
analytical expressions of derivatives.

The final structure of matrix A (Table 5) has been obtained by starting from
the specification of A as a lower triangular matrix, and, successively, by deleting
coefficients not significantly different from zero. In the last column of table 5 the
estimated elements of the diagonal matrix B are presented. The LR test does not
reject the identification restrictions. Given that the specification is double logarithmic,
the parameters represent the direct promotional elasticities of net sales. In table 6
from direct promotional elasticities of z-th category sales to w-th category sales,
ηzw, marginal effects have been computed with respect to means of each variable,

∂
∂

=
z

w

z

wzwη

All promotions have simultaneous cross-effects on the regular sales of the
other categories, while no cannibalisation effects are detected within promotions at
simultaneous time. As regard to regular sales, some of the impacts are negative, as
from perishables to heavy households, from grocery and light households to
textiles, and from textiles to light households. Heavy households promotions
produce only positive cross-effects, being the most impacting as a whole on regular
sales and proving to be active marketing instruments. Grocery and light households
show a positive overall impact too. In contrast promotions in perishables and
textiles produce immediate substitution on other categories regular revenues. Other
equations reveal a series of instantaneous relations, all positive, among the
categories.
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Tab. 5: Estimates and standard errors of A and B matrices parameters of the SVAR model [see
equations (3)-(5)].

to/from p,p g,p t,p h,p l,p h,r t,r l,r g,r p,r B§

p,p* 1 0.181
0.015

g,p -0.584 1 0.196
0.130 0.017

t,p 1 0.550
0.047

h,p 1 0.464
0.039

l,p -0.332 -0.176 1 0.310
0.068 0.080 0.026

h,r 0.392 -0.191 -0.107 1 0.139
0.105 0.085 0.045 0.012

t,r -0.203 0.155 -0.091 0.120 0.425 1 0.097
0.081 0.062 0.026 0.034 0.084 0.008

l,r -0.164 0.051 -0.063 -0.453 1 0.063
0.044 0.014 0.016 0.051 0.005

g,r -0.494 1 0.054
0.065 0.005

p,r -0.042 -0.472 1 0.029
0.016 0.049 0.002

*i,j: i indicates the category (p=perishables, g=grocery, t=textiles, h=heavy household, l=light
households), j=p for promotional sales, j=r for regular sales. § Elements of the diagonal B matrix

Tab. 6: Marginal effects.

to/from p,p g,p t,p h,p l,p h,r t,r l,r g,r p,r

p,p*
g,p 0.804
t,p
h,p
l,p 0.564 0.150
h,r -0.536 0.189 0.334
t,r 0.172 -0.096 0.151 -0.233 0.264
l,r 0.214 -0.260 0.159 0.432
g,r 1.781
p,r 0.163 0.534
Σ.,p 0.804 0.564 0.150

Σ.,r -0.150 0.256 -0.260 0.310 0.102 0.697 1.781 0.534

*see note in Table 5.
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Fig.  2. 1000 Euro- IRF (*) and AIRF (line) of regular to promotional sales.

Structural vector autoregressive models are suitable to measure immediate
simultaneous promotional responses, but also to capture the performance implications
of complex feedbacks. The impulse response functions trace the combined results
over a chain of reactions initiated by a single promotional shock. They help to
measure the effective time span that elapses before all the series return to their pre-
shock levels and the cumulative net effects of shock on all the variables of the
system. Figure 2 shows regular revenues reactions to 1000 Euro promotional
impulses within each category.

As expected, the dynamic simulation of the response to promotional impulses
confirms that many of the effects vanish in few weeks and that promotions are short-
term marketing activities.

A negative effect on regular sales is detected in the case of the promotion of
perishables within a two-three weeks delay. Positive responses are found for
promotional impulses in heavy and light household goods, but these are insignificant
at long leads. The cumulated effects of promotions on regular sales are substantial
for perishables and textiles in negative, and for heavy and light households in
positive. This means that total regular purchases are significantly cannibalised by
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perishable purchases on deal. In this way perishables category exhibits the presence
of phenomenon of promotional warfare (the so-called do or die approach).

5. CONCLUSIONS

Given that the use of promotions to stimulate performance is increasing, there
is a need to evaluate the impact of promotional campaigns on retailer’s performan-
ce. To this purpose, we choose to analyse promotional impact at store aggregate
level on regular revenues by category.

Promotions are proved to have significant effects on short-term regular sales
at this level too. In particular, sales of promoted goods in the light and heavy
households category are observed to induce significant increases in total regular
sales at simultaneous and delayed times. In contrast, promotions in the textile and
perishables categories may depress regular sales.

In the long-term analysis promotional effects vanish in few weeks; their
cumulated effects may be greater than impulses in negative for heavy households
and in positive for textiles. Heavy household category appears to be the focus of
aggressive sales promotion, whereas the perishables category seems to be of more
defensive nature. Promotions in the heavy household sector induce consumers to
make ad hoc shopping trips, and also produce increases in the regular sales; thus
they act as an attractive factor in the short-run. Continuing promotions on perishables,
on the other hand, lower the aggregate dynamics of net sales due to the cannibalisation
effect among promoted and non-promoted items. In this latter category, promotional
activities correspond to the do or die type of defensive marketing approach. In
conclusion the proposed approach may be a useful instrument to account retailers
gains by promotional campaigns, category by category and in a quite natural
metrics.
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L’EFFICACIA DELLE PROMOZIONI NEL BREVE E LUNGO
PERIODO SULLA PERFORMANCE DEI DISTRIBUTORI

Riassunto

Il presente contributo verifica l’efficacia delle promozioni nell’ottica del distributo-
re, in termini di performance dei punti di vendita nel breve e nel lungo periodo. La ricerca,
basata sui dati di vendita in promozione e regolare di una catena di ipermercati di una
insegna della Grande Distribuzione Organizzata di rilevanza e diffusione nazionale, è
realizzata attraverso la specificazione e la stima di un modello autoregressivo vettoriale
strutturale. I risultati mettono in luce effetti statisticamente significativi delle promozioni
nella categoria del bazar pesante che generano vendite aggiuntive agendo quindi come
fattore attrattivo sia a livello istantaneo che ritardato. All’opposto le promozioni nel settore
dei generi di consumo deperibili tendono a deprimere la dinamica delle vendite regolari
nel lungo periodo.


