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The impact of price promotions on sales of unhealthy food and drink products in
British retail stores

Abstract

We study the health impact of food and beverage price promotion strategies — multi-buy offers and price
discounts, typically biased towards unhealthy product categories — in British consumer retail. We are the
first to employ econometric models from the marketing literature to analyse the impact of price promotions
with a focus on population health. Our dynamic, reduced form demand model incorporates endogenous
inventory (stock piling), consumption rates imputed from repeat purchases and allows for unobserved
household heterogeneity. We find that removing price discounts is more effective for reducing purchase
volume compared to removing multi-buy offers for 10 out of 12 food and drink groups, particularly those
products for which price reduction is more common than multibuy. We find that price promotions induce
consumption — and waste —through behavioural effects, associated with increased household inventory
(stockpiling).
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1. Introduction

In the UK 27% of adults are obese and a further 36% are overweight, which constitutes the highest level of
obesity in Western Europe'. In England, nearly a quarter of children are obese or overweight by the age of
five, and this rises to one third by age 11. In 2018 the Department of Health and Social Care (DHSC) set out
a strategy to halve the rate of obesity among children by 2030'. As part of the strategy the DHSC announced
in 2020 a ban of multi-buy promotions for high-in-saturated-fat, salt-or-sugar (HFSS) products which was set
to take effect in 2022, This policy was largely based on the work, published by Public Health England (PHE)
(Smithson, 2015), showing that there are more promotions for unhealthy food than healthy food and that
promotions can increase the amount of food purchased by around a fifth. However, this policy has now been
called into question, at least in part as a reaction to the cost-of-living crisis(Smyth, 2022). This suggests a
fortiori an evaluation is needed of the potential long-term health costs of ill-targeted promotions, to be able to

balance them against short-term pecuniary benefits.

In Britain, price promotions are used as a key part of the marketing and competition strategy in national
supermarket chains, as well as independent stores. Price promotions involve discounting prices at the point of
sale and are available to all customers. They consist of total price reductions (TPRs), in which the good is
offered at a price below recommended retail price, often presented as a percentage discount off the price or
volume-based discounts (multi-buys), in which an additional percentage or whole units are offered upon
purchase of a specified amount (e.g. buy-one-get-one-free deal, or 30% extra free). Both types of promotion
are often indicated by brightly coloured, large stickers which describe the terms of the price reduction.
Analysis of Kantar GB Fast Moving Consumer Goods (FMCGQG) panel, a data set recording the shopping
behaviour of over 30,000 households in Britain, shows (Figure 1) that these promotions are common across
food groups. Since 2014 there has been a reduction in the use of price promotions by about 10 percentage
points, with a concomitant decline in the share of goods bought through multi-buy promotions but they remain
high with at least a third of volume of food and beverages bought on some form of promotioniv. There is
clearly a large amount of variation across the food groups but longer lasting, less healthy categories such as
soft drinks and snacks, compared with fresher, healthier products such as fruit and vegetables are consistently

purchased more on promotion.

" https://www.oecd.org/els/health-systems/Obesity-Update-2017.pdf

i https://www.gov.uk/government/publications/childhood-obesity-a-plan-for-action-chapter-2

i https://www.gov.uk/government/news/promotions-of-unhealthy-foods-restricted-from-april-2022

v |n 2012 the Office of Fair Trading (OFT) found price promotions to be anti-competitive because they reduce price transparency
(OFT (2012)), however the precise reason behind the steady fall in promoted sales since 2014 is unknown. There is some
speculation that the entry of every-day low pricing retailers such as Aldi and Lidl to the market have enforced consistent and
transparent pricing at a permanently lower level, squeezing competitors’ margins that leave little room for promotions (Ritson,
2017).

http://mc.manuscriptcentral.com/hec



Page 3 of 46 Health Economics

oNOYTULT D WN =

[Figure I here]

In light of the heavy use of promotions in British food retail and their policy relevancy, the aim of this paper
is to estimate the extent to which price promotions — both total price reductions (TPRs) and multi-buys —
increase purchasing of potentially unhealthy food and drink items, including those that are frequently
consumed by households with children (particularly children’s cereal, children’s biscuits and ketchup ). We
do this through an estimation of how price promotions influence a consumer’s decision of when, what and
how much to buy. Our reduced-form demand model allows for an endogenous, dynamic consumption rate
that is a function of the consumer’s stockpiling decisions (the increased amount of goods held in the home
beyond immediate needs). This allows us to infer possible overconsumption and the nutritional impact of price

promotions.

Using the Kantar FMCG panel data on transaction level household food and beverage purchases from Britain
between 2016 and 2017 to estimate our model, we find that, for all food and drink categories analysed,
purchases are made more frequently and a higher volume is purchased when goods are being price promoted.
This effect occurs both for multi-buy offers and TPRs, but TPRs typically exert a bigger effect on both. In
agreement with literature we find that the consumption rate is not constant for a given household: the
additional purchases are estimated to increase consumption of all food and drinks through the greater
propensity to consume once the products are at home. Our results also suggest that the consumption rate of
additional purchases depends on the type of product, with carbonated soft drinks, yoghurts crisps, biscuits and

children’s cereal consumed more quickly once in the home than peanut butter, ketchup or canned baked beans.

Our analysis focusses on stockpiling of frequently purchased products and how inventory affects consumption
behaviour. As with other research attempting to model consumption dynamics, we look at households with
high levels of consumption in the food and drink categories we analyse. From a public health perspective, it
is also important to focus on these consumers: high consumers of sugary drinks and HFSS food, as they are at

greater risk of developing poor health(Reilly et al., 2003, Ebbeling et al., 2002, Pi-Sunyer, 1991).

We contribute to the literature in that we are the first to bring econometric methods, developed and used in
marketing, to analyse a public health issue, focussing on the health implications for consumers rather than the
sales implications for retailers. We also incorporate consumer level dynamics by estimating household
inventory through repeat purchases at a household level, and we progress the methodology by adding
household fixed effects to account for consumer level heterogeneity. Furthermore we are the first to present
results of this kind of analysis on overall impact of consumption on food category rather than brand level, and

also estimate the impact of multi-buy promotions and TPRs separately.

We can conclude from our results that public health policy to restrict price promotions could be effective in

reducing consumption of unhealthy food and drinks. Particularly it would be important to focus not only on
3
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multi-buys but also on total price reductions as the latter appear more likely to cause over-consumption or

food waste.

2. Literature

Hawkes (2009) highlighted that “practically no attention has been paid to the impacts of sales promotions on
dietary behaviours or how they could be used more effectively to promote healthy eating”. Since then there
has been growing public health policy interest (2018, Department of Health and Social Care, 2019, Chandon
and Wansink, 2010). Some earlier theoretical work on the consumer response to price promotions (Chandon
and Wansink, 2006, Chandon and Wansink, 2002) provided insight for other interventionist policies such as
food vouchers (Griffith et al., 2018), restaurant food pricing and super-sizing (Dobson and Gerstner, 2010)
and nutritional labelling in supermarkets (Fichera and von Hinke, 2020). However, empirical research on the
impact of price promotions has thus far looked at aggregate, market level analyses, grouping products into
broad categories based on their nutritional value; looking at how price promotions are distributed between
healthy and unhealthy products and finding that consumers are more responsive to price promotions on less

healthy products (Nakamura et al., 2015, Smithson, 2015).

Given that most supermarket purchases are made for home consumption, the mechanism through which price
promotions increase the level and rate consumption is through increasing household inventory. There are

several theories to support this mechanism.

Consumers respond differently to price promotions depending on the good, its storability and their brand
loyalty. Different products have different levels of sales volume on PP. Figure 1 shows that the share of
purchases on promotion (by volume) across different food groups is typically higher for less healthy foods.
Soft drinks and snacks are almost twice as likely to be bought on promotion in comparison to fruits and

vegetables or, similarly storable but healthier, starchy foods.

However, a PP increasing purchases does not necessarily imply a one-to-one increase in consumption by the
purchaser as it could simply be advance purchasing rather than additional purchasing. From a public health
perspective, analysing how this purchasing behaviour translates to additional consumption behaviour is the
main interest. Research has sought to establish the impact of changing prices on food purchases, and research
on price promotions typically refers to the increase in sales as a “promotion bump” (Van Heerde et al., 2004).

This within category sales bump can be attributed to three different forms of consumer reaction:

1. Consumer switching - purchasing the same quantity but of a different brand. This has little nutritional
effect;
2. Increased incidence or “impulse purchasing” - promotions causing purchases that otherwise would not

have occurred, creating an increase in consumption quantity;

http://mc.manuscriptcentral.com/hec
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3. Stockpiling - increased purchase quantity in order to “take advantage” of a promotion and avoid higher
spending on off-promotion purchases in the future: meaning that purchases are greater than planned

consumption in the short term. This potentially increases consumption of the category.

Consumer switching is essentially a cross-price effect and does not affect the overall purchase quantity within
a given category; therefore, these effects are less interesting from a nutritional health perspective. However,
impulse purchasing and stockpiling fall into the category of “primary demand expansion” - an increase in the
total volume of a product category purchased as a result of a promotion. The estimated size of the primary

demand increase in recent studies is consistently larger than the consumer switching (Watt et al., 2020).

However, what does not necessarily follow from an expansion in purchasing from a price promotion is a
corresponding increase in consumption’. The idea that price promotions change diets - that promotions
increase the consumption of a given food type, and do not simply change the timing of purchases or the goods
selected - hinges on present-biased preferences, as well as stockpiling behaviour. If having an abundance of a
product available at home does not increase its consumption, then price promotions will simply bring
purchases forward (intertemporal switching). In this case consumption remains constant over time and price
promotions have no nutritional impact. However, if the rate of consumption is not constant, as existing
literature described in this section suggests, then price promotions could be leading to overconsumption and
worse nutritional health; particularly if this occurs for unhealthy food. Thus, the relationship between
stockpiling and increased consumption rate is key to understanding the impact of price promotions on

population health.

Understanding the nutritional impact of price promotions also requires focus on the total sales of categories
of foods or beverages, for example the total purchases of cola flavoured beverages, over a period of time.
Whether brand A or brand B is selected is of second order importance. There are only a small number of
researchers who have looked at overall category purchases (as opposed to focussing on individual brands).
For example, Ailawadi and Neslin (1998) conduct simulations removing price promotions for randomly
selected weeks, finding that, for yoghurt, 35% of the total promotion effect is caused by an increase in
consumption (i.e. primary demand expansion). This is close to the 43% increase found by Sun (2005) for the
same category who also found a 33% increase for canned tuna. Of the increased sales due to promotion in
their study, Chan et al. (2008) estimate that 29% (18%) was an increase in consumption, for canned tuna
(kitchen roll), (28% (14%) was brand switching and the remaining 43% (69%) was stockpiling). Ailawadi
and Neslin (1998) found that ketchup consumption was relatively inflexible, with 12% of the promotion effect

v Consider laundry detergent as an example — stockpiling behaviour in order to save money will lead to a higher level of
household inventory, but the quantity of detergent you have under your kitchen sink is unlikely to increase the need to wash
your clothes; however, an abundance of detergent may lead a household to perform more frequent smaller washes.

http://mc.manuscriptcentral.com/hec
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explained by increased consumption and Silva-Risso et al. (1999) found, using the same model, that

consumption of spaghetti sauce is similarly unresponsive.

Assun¢do and Meyer (1993) showed that, in markets where consumers are uncertain about future prices,
consumption should rationally be higher if there is more household inventory and that, in the short-term,
households respond to promotions by buying more, but not necessarily eating and drinking more. In this they
demonstrate that higher inventory levels allow a customer to consume at any desired rate, without having to
return to the shops and possibly paying a higher replacement price. This is the reasoning drawn out in Ho et
al. (1998)’s findings that stores with higher levels of price variation, for a given mean price, elicit higher levels
of consumption from rational consumers. Folkes and Wheat (1995) posit a scarcity theory, similar to Wansink
(1996) that within the household, smaller quantities are considered more valuable and therefore consumed
more slowly. Chandon and Wansink (2002), by integrating key results from economic and mental accounting
results, develop a salience-convenience framework that indicates that exogenous product stockpiling can
increase both frequency and quantity of eating and drinking at home by reducing the perceived acquisition
and replacement costs of consumption. Stockpiled products can be more salient at the point of consumption
because they take more storage space, can be unusually packaged (e.g., promotional packs), and can be placed
in visible locations (on the counter versus in the pantry) until depleted to a more typical level. Gourville and
Soman (1998), Soman (2001) also propose that stockpiling can influence consumers’ perceptions of sunk
costs of their inventory and therefore affects consumption rates (Wansink and Deshpande, 1994, Wansink et

al., 2000, Gourville and Soman, 1998, Soman, 2001, Raghubir and Krishna, 1999).

3. Data

Kantar GB FMCG data is a home-scan consumer panel data set for food and beverages purchased in Great
Britain (GB). The purchasing activity for “take-home” food purchases are recorded by the panellists with
hand-held scanners, including information on expenditure on the product, whether the product was on
promotion, type of promotion, volume bought, which shop it was bought from and the nutritional value of the
product. The panel is a representative sample of British households comprising of about 30,000households
annually. Households are recruited via stratified sampling, with quotas set for region, household size, age of
main shopper, number of children and occupation. Households record purchases continuously throughout the
year. Panel retention is high — participating households in 2014 had median follow up time of 2.6 years(Berger
et al.,, 2019). Approximately 3,000-4,000 new households are enrolled each year to maintain national
representativeness. Panellists (main shopper in the household) provide socio-demographic data when joining
the panel (including age, sex, education occupational socio-economic status, ethnicity, household size,

presence of children, income bracket) followed by annual updates.

http://mc.manuscriptcentral.com/hec
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Using data from 2016 and 2017 we look at twelve different food and drink categories purchased from the five
largest GB supermarket chains''. We analyse seven HFSS food products that are within the scope of Public
Health England’s Sugar and Calorie Reduction Programme“ and two categories of sugar sweetened soft
drinks: Children’s cereal'ii, flavoured yoghurt, crisps sold in multipacks for home consumption, peanut
butter, biscuits, cola flavoured beverages and lemonade*. For comparison we also include three food categories
that fall outside the scope, that are not HFSS products: baked beans, ketchup and unflavoured (natural)
yoghurt. These goods were also chosen because they are storable for more than 1 week either in a cupboard
or the refrigerator and purchased by at least some consumers for frequent domestic consumption over a period

of time.

Computationally, we are limited in the product groups that we can include. The greatest limitation lies in the
number of potential alternatives (permutations of brand, flavour and size) within a food or drink category. For
instance, we did not include chocolate confectionary because there are hundreds of different combinations of
flavours and sizes of chocolate bars. To perform analysis on yoghurts we separate between natural and
flavoured (sweetened) yoghurts, and within flavoured yoghurts we distinguish between multipacks or large (>
400 gram) individual pots*. We separate biscuits in to those which are marketed at children and everyday
(sweet) biscuits*ii, using classification available within the data. In addition, we removed alternatives with the
smallest sales by volume if the number of alternatives went beyond 80. These included everyday biscuits,
crisps and each of the sub-categories of yoghurt. To perform the analyses, the data are split into two time
periods: 2016 is the initialisation period, in which we identify, for each household, their loyalty to a given
brand, loyalty to the format in which the product is sold, where appropriate (multipack, cans or bottles) and
their average consumption rate. Then 2017 data are used to estimate the purchasing behaviour model (see
Methods). In our analysis we only include regular shoppers who have recorded at least one shopping trip to a
supermarket per month for the two-year period, regardless of whether they bought any of the relevant goods

on that shopping trip.

In order to understand the dynamics of households’ intertemporal purchasing and consumption decisions it is

important to focus on shoppers who frequently buy from the same product categories. From a public health

vi Sainsbury’s, Tesco, Morrison, Waitrose, Asda, with a combined market share of 75% in 2017
(https://www.kantarworldpanel.com/en/grocery-market-share/great-britain/snapshot/03.12.17/).

Vil https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/996232/impact-
assessment-hfss-advertising.pdf (Table 5)

vii \We include flavoured cereals that are marketed for children: “frosted”, chocolate, honey and cinnamon flavours.

X Crisps sold in single bags are often consumed immediately and would therefore not be suitable for analysis in an inventory
model.

x All artificially sweetened, low / no calorie drinks were excluded.

X We exclude single portion, individually sold yoghurts because they are consumed in a single sitting and therefore not suitable
analysis in a stockpiling framework.

Xi Including biscuits such as digestives, chocolate digestives, bourbons, custard creams, packaged cookies, ginger nuts, ginger
biscuits, garibaldi, rich tea, oat biscuits, butter biscuits and variety packs.

http://mc.manuscriptcentral.com/hec
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perspective, it is also important to focus on these same consumers: for many, unhealthy products are a treat
purchased sparingly. High consumers of sugary drinks and HFSS food, as we focus on here, are at greater risk
of developing poor health. We therefore restrict the sample to the top tercile of households by purchased
volume. To understand the robustness of our model, we perform the analysis on all consumers in our sample
(with no lower limit to number of annual purchases), as well as the top tercile and top quintile of our

households for sugar sweetened cola drinks. The ranking is based on number of packs purchased 2016 to 2017.

Volumes purchased, inventory and consumption are measured in centilitres (CL) or units (10g) throughout.
This is because the variable consumption function (equation 3 in the Methods section) depends on the units
used. Previous research in this area has been conducted in fluid ounces, roughly 3CL. Therefore, in order to
verify and compare estimation results with the literature we have chosen to use a similar unit*ii, For each
product type, Table 1 presents the number of consumers (households) in the sample, number of store visits
and purchases, the total (by weight or volume) of the good purchased and what percentage of purchases by
volume were made on promotion (TPR or multi-buy). The minimum number of purchases per household for
each group is presented in the last row. Of the products analysed, only large individual pots of flavoured
yoghurt and everyday biscuits are purchased as frequently on multibuy promotion as TPR (Table 1). Baked
beans, peanut butter and natural yoghurt had the lowest share of purchases made on (either type) promotion
while five products from the HFSS categories, including lemonade, crisps and children’s cereal had the highest

shares of above 50% of purchases.
[Table I here]

Summaries of the used variables and the incidence and quantity decision outcomes for the initialisation period
are presented in Annex 1.

Due to the nature of the data we only obtain unit prices, calculated from expenditure and volume information
for each purchase, and we observe in the data the existence of promotions when a purchase is made, hence the
precise set of offers and prices are unknown from the data alone. However, we are able to overcome this issue
due to a feature of the way GB supermarkets operate, where major supermarkets operate a country-wide
pricing and promotion strategy (Authority, 2008, Thomassen et al., 2017, Commission, 1999). This means in
practice that same types of stores in the same chain have constant prices (i.e. price does not vary by
geography). Utilising this feature, we impute the prices of non-purchased items in the category at a given time
through the purchases of other shoppers in the data set. Due to a lack of stock information we are, however,
required to assume that goods are always available when consumers visit the store. We believe this to be a
reasonable assumption for our categories given their popularity. Coverage using this method is not perfect and

therefore some prices must be imputed at a supermarket chain/type-of-store level; for example, if an item had

Xit The overall results of the model and their implications do not change depending on the unit used.

http://mc.manuscriptcentral.com/hec
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been bought sometime by some consumer before and by some consumer after at the same price at a given
store then we assume that the price is consistent in-between purchases. If the price is different then we swap

the prices over mid-way between the observed prices.

4. Methods

In order to analyse price promotions by product at a household level, we make use of empirical methods from
the marketing literature that exploit panel sales data. This extensive literature began with differing models
from Gupta (1988) and Chintagunta (1993). Gupta developed a reduced form framework that estimates the
underlying purchasing decisions of when, what and how much to buy ‘separately’, while Chintagunta
modelled all three under a ‘single utility’ model. This literature is extensively reviewed in Hawkes (2009),

Neslin and van Heerde (2009) and (Watt et al., 2020).

Our analysis focuses on the measurement of the short-term effects of price promotions, as does much of the
literature, primarily because for many products the market is characterised by frequent short-term promotions.
The theoretical basis for this is demonstrated by Ho et al. (1998) who find that consumption should increase
for products with higher levels of price variation, for a given mean price across stores for a frequently

purchased product.

Many models of price promotions attempt to account for the dynamic issues raised in the early literature.
Those models that incorporate dynamics in a unified utility model are necessarily complex dynamic structural
models. These models initially required, for tractability, that consumption be exogenous and constant, (Erdem
et al., 2003, Hendel and Nevo, 2006).Sun (2005) developed a dynamic structural model with endogenous

consumption, with similar work to follow by Chan et al. (2008). These models were considered and remain

‘state of the art in analysing purchase behaviour in a single product category’ (Song and Chintagunta, 2007).

They show that static demand models will overestimate cross-price elasticities if consumers are engaged in
stockpiling behaviour and will overestimate the long-run sales increase associated with price promotions. In
an attempt to account for these dynamics, but in more tractable reduced form models Ailawadi and Neslin
(1998), Bell and Boztug (2007), Ailawadi et al. (2007) and Neslin and van Heerde (2009) have introduced
dynamics through imputation of household inventory and the presence of brand loyalty in the brand decision

estimation.

We use the reduced form model presented in Ailawadi and Neslin (1998) (henceforth AN) and others
(Ailawadi and Neslin, 1998, Bell and Boztug, 2007, Ailawadi et al., 2007, Neslin and van Heerde, 2009). We
account for unobserved consumer heterogeneity by introducing consumer level fixed effects, which greatly

improves model fit as presented in our results section.

http://mc.manuscriptcentral.com/hec
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At any given shop visit t, a PP can influence a customer’s decision to purchase, the brand they choose and the

quantity they buy. The probability that consumer h buys q units of good b on their visit to a store ¢t can be

expressed:
P(Qhe=aqb) =Pt =1) = P(ct =il =1) = P(Qhe = ql | 1= 1BE=D) ()

where:

P(I h = 1) is the probability that the binary random variable I} = 1, indicating that
consumer h makes a purchase of the product category on visit ¢,

pP(ch=b|It=1) is the probability that consumer h chooses brand b conditional on their
decision to make a purchase,

P(ta = q}, | =1Ct=b ) is the probability that consumer h buys g}, units of the good, conditional

on their brand choice and making a purchase*.

We model purchase incidence, brand choice and quantity purchased separately for a given shopping trip. An
important part of both the incidence and quantity decision is each consumer’s rate of consumption and the
inventory they hold at any given time. In the fashion of AN we discuss the process for identifying inventory

and flexible consumption rate.

Inventory:

We follow the methods of many researchers in the marketing literature by recursively calculating inventory
levels for each consumer over time based on purchases made and an assumed rate of consumption(Gupta,
1988, Bucklin and Lattin, 1991, Chintagunta, 1993, Ailawadi and Neslin, 1998, Sun, 2005, Bell and Boztug,
2007, Ailawadi et al., 2007, Neslin and van Heerde, 2009, Chan et al., 2008). The evolution of inventory is

modelled as:

invly = invh_ 1 + PueryZ _1— consumptionh_4 (2)
where:
invl is the inventory of consumer h at the beginning of day d,
PurQtyh _4 is the quantity of the category purchased by consumer h at on day
d—1~,
consumptionl _4 is the quantity of the category consumed by consumer h at on day d — 1.

We use d to denote the day, as opposed to t in other equations, as inventory and consumption are estimated

daily, while purchasing decisions only occur when a store is visited. We assume that each consumer enters

v Each consumer does not necessarily visit a supermarket every day. We do not model the decision to visit the store, as is
typical of this literature: for reasons of tractability, this is assumed to be exogenous.
* this can only be positive if a shopping trip has occurred in t-1.

10
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the observation horizon with two weeks’ worth of their average consumption as their inventory, however the
value of the starting inventory does not quantitatively affect our results, as is consistent with the
literature(Ailawadi and Neslin, 1998, Bell and Boztug, 2007, Erdem et al., 2003). Therefore, the starting
inventory is 14 times the average daily consumption rate (inv} = cons” * 14), where cons” is the average
daily consumption rate, calculated as the total volume purchased divided by the number of days within the
initialisation period. Importantly this assumption means we do not allow for waste in any explicit way. This
is an insurmountable shortcoming of the data; however, we would suggest that the waste of food and drink is
equally a negative outcome, which should also be considered in the context of price promotions and public

policy.

Consumption rate:

The AN assumption is that consumption follows a continuous non-linear function that increases in inventory

on a given day and the average level of consumption, of the form:

W cons”
consg = invy

(3)

cons" + (invé})IJJ

Where s is a single parameter that is restricted to be less than 1 and can be negative. It governs the extent to

which consumption increases with higher levels of inventory.
AN justify the use of this function because it has the following desirable characteristics.

1) It is parsimonious with only a single parameter to be estimated;

i) Consumption does not exceed inventory, removing the need to truncate the function;

iii) High values of {yr imply less flexible consumption because consumption initially increases with
inventory and then levels off. Low values of Y imply flexible consumption, where consumption
continually increases with inventory.

h

1v) For a given value of {5, consumers with a high cons" consume more than low users for any given level

of inventory, as displayed in Annex 2Error! Reference source not found.;

For a given value of average consumption, the value of { determines the extent to which consumption
responds to inventory. A value of { close to 1 indicates that consumption is close to constant at the average

rate of consumption. A lower value of s increases the extent to which consumption depends on inventory.

We use a different probability model for estimation of each of the three decisions. The purchase incidence
follows a binary logit, the brand choice a McFadden choice model (McFadden, 1973), which is a form of
conditional logit model which allows for case specific fixed effects and a truncated Poisson distribution for

the quantity decision. In the brand choice decision, we calculate the expected value of making a purchase for
11
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every shop visit: this expected value from the brand choice decision affects the likelihood of purchase
incidence through the “inclusive value”(Hausman et al., 1994, Ailawadi and Neslin, 1998, Hendel and Nevo,
2006). Reduced form modelling of consumer decisions creates several issues of econometric identification. In

terms of prices and price promotions our model requires three assumption:
A1. Price promotion setting is exogenous.

Price exogeneity, the notion that once we condition on observed variables and household fixed effects the
price process is independent of the unobserved random elements of the model, is pervasively assumed in the
literature (Erdem et al., 2003, Hendel and Nevo, 2006, Ailawadi and Neslin, 1998, Bell and Boztug, 2007,
Chan et al., 2008, Ebling and Klapper, 2010). We use their same justifications: we are using household-level
data and we control for unobserved household characteristics, so if promotions are targeted to certain factions
of the market that dependence of promotions will be absorbed. The main concern is seasonality of purchase
decisions, with promotions targeted at periods of high consumption when the likelihood of a sale changes: we

model seasonality using quarterly dummies in our purchase incidence decision to control for this.
A2 Observed price changes are attributable to price promotions not to changes in supply.

In the data we observe frequent price promotions for individual goods. For the goods analysed here over our
2 years of data the price variation observed is either completely or almost completely driven by price
promotions as observed in Figure 2 below. As an example, we show the weekly price of a particular brand of
cola drink served in 2lt bottles at a single British supermarket. We see that the non-promoted price per litre is

almost constant, with the price variation driven wholly by promotions.
[Figure 2a & b here]

The third identification issue associated with the reduced form demand model is the separation of the three
purchasing decisions. Particularly there are identification issues associated with the use of the same price

changes in multiple models concurrently i.e.,

A3: Having decided to make a purchase, the impact of price promotions on decision of how much to buy is

independent of the impact of price promotions on the decision to make a purchase.

An important analysis of the relative merits of the ‘separate’ (reduced form) and the ‘single utility’ (structural)

models has been performed by Ebling and Klapper (2010). They find that, for the beverage market, unifying

does improve model fit over the separable model. However, they conclude that all models present results that

are ‘quite intuitive and in line with the characteristics of the data... and that using one model over another

12
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causes no substantial harm’. We therefore feel confident that this model is appropriate to analyse the impact

1

2

3 of price promotions.

4

6 The remainder of this section outlines the specification of the models for purchase incidence, brand choice
; and quantity decisions.

9

10 Purchase incidence model:

13 Product purchase incidence is modelled as a binary logit with household level fixed effects.

15 1

16 h=1)=
17 P(It 1) 14+e” Utility of incidence}

(4)

20  where Utility of incidence is modelled in the following way:

3
by — h—yh— o i h : h . h h 4 h h
24 Utility of incidencei = Vi = y1inv¢ + yqincl_valt + yzinci 1 + ZmiQt +yi+ ot  (5)

25 i=1

og  Where, inv? is their inventory just before the visit t (as described in equation 3), incf_; is whether the
consumer purchased any of the category on their last shopping trip and incl_vall is the inclusive value, or
category value of the brand selection model (equation 6) for consumer / on visit ¢ defined as:

34 B

35 incl_val =1n
b=1

ey i oh
eUtlllty of brand choicep; (6)

where Utility of brand choice}, is defined in the next section. Within the multinomial logit framework, this
inclusive value is thought of as the expected utility from making a purchase, based on the prices, promotions
43 and products that the shopper is presented with on their trip (B, the product range available in the store).

45  We can think of it as the expected value of making a purchase.

We include quarterly dummies Q, a fixed effect for each consumer and a mean zero, type I extreme value,
exogenous and homoscedastic error term, @?. We use stata command xtlogit, fe to estimate the purchase

51 decision.

54 By including the inclusive value from the brand choice in our incidence model we are able to allow for prices

s¢  and promotions to influence the purchase decision indirectly.

Brand choice model:

13
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The brand choice decision is taken conditional on a purchase being made. Therefore, there is no outside option
and we follow a conditional logit model. The probability of consumer /4 selecting brand b at time ¢, is

conditional on purchase incidence as follows:

eUtility of brand choice},

P(Ch=bplll=1)= (7

B Utility of brand choicel,
b= 16

where:

Utility of brand choicel, = Ul = agp + ayln (PriceZt) + a,TPR}, + asMultiBuy}, + cuLastﬁt
+ a5BrandLoyaltyZ + aJypeLoyaltyZ + a7PackL0yaltyZ + agFlavourLoyaltyg + agp
cons" + al + &} (8)

Where ag, is a brand specific constant term, Pricelis the price of brand in the supermarket that consumer h
visited at time t, promotion dummy variables are split into two types, price reduction (TPR) and multi-buy,
agLastZt is a dummy stating whether the brand was purchased by the consumer on their last shopping trip,
BrandLoyalty}, TypeLoyalty}, PackLoyalty} and FlavourLoyalty} are time invariant consumer specific

variable indicating the portion by volume of brand, type*", the packaging*ii and flavour®iii of b as a total

purchases of the consumer over the initialisation period.

The constant term and the coefficient on average daily consumption from the initialisation period (coms™) are
allowed to vary by brand b. a? is the consumer and shop visit, consumer-shop fixed effect, and ]! are
independent Type I (Gumbel-type) extreme-value random variables with mean y (the Euler-Mascheroni
constant, approximately 0.577) and variance 7 2/6. Stata’s command asclogit is used for the estimation

(StataCorp.).

xi The type depends on the product:
- baked beans and ketchup we distinguish between standard, low salt, organic, or value
- peanut butter distinguishes between smooth, crunchy organic, no added salt and alternative nut butter
- children’s cereal we distinguish between types: frosted flakes, honey flakes, plain rice, chocolate rice, chocolate balls,
honey balls, honey loops, chocolate loops, sugar puffs, honey puffs, shredded squares, honey shredded squares, frosted
shredded squares, chocolate or chocolate orange shredded squares, honey clusters, cookies or chocolate bar
imitations.
- crisps are normal, premium, baked, crinkle cut, light
- yoghurt types are normal, non-dairy, diet, high protein, French set, fromage frais
- everyday biscuits are butter, bourbon, custard cream, digestive, chocolate digestive, cookies, nut, ginger, wafer,
shortbread
children’s biscuits are chocolate, animal, fingers, iced, small cookies, jam, wafer and themed icing where biscuits depict famous
characters.
xii The packaging distinguishes between cans and large plastic bottles for drinks; plastic, glass or bottles over 1Kg for ketchup;
single or multipacks for baked beans and natural yoghurt; peanut butter, everyday biscuits and children’s biscuits are divided
into large and small sizes, peanut butter at 500g, everyday biscuits at 350g and children’s biscuits at 90g.
il Eor flavoured yoghurt and crisps we distinguish between flavours. For yoghurt these are fruit, fruit combinations, honey,
vanilla and chocolate. For crisps there are plain, salt, salt and vinegar, cheese and onion, varieties of meat flavour, prawn
cocktail, as well as newer combinations of flavours.
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Purchase quantity model:

Conditional on the brand-type-size combination chosen by household /4, and the fact that they have chosen to
make a purchase of the product, the consumer must choose the number of units (bottles, cans, packs) they
wish to buy. Note that the quantity here is in units of brand/size. For example, when product is cola (cereal)
in a 2LT bottle (500g box) a ¢ =2 means 2x2LT bottle (2x500g box) has been purchased. This in turn implies
a total volume of 4LT (1kg) or 400CL (100 units of 10g).

A truncated-at-zero Poisson model governs probability of purchasing ¢ units (¢ > 0), given that the purchase

incidence and brand decision hurdle has been passed:

b

Plghiih=1)=———
(at |1 =1) nw

)

where the Poisson parameter A} is a linear function of (mean-centred) inventory, the size, price, and promotion
status of the selected brand-size. Due to computational limitations we were not able to estimate this truncated
Poisson using fixed effects. Instead we perform a least squared dummy variables type truncated Poisson
estimation using Stata’s tpoisson command, incorporating the Mundlak method (Mundlak, 1978). The
Mundlak method includes the means of the explanatory variables, clustered by household. This approximates
the time invariant individual effects as a function of individual means of time varying characteristics. We also

cluster standard errors by household.

AP = ¢pqdn (Pricel) + ¢p,TPRY + ¢poMultiBuy? + ¢p4INV} + psPackSize! + ¢eln (Price)” + ¢,TPR"
+ qbgMultiBuyh + ¢)gINVh + gbloPackSizeh + qbllConsh + el (11D

Where, In (Price}) is the natural log of the price paid by the consumer at time #; TPR} is a dummy variable
equal to 1 where the good purchased is on price reduction , 0 otherwise; MultiBuy? is a dummy variable

equal to 1 where the good purchased is on multi-buy promotion, 0 otherwise; INV? is the same inventory level

as presented in the incidence model; PackSize} denotes the volume of the chosen package; In (Price)h, TPR"

,MultiBuyh, INV" PackSize" are the averages of the corresponding explanatory variable by consumer;
Cons" is the average level of consumption from each consumer from the 2016 data; e}, is a normally

distributed error term that is mean zero and allowed to be correlated for within consumer observations.

We estimate the three decisions above using a likelthood maximisation set out in AN (see Annex 3 for
estimation details). For comparison to flexible consumption rate model we also estimate one with constant

consumption rate at the household’s average rate of consumption in the initialisation period.

Finally, in our calculation of the overall impact of price promotion on sales volumes (Table 4) we calculate

semi-elasticities for the incidence model (equation 5, using the stata command aextlogit (Santos Silva,
15
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2016, Kemp and Santos Silva, 2016)) and marginal effects for the impact of price changes on quantity

purchased model (equation 11, using the stata command margins with zero-truncated conditional means).

5. Results

Model fit

Table 2 (split into a and b) shows the relative likelihoods from estimation processes of flexible and constant
consumption rate, respectively, for the food and beverage groups under study. As with other research in using
these methods (Ailawadi and Neslin, 1998, Ailawadi et al., 2007, Sun, 2005, Chan et al., 2008), we find that
a flexible rate of consumption underlying the estimation of an inventory significantly improves the overall fit
of the model when compared to a model of constant consumption rate. The likelihood ratio (L-R) tests

confirms that there is an improvement for all products analysed.

[Tables 2a and 2b here]

We further perform a likelihood ratio test on the combined likelihoods of the incidence and quantity model to
compare the fit of the models under constant and flexible consumption (brand choice is assumed not to be
affected by inventory). The L-R test rejects HO that consumption (eating, drinking or waste) is constant and
does not depend on inventory for all products. Ketchup and peanut butter are estimated to be the most
inflexible (y closest to 1) which aligns with the dynamic demand estimation literature that frequently use
ketchup (or toilet roll or laundry detergent) as an example of a product for which little or no additional utility

is gained from consuming more.

The majority of the fit improvement (increase in likelihood) is contained in the purchase incidence portion of
the model. The improved fit of the model in allowing for flexible consumption is driven by the inventory
coefficient in the incidence regression. This implies that remaining inventory is more important in the decision

of whether to make a purchase and less important when consumers decide how much to purchase.

We can also observe the importance of consumer heterogeneity when we compare groups of cola shoppers:
households that on average purchase greater volumes are estimated to be less flexible in their consumption
(estimates of the parameter s are closer to 1). This implies that their estimated consumption rate depends less
on their inventory: consumers with consistently higher levels of household inventory are able to maintain a

consistent (high) level of consumption without fear of stock out.

Finally, in Table 3 we show the extent of the improvement of model fit across all products for the flexible

consumption by including fixed effects.
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[Table 3 here]
Impact of price promotions

We briefly discuss the direction and significance of the coefficients in each of the three decision models (as
the magnitude of the coefficients is not directly interpretable) and then focus on the analysis of elasticities and
marginal effects of promotions and associated price changes on purchase volumes. Detailed tables of the
regression models from each of the three decisions are shown in Annex 4 and volume effect results are

presented in Table 4.

The regression results are consistent across all food products in terms of sign and statistical significance for
the major variables of interest. The incidence model (Table A4.1) shows that households are more likely to
make a purchase when their household inventory is lower and the coefficient for the inclusive value (expected
utility of making a purchase) is positive. For all products, the inclusive value (expected utility of making a
purchase) has a positive impact on the purchase decision. For consumers of cola, the top quintile and tercile

are more responsive to changes in the inclusive value.

In the brand choice, coefficients for price are negative, promotion dummies are positive with brand and
product loyalty increasing likelihood of purchases. For all products the TPR dummy coefficient is larger than
for multi-buys: implying that price reductions are more important in both brand choice and in purchase
incidence (through the inclusive value). For consumers of cola, the top quintile and tercile are more sensitive

to prices and both types of promotion in their product selection than all consumers.

In the quantity decision model, the price coefficient is also negative and coefficients on the promotion
dummies are positive. As expected, given that multi-buy promotions enforce higher purchase volumes, the

coefficient for multi-buy is larger than TPR in the quantity decision.

It is difficult to interpret the coefficients of logit and Poisson models as read. In the literature it is therefore
typical to use the derived elasticities and marginal effects the key coefficients of interest. We derive (semi-)
elasticities for key variables in the incidence model (fixed effects logit (Kitazawa, 2012)) and marginal effects
for key variables in the quantity model to calculate the aggregate impact of price promotions on purchase
volumes (Table 4).

[Table 4 here]

Price promotions manifest in two ways: the price reduction and the indicator (label, colour or position) that
the product is on promotion. Thus, both the brand choice and purchase quantity models include a dummy for

each purchase on promotion and a continuous variable for the price. To calculate the total volume reduction
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from removing price promotions we use the impact of both the promotion dummy and the price elasticities on

the purchase incidence and purchase quantities.

Using the marginal effects at the means calculated from incidence and quantity model (tables A4.1 and A4.3)
we calculate the impact on purchase incidence and quantity for the removal of each type of promotion. For
the purchase incidence model the impact of removing price promotions is calculated indirectly through the

reduction in the inclusive value from the brand choice model.
Impact on purchase incidence

The removal of promotions leads to a reduction in the average inclusive value for the brand choice (expected
value of a purchase). This effect is larger for all products in the case of TPR because of the larger pull in
comparison to multi-buys in the brand selection (table A4.2). In addition, the average “effective” price
reduction associated with TPRs is larger than for multi-buys for all products except for baked beans where the

effective price reduction for a multi-buy is equivalent to unit price under the multi-buy promotion.

The overall impact of TPRs on purchase incidence varies from around 4% for everyday biscuits, peanut butter
and natural yoghurt to over 30% for lemonade, multipacks of flavoured yoghurt, children’s biscuits and
ketchup. For cola drinks the impact of TPRs is much larger when we consider frequent consumers compared

with less frequent.

The effect of removing multi-buy promotions on incidence is generally smaller than for TPRs, with incidence
changes estimated between <1% for children’s biscuits, ketchup, peanut butter and natural yoghurt and 23.6%
for single large pots of flavoured yoghurt. Everyday biscuits and large pots of yoghurt are the only categories
for which there is a greater impact of removing multibuys than TPRs. This is likely driven by the frequency
of multibuy promotion purchases compared to TPRs: large pot flavoured yoghurt are sold on multibuy
promotion 36.2% of the time compared to 32.8% TPR, every day biscuits are sold on multibuy promotion

15.0%, compared to 15.3% on TPR.
Impact on purchase quantity

To calculate the impact of removing promotions on purchase quantity conditional on incidence we use the
estimated marginal effects of the promotional dummies and the price from the quantity model (Annex 4) and
compare to the sales estimate for the average consumer when promotional dummies are set to zero and the
price is set to the average non-promotion price for the products. The reduction in per purchase quantity from
removing TPRs varies from 1.3% for lemonade to 13.5% for children’s biscuits, while the impact of removing
multi-buys is again smaller for all products, except lemonade, large pots of flavoured yoghurt and everyday

biscuits, and varies from 0.01% (ketchup and peanut butter) to 25.6% (flavoured yoghurt (large pots)).
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Once the promotional impacts on purchase incidence and purchase quantity have been combined, we see a
larger impact of TPR than multi-buys on volume purchased for all but two products. For the remaining
products, TPR promotions leads to at least 50% greater increases in sales volume than multi-buy promotions.
While it seems counterintuitive that the multi-buys have a smaller effect on quantity purchased (as inherently
the multi-buy promotion requires a larger quantity of purchase to qualify for the promotion), the relatively
lower proportion of this type of promotion in the purchases and the relatively greater percentage price discount
in the case of TPRs means that the latter yields a more substantive effect. This impact can be seen most clearly
in the Ketchup sub market, as the share of volumes bought on multi-buy promotion are low (0.2% on multi-
buy vs 57.3% on TPR). To the contrary, for two products (large pot flavoured yoghurt and everyday biscuits)
we observed greater effect from removing multi-buy promotions in comparison to TPRs (13.8% vs 5.9% for
yoghurt, 6.9% vs 4.6% for everyday biscuits). These products had relatively greater share of multibuy sales

compared to TPRs sales.

Our analysis of different subgroups of cola purchasers shows that the removal of both kinds of price
promotions are more likely to be impactful on total purchase volumes for more frequent purchasers. We
estimate that removing TPRs leads to a 27.3% reduction for the top quintile of cola purchasers, compared to
a 6.4% reduction for all cola consumers. In addition, we see that the vast majority of purchase volumes made
are consumed by a small number of households. All households purchased 14,242 units while the top tercile

purchased 13,330 (93.6%) and the top quintile purchased 12,298 units (86.4%).

The coefficients for key variables are all statistically significant to at least the 1% level. However, a
consequence of the reduce form method is that there is no interpretation of, or linkages between, error terms
in the sub-models. The use of a variable that is the predicted value from another regression can be problematic
when we consider the estimated standard errors from this regression. However, we are confident that this issue

is not substantial given that the p-values for the inclusive value are never over 0.002 in our regression.

6. Discussion and conclusions

Price promotions in British supermarkets are not evenly distributed among healthy and unhealthy foods. Sugar
sweetened beverages, confectionary and children’s cereal are promoted more frequently than dietary staples
such as vegetables, grains and fruit. Our analysis of the impact of price promotions on purchases of high-
volume (top tercile) consumers show that both TPRs and multi-buy promotions encourage additional
purchases and greater purchase volumes. For most products, purchases on multibuy promotion are less
frequent than on TPRs. For these products TPRs increase the total purchase volume at least 50% more than
multibuys. We find that TPRs encourage more purchases to be made through increasing quantity purchased,
and multi-buys encourage larger quantities to be purchased once the decision to buy has been made, but having
a smaller impact on the decision to purchase. Consequently, the removal of either type of price promotions

would lead to a lower volume of products purchased. The defining feature of whether TPR is more impactful
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than multibuy is the relative frequency of each promotion. It follows that policies to restrict price promotions

in order to reduce consumption should consider how often each type of promotion occurs.

This paper is the first to use a reduced form demand model with flexible consumption to incorporate household
fixed effects and to differentiate between price reduction and multi-buy promotions. We have found that a
specification that allows consumption to depend on inventory fits the data significantly better than one that
assumes constant consumption rates. Because consumption is flexible and increases with inventory these
additional purchases do not allow consumers to engage in effective, money saving, stockpiling behaviour, but
lead instead to increased household consumption of that food or drink. This is consistent with marketing
literature that finds that price promotions lead to increased consumption (Van Heerde et al., 2004, Sun, 2005,

Bell and Boztug, 2007, Chan et al., 2008, Ebling and Klapper, 2010, Watt et al., 2020).

Our findings indicate that frequent promotions are leading to greater purchases among high-volume
consumers. We also know that products that are high in sugar, fat and salt are more likely to be promoted and
that high consumers of such less healthy products are at greater risk of obesity and related illness (Julia et al.,
2015, Mozaffarian, 2016). Therefore, it is reasonable to conclude that price promotions are highly likely to

have a negative effect on people’s diets (or indeed increase food waste).

Our analysis of households that purchase different quantities of cola drinks indicates that even the top fifth of
purchasers of this product are not reaching the point where they are satiated — price promotions contribute to
the purchasing of cola for all levels of consumers, and all levels of consumers will drink more cola as a result.
In comparing our results, the removal of price promotions is estimated to have a larger relative impact on
households that consume greater quantities than for the typical household. Food policy is targeted to reach
high consumers of unhealthy food. The ban on price promotions could have broader consequences on the
purchasing volumes of infrequent shoppers, however the greatest impact will be on those households
consuming the greatest amounts. The top quintile of cola purchasers is responsible for 86% of all cola

purchases so the wider impact is likely to be relatively small.

We have elected to analyse ten food groups and two beverages that can be easily stored until needed and do
not require refrigeration until they are opened. We estimate that the coefficient of flexible consumption is
closer to 1 (less flexible) for ketchup and baked beans than for children’s cereal and the sugar sweetened
beverages. Our findings are generally in line with the existing literature on price promotions, albeit food
categories and products covered in the literature often vary as most of this literature does not consider public
health implications. Ailawadi and Neslin (1998) and Ailawadi et al. (2007) found that yoghurt consumption
was more flexible than ketchup, Sun (2005) found yoghurt to be more flexible than tuna and Teunter (2002)
analysed six food and drink categories, finding that soft drinks and potato chips had the highest consumption

increase through price promotion.
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The consumer when faced with a promotion may have an expectation that the promotion is for a limited time
only, therefore the desire to bring forward future purchases and stockpile is created. For the policies like those

being enacted by the DHSC** we need to better understand retailer, as well as consumer, response.

While this research is informative about the impact of price promotions in Britain, finding that all types of
price promotions lead to increased consumption, it does not allow us to estimate the long run effect of
removing price promotions. It does, however, clearly indicate that price promotions are contributing to over-

consumption of some food categories and that price reductions are more impactful than multi-buys.

Many products that are frequently bought on promotion are high in sugar, salt and fat and are contributing to
the obesity epidemic facing the UK. Our results indicate that price promotions are contributing to this, both
through multi-buy promotions but dramatically more so through total price reductions. Policy initiatives to
reduce price promotions would be more effective in reducing consumption for frequent consumers of

unhealthy food if they were extended to include total price reductions.
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Table 1: Number of households, shop visit and purchase observations

Page 24 of 46

Sugar sweetened beverages HFSS foods Non-HFSS foods
Cola Cola (top Lemo Children's Flavoured Flavoured Crisps (multi Children's Everyday Peanut Baked Natural
Cola (all) | (top L Yoghurt Yoghurt - S Ketchup
. quintile) nade cereal . pack) biscuits Biscuits butter beans Yoghurt

tercile) (large pots) (multi pack)
# households 1,638 811 501 | 1,021 1,720 1,039 697 899 1,471 1,509 972 2,722 1,791 1,882
% households with children 33% | 35% 35% | 35% 47% 29% 23% 17% 63% 24% 35% 31% 41% 28%
# store visits 133,467 | 68,313 42,948 | 87,692 139,783 82,545 53,237 71,716 119,839 118,904 80,136 | 224,196 | 146,889 152,227
# purchases 11,152 | 9,568 8,123 | 8875 15,031 10,133 9,446 11,830 15,194 17,924 6,578 34,450 9,575 28,770
ﬁeiz)afnual spend per 2027 | 35.00 48.14 | 10.22 2334 19.04 30.00 2427 14.57 12.17 13.00 14.22 1026 24.19
?ﬁfﬁ‘gﬂml volume per hh 28.14 | 4953 69.49 | 25.66 6.46 7.75 14.04 3.59 230 6.85 6.56 14.01 3.91 10.64
0, .
rﬁ’uﬁl‘igcuhyase (count): 74% | 8.0% 84% | 6.9% 6.7% 36.2% 6.0% 20.4% 0.9% 15.0% 0.2% 4.5% 0.2% 2.6%
0, .
7 purchases (count): total 408% | 39.2% 38.6% | 53.0% 54.2% 32.8% 42.7% 40.8% 65.6% 153% 19.0% | 31.0% | 573% 19.6%
price reduction
Total bought on promotion 482% | 47.2% 47.0% | 59.9% 60.9% 69.0% 48.7% 61.3% 66.6% 30.3% 19.3% 35.4% 57.5% 222%
Min # of purchases per year 1 45 8.5 4 5.5 10.5 55 6.5 6 7 35 10 3 6.5
(average, 16-17)

Notes: P Annual spend and volume per household for each food category. ¢ Multi-buys are volume based discounts, in which an additional % or additional units are offered upon purchase of
a specified amount (e.g. buy-one-get-one-free deal, or 30% extra free). ¢ Total price reductions (TPR), in which the good is offered at a price below recommended retail price, often presented
as a % discount off the price.
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Table 2a: Comparison of goodness of fit for flexible consumption

Health Economics

Flavoured Yoghurt (large

Flavoured Yoghurt (multi

Cola (all) Cola (top tercile) Cola (top quintile) Lemonade Children's cereal pots) pack)
Const cons Const cons Const cons Const cons Const cons Const cons Const cons
(2017) Flex cons [(2017) Flex cons [(2017) Flex cons [(2017) Flex cons [(2017) Flex cons|(2017) Flex cons |(2017) Flex cons
Purchase incidence estimation
# households 1,638 811 501 1,021 1,720 1,039 697
# observations 133,467 68,313 42,948 87,692 139,783 82,545 53,237
Log-likelihood —26,405| -26,318 -20,391| -20,305 —15,765| -15,684 —21,710| -21,675 —38,590| -38,555 -23,102| -22,996 —18,229| -18,114
Quantity purchased estimation
# observations 11,152 9,568 8,123 8,875 15,031 10,133 9,446
Log-likelihood —8,075| -7,799 -7,423| -7,189 -6,726| -6,521 —6,843| -6,867 —8,040| -7,986 —9,464| -9,453 -7,411 | -7,472
Overall model
Parameter - f|
value - 0.13 - 0.12 - 0.16 - -0.10 - -0.10 - -2.62 - -0.17
Log-likelihood|  -34,480| -34,117 -27,814| -27,495 -22,491] -22,204 -28,554 -28,541 -46,630| -46,541 -32,566 -32,449 -25,640 -25,586
L-R Test Stat 725.71 638.51 572.98 24.24 179.63 234.13 108.91
P-Value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Notes: Model fit results from the reduced form model of each food and drink category, showing an improvement of fit associated with flexible consumption rates. The L-R Test Stat (Likelihood ratio test statistic) follows a Chi-Squared
distribution with two degrees of freedom: the inventory model is affected by the flexible consumption model and enters our model of purchasing twice.
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Table 2b: Comparison of goodness of fit for flexible consumption

Health Economics

Page 26 of 46

Crisps (multi pack) Children's biscuits Everyday Biscuits Peanut butter Baked beans Ketchup Natural Yoghurt
Const cons Const cons Const cons Const cons Const cons Const cons Const cons
(2017) Flex cons [(2017) Flex cons [(2017) Flex cons [(2017) Flex cons |(2017) Flex cons [(2017) Flex cons (2017) Flex cons
Purchase incidence estimation
# households 899 1,471 1,509 972 2,722 1,791 1,882
# observations 71,716 119,839 118,904 80,136 224,196 146,889 152,227
Log-likelihood —24,877| -24,816 —35,877| -35,869 -39,565| -39,482 —18,075| -18,069 -76,111 | -75,964 -28,021 | -28,014 —57,342| -57,061
Quantity purchased estimation
# observations 11,830 15,194 17,924 6,578 34,450 9,575 28,770
Log-likelihood -9,487| -9,416 -14,064| -14,001 -17,378| -17,322 -2,152| -2,142 -29,308| -29,343 -1,633| -1,631 -19,007| -18,691
Overall model
Parameter - f|
value - -0.61 - -3.09|- -0.32 - 0.93 - 0.60 - 0.82 - -0.45
Log-likelihood| -34,364| -34,231 -49,942 -49,870 -56,944 -56,805 -20,227| -20,212| -105,418] -105,307 -29,655 -29,645 -76,349 -75,752
L-R Test Stat 265.72 143.37 277.47 30.81 223.73 19.10 1,194.25
P-Value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Notes: Model fit results from the reduced form model of each food and drink category, showing an improvement of fit associated with flexible consumption rates. The L-R Test Stat (Likelihood ratio test statistic) follows a Chi-Squared
distribution with two degrees of freedom: the inventory model is affected by the flexible consumption model and enters our model of purchasing twice.
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Table 3: Comparison of goodness of fit for fixed effects
Sugar sweetened beverages HFSS foods Non-HFSS foods
Flavoured Flavoured
Cola (top Cola (top Children's |Yoghurt Yoghurt Everyday Peanut Baked Natural
Cola (all) |[tercile) quintile) Lemonade |cereal (large pots)  [(multi pack) [Crisps (multi pack) |Children's biscuits |Biscuits butter beans Ketchup Yoghurt

Log-likelihood with flexible -34,117 -27,495 -22,204 -28,541 -46,541 -32,449 -25,586 -34,231 -49,870 -56,805 -20,212  -105,307 -29,645( -75,752
consumption
Log-likelihood without FE, -44,189 -32,558 -25,862 -33,684 -54,219 -37,389 -29,663 -39,259 -57,534 -64,598 -24,668|  -121,567 -35,751| -88,108
with flexible consumption

20,145 10,126 7,315 10,286 15,357 10,879 8,153 10,056 15,328 15,586 8,913 32,522 12,212 24,712
L-R Test Stat
P Value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001] <0.001

Notes: Model fit results from the reduced form model of each food and drink category, showing an improvement of fit associated with allowing for household heterogeneity through fixed effects. The L-R Test Stat (Likelihood ratio test
statistic) follows a Chi-Squared distribution with two degrees of freedom: the inventory model is affected by the flexible consumption model and enters our model of purchasing twice.
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Table 4: Impact of promotions on volume sales
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Sugar sweetened beverages HSSF foods Non-HSSF foods
. , [Flavoured [Flavoured . . ,
Cola (all) COli'l (top qua '(top [ cmonade Children's Voghurt (large  [Yoghurt (multi Cr1sp§ C.hlld.ren s E\'/ery.day Peanut  [Baked K ctchup Natural
tercile) quintile) cereal ots) ack) multi pack) [biscuits Biscuits butter beans Y oghurt
INumber of consumers 1,638 811 501 1,021 1,720 1,039 697 899 1,471 1,509 972 2,722 1,791 1,882
INumber of store visits 133,467 68,313 42,948 87,692 139,783 82,545 53,237 71,716 119,839 118,904 80,136 | 224,196 146,889 | 152,227
Number of purchases 11,152 9,568 8,123 8,875 15,031 10,133 9,446 11,830 15,194 17,924 6,578 34,450 9,575 28,770
|Volume purchased 14,242 13,330 12,298 12,838 18,748 16,541 13,581 18,361 23,965 31,484 7,532 60,289 10,181 37,510
% purchase incidence 8.4% 14.0% 18.9% 10.1% 10.8% 12.3% 17.7% 16.5% 12.7% 15.1% 8.2% 15.4% 6.5% 18.9%
Share of incidence TPR 40.8% 39.2% 38.6% 53.0% 54.2% 32.8% 42.7% 40.8% 65.6% 15.3% 19.1% 31.0% 57.3% 19.6%
bought on promotion Multibu
y 7.4% 8.0% 8.4% 6.9% 6.7% 36.2% 6.0% 20.4% 0.9% 15.0% 0.2% 4.5% 0.2% 2.6%
Average purchase quantity per incidence 1.28 139 151 145 125 1.63 1.44 1.55 1.58 1.76 115 1.75 1.06 130
. . . 17.64 17.73 18.62 13.19 8.39 9.64 10.09 10.97 12.89 8.32 9.81 17.14 14.30 10.35
IMean inclusive value from brand choice
(0.75) 0.8)] (0.85) (1.03) (0.96) (0.87) (1.25) (0.82) (1.25) o7 a4y a2 (1.07)|  (2.08)
TPR 17.27 16.76 17.60 11.67 7.60 9.12 9.21 10.12 11.72 8.09 9.54 16.50 12.99 10.05
Mean inclusive without (0.73) (L1a] (1.2 (1.54) (0.95) (0.99) (1.44) (1.12) (1.24) 0749 s6| 136  115]  (2.09
romotion
P . 17.60 17.56 18.41 12.96 8.20 8.97 10.00 10.44 12.87 8.00 9.81 17.06 14.30 10.31
Multibuy
(0.75) 0.92)| (0.999) (1.14) (0.93) (0.93) (1.29) (1.03) (1.25) 085 43| (1.26) (1.08)|  (2.09)
Semi-elasticity of inclusive value (at 0.149 0.240 0.255 0.224 0.115 0.355 0.410 0.190 0.269 0.175 0.136 0.332 0.347 0.136
imeans) on purchase incidence
Purchase 0.0215)|  (0.0211)] (0.0214)|  (0.0206) (0.0113) (0.0213) 0.0228)|  (0.0193)] (0.0219)| (0.0187)] (0.0223)| (0.0089)| (0.0173)| (0.0121)
incidence :
Percentage reduction |TPR 55%|  233%| 260%|  33.9% 9.0% 18.4% 36.2% |  16.1%|  31.3% 4.0% | 3% 215%| 458% |  4.0%
lin incidence from
removing Multibuy 0.7% 4.2% 5.4% 5.0% 2.2% 23.6% 3.9% 9.9% 0.4% 5.6% 0.02% 2.9% 0.3% 0.5%
TPR 0.091 0.105 0.115 0.079 0.522 0.299 0.337 0.361 0.277 0.316 0.672 0.269 0.736 0.230
Purchase gl‘l’:lfgfy‘ec‘ﬁo‘i?}frte for (0.05) 0.05)|  (0.05) (0.04) (0.07) (0.06) (0.06) (0.07) (0.03) 0.00)]  (0.13)]  (0.02) 0.14)]  (0.04)
uantit g
K Y promotion dummy Multibuy 0.330 0.317 0.291 0.489 1.393 0.914 0.822 1.064 0.844 0.675 2.675 0.745 2.534 0.815
(0.07) 0.07)|  (0.06) (0.08) (0.1) (0.08) (0.08) (0.08) (0.09) 0.00)]  (02D)]  (0.04) 05D ] (0.09)
28
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IMarginal effect for quantity choice
In(Price)

-0.107

-0.131

Health Economics

-0.157

-0.256

-0.144

-0.146

-0.133

-0.275

-0.124

-0.250

-0.072

(0.06)

©

©)

(0.05)

(0.03)

(0.1)

(0.05)

(0.07)

(0.05)

(0.04)

(0.03)

(0.04)

©)

(0.03)

|Average In(Price) TPR
reduction for purchases

-0.016

-0.024

-0.024

-0.137

-0.315

-0.276

-0.372

-0.251

0.077

-0.097

-0.209

-0.442

-0.091

-0.141

(Own Brand and )
IBranded treated Multibuy
separately)

-0.092

-0.100

-0.112

-0.113

-0.372

-0.358

-0.088

-0.254

-0.217

-0.097

0.141

-0.334

-0.144

-0.148

Percentage increase in TPR

2.9%

3.0%

3.0%

23%

25.8%

4.8%

9.2%

9.3%

13.6%

2.6%

12.1%

2.9%

65.6%

3.4%

per purchase quantity Multibuy

1.9%

1.8%

1.6%

2.3%

7.7%

22.3%

3.5%

15.6%

0.5%

5.8%

0.5%

1.7%

0.5%

1.6%

Combined percentage [TPR

6.8%

24.8%

27.5%

35.4%

22.7%

20.2%

41.3%

20.3%

42.5%

4.4%

5.8%

22.6%

88.6%

4.7%

lincrease in combined
[purchase volume Multibuy

0.8%

4.4%

5.5%

5.2%

2.7%

32.3%

4.2%

13.1%

0.4%

6.5%

0.0%

3.0%

0.3%

0.6%

IRelative effectiveness of TPR vs
Multibuy

8.0

5.6

5.0

6.9

8.5

0.6

9.9

1.6

94.8

0.7

311.2

7.6

295.9

8.3

Notes: * not included in calculation of impact because the coefficient is not significant.
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Figure 1: Share of volume of sales purchased on promotion by food / drink category (all promotions and
multi-buy promotions
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23 Note: Author’s calculations from Kantar GB Fast Moving Consumer Goods (FMCG) panel.
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Figure 2a: Prices over time for an 8 pack of 330ml cans of cola, with average prices per promotion by type
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Notes: The blue line denotes the observed prices, TPR (Total price reductions) and Multi-buy promotions are signified using colours bars at the bottom, the average
price for promoted and non-promoted are denoted by horizontal lines.
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Figure 2b: Prices over time for 2Lt bottle of a single brand of lemonade, with average prices per promotion
by type
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Notes: The blue line denotes the observed prices, TPR (Total price reductions) and Multi-buy promotions are signified using colours bars at the bottom, the average
32 price for promoted and non-promoted are denoted by horizontal lines.
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>, Annex 1: Initialisation period and decision summary statistics
3 Table Al.1a Summary of households and variables for each household. Values are for the whole year (2017 in the modelling period and 2016 in the
4 initialisation period).
5 . oL . , Flavoured Yoghurt (multi
Cola (all) Cola (top tercile) Cola (top quintile) Lemonade Children's cereal Flavoured Yoghurt (large pots) pack)
6
Mean D Min | Max Mean D Min Max Mean D Min Max Mean D Min Max Mean D Min Max Mean D Min Max Mean D Min Max

7 S i S i S i S i S i S i S i
BModelling period (2017)
Surchase incidence! 0.08| 028] 0.00 1.00| 0.14| 035| 0.00 100l 019] 039] 0.00 1.00| 0.10| 030] 0.00 100 011 031| 000| 100| 012| 033| 000| 1.00| o018| 038] 000 1.00
10
1
ﬁfdifi”’er 145 094| 100| 1600 150 099| 100 1600| 1.56| 1.04| 1.00| 1600| 148| o086| 1.00| 1700| 126| 059| 1.00| 1000| 1.72| 087| 1.00| 13.00| 1.53| 0.86| 1.00| 12.00

ce t or g . . . . . . . . . . E . . . . . . . . . . . . . . . . .
TR2ice (£/Lt or £/Kg) 071 028] 0.17 1.64| 070 028] 0.17 164 068 028] 0.17 161 041| 028] 0.10 222 378| 13| 052 1035 252| 059 030| 7.08| 218 1.02| 033| 725
Eitialisation period (2016)
@Sfons“mp“"n 8.65| 14.77| 034| 167.84| 1550| 18.56| 0.34| 167.84| 21.57| 21.15| 055| 167.84| 7.73| 10.58| 0.55| 139.36| 2.33| 1.88| 0.11| 2039| 203| 2.62| o012| 2727| 4.01| 435| 012| 3296
Tand Loyalty 1 035 044| 0.00 1.00| 041| 045| 0.00 1.00| 046| 046| 0.00 1.00| 002] 0.12] 0.00 100 050| 037 000 100 015| 029| 000| 1.00| 028| 040| 0.00| 1.00
17
figand Loyalty 2 0.50| 0.47| 0.00 1.00| 042| 045| 0.00 1.00| 036 044| 0.00 1.00| 0.04| 0.15| 0.00 100 033] 035| 000 100 o011| 029| 000| 1.00| 013| 029| 0.00| 1.00
Byand Loyalty 3 0.15| 0.34] 0.00 .00 0.17| 035| 0.00 00| 018 037] 0.00 1.00| 0.17| 032] 0.00 .00 010| 024| 000| 100[ 006| 020| 000| 1.00| 001| 006| 000 1.00
2§?andLoya1ty4 0.05| 0.15| 0.00 .00 001| 006| 000 100 006| 020| 000 1.00| 002| 010 000 1.00
21
Byand Loyalty 5 0.09| 022 0.00 1.00] 005| 016| 000| 100| 000| 000 000| o000 000| 003| 000 073
Rand Loyalty 6 0.07| 020 o0.00 1.00 0.01| 0.07| 000| 1.00| 045| 043| 0.00| 1.00
N4
ran
igand Loyalty 7 0.02| 012 0.00 1.00 0.30| 038| 0.00| 1.00| 001| 006] 000 1.00
2and Loyalty 8 0.03| 0.14| 0.00 1.00 0.06| 0.16| 0.00| 1.00| 001| 005 000 080
D7
ggand Loyalty 9 052 044 0.00 1.00 026 035| 0.00| 1.00| 003| 012] 000 1.00
29andLoyalty10 0.03| 0.14| 0.00 1.00
30

and Loyalty 11 0.01| 010| 000 1.00
[3and Loyalty 12 0.02| 0.11| 0.00 1.00
K]

Packaging loyalty 1 0.51| 047| 0.00 1.00| 055 046| 0.00 100 060 045 0.00 1.00|  091| 024] 0.00 1.00
[35ckaging loyalty 2 049| 047| 0.00 1.00| 045 046| 0.00 1.00| 040| 045| 0.00 1.00| 009| 024] 0.00 1.00
b ype loyalty 1 0.00| 001| 000 028 003| 013 000| 1.00| o004| 0.16] 000 1.00
3kype loyalty 2 0.05| 0.15| 000 1.00| 034| 038| 000| 1.00| o001| 006| 000 1.00
3l%peloyalty3 0.16| 026 000 100 008 022 000| 1.00| 004| 0.14] 000| 1.00
faY

J
iPype loyalty 4 0.01| 005| 000 1.00] 003| 014 000| 1.00| 006| 0.18] 0.00| 1.00
A2 e loyalty 5 0.04| 0.13| 000 100| o011| 029| 000| 1.00| 024| 035| 0.00| 1.00
a4

> http://mc.manuscriptcentral.com/hec
44
45

46




46

Page 35 of 46 Health Economics

| Type loyalty 6 0.05| 0.17] 000| 100 041| 039 000| 1.00| 001| 006 0.00| 1.00

Jrype loyalty 7 0.03| 0.10| 000 1.00 059| 041| 000| 1.00

3preloyalty8 0.12| 024| 000| 1.00 0.02| 0.10| 000| 1.00

SType loyalty 9 0.04| 0.14| 000| 1.00 0.00| 0.05| 000| 1.00

6[‘ype loyalty 10 0.01| 0.04| 0.00 0.93

7

rype loyalty 11 0.15| 028| 000| 1.00

9pre loyalty 12 0.04| 0.14| 0.00 1.00

1LY

.IT.f/pe loyalty 13 0.01| 0.07| 0.00 1.00

TRpe loyalty 14 0.01| 0.06[ 0.00| 1.00

3

_Isze loyalty 15 0.12] 025| 0.00 1.00

TSpe loyalty 16 0.15| 0.27| 0.00 1.00

}gpe loyalty 17 0.01| 0.06| 000| 1.00

Bwour loyalty 1 0.02] o11| 000| 1.00| 028| 033 000| 1.00

1F?av0urloyalty2 0.00| 002| 000| 050 005| 015 000| 1.00

plal

[F{avour loyalty 3 0.01| 008| 000| 1.00| 006| 018 000| 1.00

davour loyalty 4 003| o11| 000| 1.00| 001| 007 000 1.00

mie}

ras

Hgvour loyalty 5 0.00| 000| 000| 000| 0.19| 029 000| 1.00

Davour loyalty 6 0.01| 006| 000| 1.00| 003| 013| 000| 1.00

P6

Fpvour loyalty 7 005| 0.14| 000| 1.00| 000| 002 000| 057

D&vour loyalty 8 005| 0.15| 000| 1.00| 001| 008| 000 0.8
yalty

P9

Jpvour loyalty 9 0.06| 020| 000| 1.00| 002| 011| 000| 1.00

3 avour loyalty 10 0.00| 005| 000| 1.00| 003| 012] 000| 1.00

pJ

Favour loyalty 11 0.00| 0.04| 000| 1.00| 001| 006 0.00| 1.00

3

3avour loyalty 12 0.01] 005| 000| 072 003| 012] 000| 1.00

B avour loyalty 13 0.01| 004| 000| 075 o001| 005 000| 1.00

By yalty

Fpavour loyalty 14 0.11] 027| 000| 1.00| 002| 011| 000| 1.00

3§avourloya1ty15 0.06| 0.17| 000| 1.00| 001| 006 000| 1.00

20

-

ity vour loyalty 16 0.01| 005| 000| 079 o001| 008 000 1.00
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1Flav0ur loyalty 17 0.01| 0.08( 0.00 1.00 0.02( 0.07( 0.00 1.00
lavour loyalty 18 0.07( 0.19( 0.00 1.00 0.01{ 0.09( 0.00 1.00
yalty
%—‘lavour loyalty 19 0.00( 0.00( 0.00 0.00 0.09( 0.22( 0.00 1.00
g:lavour loyalty 20 0.00( 0.02( 0.00 0.50 0.00( 0.00( 0.00 0.00
q:lavour loyalty 21 0.01{ 0.07( 0.00 1.00 0.02( 0.11( 0.00 1.00
7
g—‘]avour loyalty 22 0.00| 0.00| 0.00 0.00 0.04| 0.16| 0.00 1.00
g:lavour loyalty 23 0.01| 0.07| 0.00 1.00 0.02| 0.13| 0.00 1.00
LAY
_IF.lavour loyalty 24 0.00( 0.02( 0.00 0.33 0.00 | 0.04( 0.00 0.80
TE2avour loyalty 25 0.00| 0.04| 0.00 0.57 0.03| 0.12| 0.00 0.93
I3
1FAavour loyalty 26 0.01{ 0.05( 0.00 1.00
THavour loyalty 27 0.05| 0.15| 0.00 1.00
I
: 7av0u1‘ loyalty 28 0.02( 0.09( 0.00 1.00
T®vour loyalty 29 0.18( 0.30( 0.00 1.00
1F?av0ur loyalty 30 0.01| 0.08( 0.00 1.00
n¥a}
f‘lavour loyalty 31 0.00( 0.00( 0.00 0.00
%’?avour loyalty 32 0.14( 0.28( 0.00 1.00
23
anvour loyalty 33 0.00( 0.00( 0.00 0.00
Zﬁavour loyalty 34 0.02( 0.08( 0.00 0.94
P6
j—}avour loyalty 35 0.02( 0.10( 0.00 0.88
28 Notes: For each household: 1. The % of store visits that result in a purchase of the good in question. 2. The number of packs bought. 3. The average daily consumption per household in centilitres in the initialisation period. 4. A [0,1]
29 variable indicating loyalty to brand by share of volume purchased in initialisation period. 5. Same loyalty calculation for package type. 6. Same loyalty calculation for type of product.
30 : . : : . . . .
31 lTable A1.1b Summary of households and variables for each household. Values are for the whole year (2017 in the modelling period and 2016 in the
32 initialisation period).
33 Crisps (multi pack) Children's biscuits Everyday Biscuits Peanut butter Baked beans Ketchup Natural Yoghurt
34
35 Mean SD Min | Max Mean |SD Min | Max Mean |SD Min | Max Mean |SD Min | Max Mean |SD Min | Max Mean |SD Min | Max Mean |SD Min | Max
3pModelling period (2017)
3 Purchase 0.16 037 0.00 1.00 0.13] 0.33| 0.00 1.00 0.15|] 036 0.00 1.00 0.08| 0.27| 0.00 1.00 0.15] 036 0.00 1.00 0.07] 0.25| 0.00 1.00 0.191 0.39] 0.00 1.00
2 hincidence! . . . . . . X . . . X X . . . X . . . . X . X . . . X X
# of packs per
3 )incidence 1.56 0.80 1.00 10.00 1.59] 0.94 1.00 15.00 1.71 1.13 1.00| 26.00 1.15| 0.53 1.00| 12.00 1.65 1.13 1.00| 20.00 1.06| 0.28 1.00 8.00 1.38] 0.83 1.00 12.00
40
41
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Price (£/Lt or
£/Kg)

7.09| 2.02| 1.07 | 22.67 | 6.50 | 2.23 | 0.68 | 35.19| 1.90| 0,87| 0.70 | 8.00| 3.98 | 1.87 | 1.53 | 14.10 | 1.16 | 0.71 | 0.12 | 7.26| 2.66 | 0.71 | 0.55 | 7.69| 243 | 1.13 | 0.33 | 16.18

Initialisation period (2016)

Av. Consumption 0.94 0.88| 0.04 9.83 0.68] 0.69| 0.02 9.32 1.92] 203| 0.06| 2244 090 0.79| 0.09 8.43 4201 3.39] 0.17] 50.10 120 1.04| 0.09| 15.90 3.00 3.44| 0.03| 5I1.19

1

2

3

PG

5| Brand Loyalty 1 019 034] ooof 100 003 012] 000] 100] 069| 036 000| 100 61| 043] 000 100 o015 031| 000] 100| 078| 038] 000 100 059| 042] 000] 1.00

6 Brand Loyalty 2 001 008| o0oof 100 o000] 005] 000 100l o001| 006 0.00] 100[ 00| 003] 000 o075 038] 044]| 000| 100| o002 012 000 100[ 0.00] 005] 000 095

7

g| Brand Loyalty 3 000 003] o000o| o055 o012 024] 000| 100 01| 006] 000| 100] 00| 000| 000 o000| o046| 046 000 100| 020] 037 000] 100 003| 015] 000| 100

9| Brand Loyalty 4 007 019] o000o| 100 024 032] 000| 100 o01| 008] 000] 100 o000| 001] 000 o022] o001| 008| 0o00| 1.00 003 013] 000| 100

1¢

1{Brand Loyalty 5 073 038] 000o| 100 009| 018] 000| 100 001| 007] 000] 100| o00s| 019] 000 1.00 0.00| 0.04] 000| 100

12Brand Loyalty 6 0.00| 0.00| 000| o000 024 035 000| 100 000| 003] 000] 075 0.00| 002| 000 037

1

1 Jprnd Loyalty 7 004 o1s| o000 100 002] 010] 000 100] o000 002 000] 047 001 | 004] 000] o085
4

1 $Brand Loyalty 8 001| 005| 000 096 0.00| 002| 000 060 0.00| 003| 000| 093

1 PBrand Loyalty 9 013 021| o000 1.00 001| 007| 000f 1.00 0.00| 0o01| 000 024

1 §Brand Loyalty 10 000 0.00| 000 0.06 0.00| 002| 000 050 0.06| 020| 000f 1.00

19Brand Loyalty 11 000 003 000 055 0.00] 0o01| 000 041 0.01| 00s| 000 1.00

26

{Brand Loyalty 12 000 0.03| 000 1.00 018 033| 000| 1.00 0.00| 0.04| 000 1.00

295140 Loyalty 13 000 003| 000 1.00 014 030 000f 1.00 0.00| 000| 000| 000

2

5 jBrand Loyalty 14 001| 006| 000 1.00 0.04| 016| 000| 1.00

25Brand Loyalty 15 0.09| 019| 000| 1.00 0.00| 005] 000| 100

2%

5fBrand Loyalty 16 0.16| 024 000| 1.00 001 | 006| 000| 100

28Brand Loyalty 17 0.01| 0.06] 0.00 1.00 0.01] 0.06f 0.00 1.00

29

3 prand Loyalty 18 0.00| 0.04| 000| 1.00 0.00| 0.02] 000| 100

3 Brand Loyalty 19 000 001| 000 030 0.00| oo01| 000 024

37

3 pBrand Loyalty 20 002 008| 000 1.00 0.09| 025| 000f 1.00

34iBrand Loyalty 21 0.04]| 013| o000| 1.00 0.00| 002| 000 069

‘:’ P Brand Loyalty 22 000 000[ 000 007 oat| o027| ooof 1.00

37 ackaging loyalty 099| 008| 000| 100| o042| 035 ooo| 1oof o025 036| 000| 100| 043| o040| 000 100 o006 018 000] 100| 097 012 000 1.00

3 gga"kag‘ng loyalty 0o1| oo08| o000l 100 o058| 035] o000| 100 075] 036 000| 100] 057 o040 o000| 100] 002 012 000] 100] 0.03[ 012 000| 1.00

"

3 Packaging loyalty

403 092 022 000 1.00
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e loyalt; . . . . X . X . . . X . . . . X X X . . X . X . . . X .
1 Type loyalty 1 0.06 0.19| 0.00 1.00 0.07] 0.15| 0.00 1.00 0.05| 0.15] 0.00 1.00 0.60| 042 0.00 1.00 0.01] 0.08] 0.00 1.00 0.02] 0.12| 0.00 1.00 0.15| 0.27| 0.00 1.00
2| Type loyalty 2 0.09 0.23| 0.00 1.00 0.00| 0.02| 0.00 0.39 0.03| 0.10| 0.00 1.00 0.02| 0.08] 0.00 0.91 0.09] 0.25| 0.00 1.00 095] 0.20| 0.00 1.00 0.01| 0.06| 0.00 1.00
¢ loyalt; . . . . X . X . . X X X . X . X X X . . X . X . . . X .

3 Type loyalty 3 0.02 0.12| 0.00 1.00 0.02] 0.09|] 0.00 1.00 0.00| 0.00| 0.00 0.00 0.01| 0.07| 0.00 1.00 0.00] 0.06| 0.00 1.00 0.03] 0.16| 0.00 1.00 0271 036 0.00 1.00
4
5 Type loyalty 4 0.81 0.31 0.00 1.00 0.09] 0.19| 0.00 1.00 0.06| 0.18] 0.00 1.00 0.02| 0.10| 0.00 1.00 0.70| 0.40| 0.00 1.00 0.191 0.31 0.00 1.00
6 Type loyalty 5 0.01 0.09| 0.00 1.00 0.04] 0.12| 0.00 1.00 0.091 0.19] 0.00 1.00 0.01| 0.06| 0.00 1.00 0.19] 036 0.00 1.00 0.03| 0.16| 0.00 1.00
7
8 Type loyalty 6 0.02] 0.09|] 0.00 1.00 0271 033 0.00 1.00 0.00| 0.04| 0.00 0.67 0321 0.38] 0.00 1.00
9 Type loyalty 7 0.11 0.20| 0.00 1.00 0.03|] 0.13| 0.00 1.00 0.01 0.08] 0.00 1.00 0.03| 0.14] 0.00 1.00
10
1] Type loyalty 8 001 | 007] 0o00] 100 004] 013| 000 100] 0.02] 011] 000] 1.00
12 Type loyalty 9 0.03] 0.10] 0.00 1.00 0.09] 0.20] 0.00 1.00 031 041| 0.00 1.00
1
1 1Type loyalty 10 0.11 0.20| 0.00 1.00 0.04| 0.15] 0.00 1.00

4
15 Type loyalty 11 0.05] 0.14| 0.00 1.00 0.08| 0.19] 0.00 1.00
:: )Type loyalty 12 0.23] 0.31 0.00 1.00 0.01| 0.05] 0.00 0.83
18Type loyalty 13 0.08] 0.17| 0.00 1.00 0.01| 0.08] 0.00 1.00
1 )Type loyalty 14 0.00| 0.00| 0.00 0.14 0.13] 0.25]| 0.00 1.00
20
21 Type loyalty 15 0.02] 0.11 0.00 1.00 0.01| 0.08] 0.00 1.00
2 2Type loyalty 16 0.02] 0.07| 0.00 1.00 0.01| 0.06] 0.00 0.91
2
24Type loyalty 17 0.02] 0.07| 0.00 0.96 0.01| 0.06| 0.00 1.00
25Type loyalty 18 001]| 007] ooo| 1.00] 005| o015] o000 1.00
2%
2 ; Type loyalty 19 0.07| 0.20] 0.00 1.00
28Flavour loyalty 1 0.02 0.10] 0.00 1.00
29
3 Flavour loyalty 2 0.02 0.09| 0.00 1.00
3 Flavour loyalty 3 0.19 032 0.00 1.00
37
3 Flavour loyalty 4 0.00 0.041 0.00 0.63
34iFlavour loyalty 5 o.16] 028| o0.00| 1.00
‘:’ P Flavour loyalty 6 002 009] 000| 100
3 YFlavour loyalty 7 0.01 0.06| 0.00 0.95
3 ;Flavour loyalty 8 0.02 0.10| 0.00 1.00
3¢
4 )Flavour loyalty 9 0.02 0.10| 0.00 1.00
41
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Flavour loyalty
10
Flavour loyalty
11

0.07 0.20| 0.00 1.00

0.48 0.41| 0.00 1.00

Notes: For each household: 1. The % of store visits that result in a purchase of the good in question. 2. The number of packs bought. 3. The average daily consumption per household in centilitres in the initialisation period. 4. A [0,1]
variable indicating loyalty to brand by share of volume purchased in initialisation period. 5. Same loyalty calculation for package type. 6. Same loyalty calculation for type of product.

For multi-bags of crisps, flavoured yoghurt (large), flavoured yoghurt (multipack), natural yoghurt and everyday biscuits we were forced to make restrictions on
the number of brands we could include in the model. The brand choice model (McFadden choice model) is computationally limited to approximately 80
alternatives. In table A1.2 we show how many alternatives (combinations of brand, type, flavour and size, i.e. stock keeping units (SKUs)) were eligible for
analysis and how many we removed for tractability. In order to avoid selection of unavailable alternatives we removed households that had purchased these rare
SKUs from our analysis, rather than just the alternatives themselves.

oNOYTULT D WN =

13 Table Al1.2, SKU removal for analysis

14 Good SKUs eligible SKUs after removal % of total remaining by volume
15 Yoghurt (Large) 164 78 95

16 ' Yoghurt (Multipack) 245 76 85

18 Yoghurt (Natural) 119 74 99

19 Everyday biscuits 195 56 95

20 Crisps (Multipack) 193 64 90

http://mc.manuscriptcentral.com/hec
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Annex 2: Consumption rates under flexible consumption

Figure A2.1 Daily consumption rates for different estimates of the coefficient of consumption flexibility
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e Constant consumption, P =1 === Ketchup, P =0.824 === Cola, P =0.128

Notes: This graph represents the estimate level of household consumption (y-axis) per level of inventory (x-axis). In this case household average
consumption is estimated to be 8CI / 80g per day. Products with a coefficient of consumption flexibility of 1 have a constant consumption rate of ~8CI/
80g. For coefficients < 1 consumption is estimated to depend on inventory levels. The further the estimated coefficient from 1 the more households will
consume for a given level of inventory. Here we include Ketchup and Cola as an example.
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Figure A2.2: Example daily consumption rates for different household average consumption from the
initialisation period (y = 0.128)
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30 Notes: Households with higher levels of average consumption in the pre-estimation period (2016) are assumed to consume greater quantities of the food

31 or drink for a given level of inventory and estimate for the coefficient of consumption flexibility (Y )
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Annex 3: Estimation procedure
The estimation follows a likelihood maximisation procedure.

The likelihood function for the entire system of purchase incidence and quantity, described in the
previous section, is given by:

= I

beB t

D}, h (1—DF!
-V
e t

— (10)

1\ ab®
el ) |

1+e” M —1)gh

where:

- D}y = a dummy variable equal to one if b = j, the brand purchased by household h on trip t.
- D! =a dummy variable equal to 1 if purchase is made by household h on trip t, 0 otherwise.
- q? = number of units purchased by household h on trip t.

As in AN we estimate the model in two steps. First, we estimate the brand selection model for each
trip by maximising the log of the first expression. We then use the coefficients from this estimation to

create an ‘inclusive value’ variable for use in the purchase incidence model. We then estimate the

consumption rate function (3)!, the incidence model (7) and the quantity decision (10) together by
jointly maximizing the log likelihood of the remaining three expressions in (12). The value f for the
consumption rate function is imbedded in the likelihood function through the inventory variable. As
evidence for the suitability of a flexible consumption rate function we also estimate the model with a
constant consumption rate equal to the average consumption rate of the initiation period. The analysis
was performed using STATA 15. For the brand choice model, we use McFadden’s choice model
(1974) using the asclogit command, for the incidence we use xtlogit with household fixed
effects and the quantity decision we use tpoisson with clustered standard errors and household
dummies.

i f from equation (3) is estimated manually by selecting the value of f that generates the highest overall likelihood for
the model.
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1 . . . . .
,  Annex 4: Regression results for brand choice, purchase incidence and purchase quantity models
3
4 Table A4.1: Purchase incidence model results
5
6 Flavoured Flavoured
7 Cola (top  Cola (top Children's  Yoghurt (large Yoghurt Crisps Children's Everyday Natural
Cola (all) tercile) quintile) Lemonade  cereal pots) (multi pack) (multi pack) biscuits Biscuits Peanut Butter Baked beans Ketchup Yoghurt
8
9 Incidence
# obs (store
10 visits) 133,417 68,263 42,898 87,692 139,783 82,497 53,237 71,716 119,839 118,857 80,136 224,146 146,889 152,175
1
12 # households 1,638 811 501 1,021 1,720 1,039 697 899 1,471 1,509 972 2,722 1,791 1,882
13 # purchases 11,152 9,568 8,123 8,875 15,031 10,133 9,446 11,830 15,194 17,924 6,578 34,450 9,575 28,770
14 % incidence
15 per shop 8.4% 14.0% 18.9% 10.1% 10.8% 12.3% 17.7% 16.5% 12.7% 15.1% 8.2% 15.4% 6.5% 18.9%
16
17
18 Inventory -0.003**  -0.003**  -0.003** -0.003** -0.016%* -0.017** -0.019%* -0.068** -0.031%** -0.027** -0.002** -0.007** -0.01%** -0.019%*
19 (0.0003) (0.0003)  (0.00027) (0.0004) (0.002) (0.00143) (0.00165) (0.00608) (0.00373) (0.00223) (0.0002) (0.0003) (0.0004) (0.001)
20 Inclusive
21 value 0.157** 0.277** 0.312%* 0.248** 0.129** 0.401** 0.495%* 0.227** 0.306%* 0.206** 0.148** 0.392%* 0.371** 0.167**
22 (0.023) (0.024) (0.026) (0.023) (0.013) (0.024) (0.027) (0.023) (0.025) (0.022) (0.024) (0.011) (0.019) (0.015)
23 Inc t-1 0.057* 0.056* 0.028 -0.094** -0.198** 0.121** -0.136%* -0.243** 0.088** -0.157** -0.743%* -0.29%** -0.709** -0.144%**
24
25 (0.033) (0.034) (0.036) (0.037) (0.029) (0.032) (0.034) (0.031) (0.025) (0.025) (0.051) (0.019) (0.054) (0.019)
26 Quarter 2 0.215%* 0.144%* 0.141** 0.209** -0.103** 0.006 -0.117%* 0.101** -0.058** 0.038 -0.02 -0.221%* 0.004 -0.003
27 (0.033) (0.036) (0.04) (0.036) (0.025) (0.032) (0.036) (0.031) (0.026) (0.025) (0.039) (0.018) (0.031) (0.02)
28
29 Quarter 3 0.178** 0.104%* 0.105%* 0.113** -0.207** -0.041 -0.205%* -0.008 -0.064** 0.059** -0.005 -0.258** -0.08** -0.046%*
30 (0.033) (0.036) (0.04) (0.036) (0.026) (0.033) (0.036) (0.032) (0.027) (0.025) (0.041) (0.018) (0.032) (0.021)
31 Quarter 4 0.172%* 0.038 0.029 0.065* -0.416%* -0.40%* -0.279%* 0.016 -0.27%* -0.089** -0.068 -0.261%** -0.097** -0.258%*
gg (0.033) (0.036) (0.04) (0.036) (0.027) (0.034) (0.036) (0.032) (0.027) (0.026) (0.042) (0.018) (0.033) (0.021)
Notes: ** is significant at the 5% level, * at the 10% level. The model is a conditional fixed effects, binary logit.
34
35 Table A4.1 shows the coefficients from the incidence and quantity decision regressions. The number of observations in the incidence model is the number of shopping trips taken by the consumer.
36 The effect of inventory on purchase incidence is negative across all food and drink categories: less estimated food or drink in the house leads to greater probability of purchasing that group on a given shopping trip. For all users the fact
37 that a purchase made on the previous trip reduces the probability of incidence, with the exceptions of cola drinks, large yoghurt pots and children’s biscuits.
38
39 We observe seasonality in some food and drink products but not others. For all drinks purchasers there is a great probability of incidence outside ql, whereas for the food groups covered there are generally fewer purchases outside Jan-
Mar.
40
41 The impacts of promotions on purchase incidence are observed through the “inclusive value”, which represents the expected gain from a consumer engaging in a purchase (eqn. 6). The inclusive value has a positive coefficient in all food
42 and drink categories. A brand “menu’” with different prices and promotions on offer is more likely to induce a purchase from consumers if the expected value of the purchase is larger.
ji http://mc.manuscriptcentral.com/hec
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Table A4.2: Brand selection model
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Flavoured Flavoured
Cola (top Cola (top Children's  Yoghurt Yoghurt Crisps (multi  Children's Everyday Peanut Baked Natural
Cola (all) tercile) quintile) Lemonade cereal (large pots) (multi pack) pack) biscuits Biscuits Butter beans Ketchup Yoghurt
Product
selection
N 11,152 9,568 8,123 8,875 15,031 10,133 9,446 11,830 15,194 17,924 6,578 34,450 9,575 28,770
Price -2.28%* -2.23%* -2.35%* -1.52%* -0.92%* -0.69%* -1.07** -1.31%* -0.86%** -0.59%* -0.20 S2.21%* -1.81%* -0.53%*
(0.239) (0.284) (0.343) (0.174) (0.138) (0.143) (0.101) (0.158) (0.091) (0.114) (0.15) 0.1) (0.171) (0.106)
Total price
reduction 0.8%* 0.83** 0.88** 0.81** 1.45%* 1.36%** 0.99%* 0.81** 1.1%* 0.87** 1.78** 0.71%* 1.13%** 0.63**
(0.047) (0.056) (0.067) (0.067) (0.056) (0.061) (0.07) (0.055) (0.037) (0.044) (0.062) (0.033) (0.041) (0.037)
Multi-Buy 0.31%** 0.39%* 0.38** 0.49%** 1.62%* 1.14%* 0.26** 0.31%* 0.95%** 0.3%* 0.25 0.54%* 2.17** 0.61**
(0.107) (0.13) (0.155) (0.125) (0.104) (0.073) (0.085) (0.07) (0.144) (0.065) (0.509) (0.054) (0.525) (0.119)
Last
alternative
purchased 2.08%* 2.07** 2.1%* 1.76%* 2.85%* 2.52%* 2.54*%* 2.41%* 2.16%* 2.36%* 2.51%* 2.2%%* 1.48%* 2.84%*
(0.062) (0.071) (0.083) (0.074) (0.081) (0.076) (0.099) (0.071) (0.047) (0.049) (0.078) (0.042) (0.055) (0.052)
Brand
loyalty 1.91%** 2.07** 2.17** 2.57** 2.19%* 1.37** 2.07** 1.63** 2.35%* 1.33%* 2.85%* 2.64%* 2.38%** 2.04%*
(0.074) (0.1) (0.124) (0.085) (0.09) (0.083) (0.127) (0.089) (0.074) (0.068) (0.188) (0.064) (0.12) (0.068)
Size loyalty 1.36%* 1.49%%* 1.55%* 1.79%%* 1.63%* 0.21%* 1.22%%* 1.39%* 1.09%* 1.48%%*
(0.081) (0.112) (0.142) (0.202) (0.455) (0.057) (0.097) (0.059) (0.184) (0.199)
Type loyalty 0.59%* 0.83%* 0.86** 1.68%* 0.5%* 2.48%* 2%* 2.12%* 1.91%* 1.55%*
(0.228) (0.087) (0.113) (0.135) (0.12) (0.068) (0.097) (0.072) (0.203) (0.052)
Flavour
loyalty 1.943%** 1.826%** 2.403**
(0.087) (0.094) (0.101)

Notes: ** significant at the 5% level, * at the 10% level. This regression is an alternative-specific conditional logit 9mcFadden’s choice) model. In addition to the alternative specific variables such as price and promotion presented here,
one can also include variables that only vary between cases. In our regression we include household level average consumption which interact with the choice for each brand. The estimates for these coefficients are available on request.

For all food categories a total price reduction offer is more likely to result in a purchase of a particular item: if at least one brand is on promotion the expected value of making a purchase will increase. For all product categories the

presence of a TPR promotion on a brand increases demand for that brand. This effect is frequently stronger for TPRs than multi-buy purchases, only ketchup and children’s cereal have multi-buy coefficients larger than TPRs.

Brand loyalty is found to be important in a consumer’s decision, such as Heinz for baked beans and ketchup, Pepsi for cola. In baked bean, ketchup and cereal estimations the “type” is also important. The type for cereal is, for example,
chocolate rice shaped rather than honey hoops or chocolate flakes, implying consumers are more likely to switch brand from, say, Kellogg'’s to own brand than choose a different type of chocolate cereal. In yoghurts and crisps, flavour
loyalty is also a statistically significant factor. Households show loyalty on the basis of flavour and brand.

The Last alternative purchased variable controls for consumers’ persistence in shopping habits. If they bought that exact item (brand, size, flavour and type) last time how likely is it they buy it again? The alternative purchased consistently
significant result reflects consistency in consumer behaviour beyond the loyalty for brands, types and sizes: consumers will frequently purchase exactly the same product — brand, container shape, size, flavourings — as they did for the

previous purchase.
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In order to assess the estimated impact of price promotions on purchase incidence we must calculate the increase in the inclusive value that price promotions create. There are two influencing aspects to a PP: average price change and the

1 promotion itself (bright colours and multi-buy deals).
2
3 .
4 Table A4.3: Purchase quantity model
5
Flavoured Flavoured

6 Yoghurt Yoghurt Crisps
7 Cola (all Cola (top Cola (top Children's (large (multi (multi Children's Everyday Peanut Baked Natural
8 consumers) tercile) quintile) Lemonade  cereal pots) pack) pack) biscuits Biscuits Butter beans Ketchup Yoghurt
9Quantity

decision
1N obs 11,152 9,568 8,123 8,875 15,031 10,133 9,446 11,830 15,194 17,924 6,578 34,450 9,575 28,770
12
13
1kog price -0.211* -0.194 -0.2 -0.246%* -0.556%* -0.305%* -0.239%* -0.225%* -0.198%* -0.336%* -0.768%* -0.33%* -0.249 -0.168%*
15 - (0.114) (0.119) (0.128) (0.087) (0.097) (0.115) (0.077) (0.105) (0.067) (0.051) (0.213) (0.052) (0.438) (0.067)

otal price

r7educti0n 0.091* 0.105%* 0.115%* 0.079* 0.522%* 0.299** 0.337** 0.361** 0.277** 0.316%* 0.672*%* 0.269%** 0.736%* 0.23%*
18 (0.051) (0.05) (0.051) (0.045) (0.073) (0.064) (0.056) (0.065) (0.034) (0.035) (0.132) (0.023) (0.144) (0.039)
18Multi-Buy 0.33%* 0.317** 0.291** 0.489** 1.393** 0.914** 0.822%* 1.064%** 0.844** 0.675%* 2.675%* 0.745%* 2.534%* 0.815%*
;? (0.066) (0.065) (0.064) (0.084) (0.098) (0.084) (0.084) (0.081) (0.093) (0.043) (0.209) (0.037) (0.514) (0.086)
Zﬁlventory -0.0004** -0.0004** -0.0004** -0.00004 -0.0075%* -0.0016** -0.0037** -0.004** -0.0184%* -0.0073** -0.0001** -0.0002%** -0.0034** -0.0034**
23 (0.0002) (0.0002) (0.0002) (0.0004) (0.006) (0.0004) (0.0018) (0.0012) (0.009) (0.0027) (0.0001) (0.0001) (0.001) (0.0018)
2g’ize -0.003** -0.003** -0.002%* -0.019 -0.016%* -0.017** -0.014%* -0.042%* -0.029%* -0.023** -0.024** -0.019%* -0.016%* -0.024%**
25
g (0.0004) (0.0004) (0.0004) (0.088) (0.002) (0.004) (0.002) (0.006) (0.007) (0.002) (0.006) (0.0006) (0.006) (0.002)
v Average
27 quantity
28 purchased 0.366%** 0.355%* 0.344%* 0.562%* 0.863** 0.602%* 0.542%* 0.739** 0.599%* 0.371** 1.697** 0.358%* 1.408** 0.56%*
29 (0.05) (0.05) (0.04) (0.05) (0.12) (0.06) (0.07) (0.08) (0.07) (0.03) (0.08) (0.027) (0.11) (0.06)
30
31 Log price -0.049 -0.074 -0.065 0.265% 0.465%* 0.24 0.235% -0.003 0.106 -0.023 0.533%* 0.039 -0.487 -0.052
3%{ (0.16) (0.16) 0.17) (0.15) (0.15) (0.18) (0.13) (0.13) (0.09) (0.08) (0.24) (0.06) (0.54) (0.11)

ousehold  Toa] price

34 vel means  reduction 0.145 0.194 0.214 -0.003 0.098 0.024 -0.205* 0.099 -0.149%* 0.146* -0.145 -0.202%* -0.582%* -0.012
35 (0.16) 0.17) (0.18) (0.15) (0.14) 0.1) (0.12) (0.09) (0.06) (0.08) (0.28) (0.06) (0.27) (0.15)
36 Multi-Buy 0.200 0.155 0.154 0.203 -0.652%* -0.236%* -0.058 -0.457** -0.205 -0.21%* -2.923%* -0.183* -3.918 -0.091
g; (0.16) 0.17) (0.18) 0.2) 0.21) 0.1) 0.17) (0.12) (0.22) (0.07) (0.9) (0.11) (3.44) (0.18)
39 Inventory -0.01** -0.009%** -0.009%* 0.0004 -0.031** -0.0103** -0.0169%** -0.1022%* -0.0761%** -0.0191** 0.0117** 0.0003 0.004 -0.0311**
40 (0.0004) (0.00039) (0.00043) (0.1165) (0.003) (0.009) (0.0031) (0.0035) (0.0118) (0.0018) (0.0056) (0.0005) (0.0073) (0.0028)
41
42 12
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Size 0.0003 0.00019 -0.0001 0.078 0.004 0.045%* 0.009%* 0.023%* 0.013 0.008%** 0.02%* 0.008%** 0.005 0.014%*
0.7) (0.75) (0.77) (20.17) (0.41) (0.6) (0.46) (0.3) (0.25) (0.28) (0.66) (0.17) (LO1) (0.38)

Constant 2,167+ 2.105%* 2.027%+ -13.021 2.18%+ -3.014%x -1.062%* 2.294%+ J1.31%x -1.844%+ 4237+ -1.496%* -6.083%* 2.01%+
(0.7) (0.75) (0.77) (20.17) (0.41) (0.6) (0.46) (0.3) (0.25) (0.28) (0.66) (0.17) (1.01) (0.38)

oNOodh b WN =

** i significant at the 5% level, * at the 10% level. These results are from a Poisson regression model that is truncated at 0. In order to replicate the fixed effects regression, we use the Mundlack procedure. The multi buy promotions are
statistically significant in increasing the probability that a consumer will buy a higher quantity of their chosen product. This is naturally determined by the promotion, which mandates the consumer to purchase more than one item to get
hold of the deal. For TPRs, where there is no mandate on quantity, consumers also increase their quantity purchases. For all products the marginal effect is higher for multi-buy promotions than for TPRs.

The model fit from including flexible consumption in the quantity decision, shown in Table 2, improves for all products except for lemonade, multipack flavoured yoghurt and baked beans. So, conditional on a purchase being made and the
brand chosen, the quantity purchased model fit is not improved by allowing consumption to be flexible for these products. We can see this in the statistical significance of the inventory coefficient: the quantity decision is estimated to depend
on household inventory with a negative coefficient with all products but lemonade and baked beans. However, for both products the incidence decision shows a larger increase in log-likelihood so the overall model fit is improved with
flexible consumption.

The “Pack size chosen” has a negative effect on the quantity purchased, because if someone is buying a 12-pack of canned cola, they need to buy fewer to get to their preferred inventory than if they buy a 6-pack.
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