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Soda Taxes and Marketing Conduct

Kristopher O. Keller "/, Jonne Y. Guyt "', and Rajdeep Grewal

Abstract

Soda taxes are an increasingly popular policy tool that discourages purchases of sugar-sweetened beverages. This study analyzes
how emphasis on marketing conduct elements and their effectiveness might change after soda tax introductions. Prior studies on
the effect of soda taxes focus on price increases but neglect other relevant marketing conduct tools (i.e., promotional frequency,
promotional discount depth, and feature promotion frequency). This study documents the changes to marketing conduct ele-
ments and their effectiveness due to the introduction of soda tax across more than 200 retail stores in five markets. Findings
related to price changes are consistent with prior literature; in addition, the study reveals a substantial, hitherto overlooked
decrease in promotional frequency (—2%), promotional depth (—12%), and feature promotion frequency (—14%) compared
with matched control markets, exacerbating the tax’s negative sales effect. Introducing a soda tax also considerably influences
the marketing conduct’s effectiveness, such that consumers become less sensitive to changes in regular price, feature promotions,
and the depth of the promotional discount but respond more to the presence of promotions. Importantly, marketing conduct and
effectiveness changes do not align (e.g., while consumers become more sensitive to promotion frequency, managers often reduce
them), a relevant insight for policy making.
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Taxes based on sugar content may also encourage manufacturers,
distributors, and retailers to redesign their ... marketing plans.
—Francis, Marron, and Rueben (2016, p. 7).

The effects of adjustments in marketing conduct variables,
such as price promotions, in response to a policy change
(e.g., new sin taxes') may “be greater than even the largest
tax” (Tedstone, Targett, and Allen 2015, p. 26), though we
unfortunately lack systematic evidence about such adjustments
and their implications (Francis, Marron, and Rueben 2016).
Considering the widespread popularity and implementation of
soda taxes, which impose additional retail taxes on sugar-
sweetened beverages, we use this context to investigate how
changes to marketing conduct variables, in response to the
new policy, compound or offset the desired outcomes of the tax.

Soda taxes, designed to address the obesity epidemic, are
already in place in several U.S. metropolitan areas, including
Berkeley, Oakland, and San Francisco, California, as well as
Philadelphia, Pennsylvania; Boulder, Colorado; and Seattle,
Washington. Multiple other localities are contemplating

! Sin taxes represent excise taxes on goods deemed harmful to society and/or
individuals, such as cigarettes and soda.

similar taxes, including the states of Connecticut, Hawaii,
New York, and Washington (Boesen 2021), prompting
various research efforts to determine retailers’ reactions, such
as adjustments to regular prices of sugary beverages, and con-
sumers’ responses to the tax (e.g., Seiler, Tuchman, and Yao
2021; Teng et al. 2019). These studies focus on price adjust-
ments and confound regular price changes with short-term pro-
motions, without addressing other localized promotional
marketing conduct actions that retailers likely take,” such as
altering the frequency and level of promotional discounts or

2 Retailers control pricing and promotions in their stores, but manufacturers
influence and potentially fund (e.g., promotional allowances) these decisions
(Lamey et al. 2018). Thus, we take a joint decision perspective on marketing
conduct in our empirical framework (see the “Threats to Identification” section).
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featuring certain products in the store circular. Jointly, we label
these store-specific decisions “marketing conduct.” Anecdotal
evidence suggests that whereas some retailers reduce their pro-
motions of taxed beverages (Holdbrook et al. 2019), others try
to compensate for the expected sales losses with additional pro-
motions (Peterson and Placek 2017). The overall sales effect of
a soda tax thus may reflect several tactics within the retailer’s
overall marketing conduct, suggesting the need for a more
in-depth, systematic analysis of the implications of the new
tax policy. Such investigations seem even more pertinent
when we consider that consumer utility and decision making
depend on prices and other marketing conduct variables (e.g.,
Gatignon 1993). Indeed, consumers likely respond to the intro-
duction of a soda tax by adjusting their response to changes in
various marketing tools.

In this timely, relevant research context, we aim to answer two
related research questions: How does marketing conduct change in
response to the introduction of a soda tax, and does the effectiveness
of such marketing conduct change due to the introduction of the tax?
With a rich data set related to five soda tax introductions in
Philadelphia, San Francisco, Oakland, Boulder, and Seattle, we
gather information about close to 600 unique beverage Universal
Product Codes (UPCs), representing more than 150 brands. Across
the five localities, we obtain observations from more than 200
retail stores, producing more than 13,000 UPC—store pairs. Our iden-
tification strategy rests on a difference-in-differences (DID)
approach, where we compare sales before and after the implementa-
tion of the tax, relative to a set of matched control markets that sell
the same UPCs but were not subject to a soda tax.? Our research thus
is novel in that we (1) include multiple localities to establish more
generalizable insights;* (2) focus on promotion frequency, promotion
depth, and feature frequency in addition to price; and (3) document
changes in the effectiveness of marketing conduct variables.

With this unique approach, we determine that the tax is
largely passed on to consumers; the average pass-through is
88.2%, though it varies across the five localities, from 70% to
107% (in line with Cawley et al. [2021] and Seiler, Tuchman,
and Yao [2021]). But retailers also adapt their marketing
conduct, such that we observe diminished promotional fre-
quency (average —2%), a decrease in promotional depth (or
the relative size of the discount; average —12%), and a decrease
in feature promotion frequency (average —14%). In addition,
the introduction of a soda tax influences the effectiveness of
each marketing conduct variable: Consumers become less

3 We replicate our results with a different set of control markets—neighbors’
neighbors as opposed to geographically distant matched markets in our main
analysis, which use a different set of identifying assumptions—and find sub-
stantively the same results. For the marketing conduct changes, we also use
the recently developed synthetic DID approach as an alternative. In contrast
to our focal approach, a synthetic control approach also accounts for selection
on unobservables to some extent (Abadie 2021). Again, we find comparable
parameter estimates. We detail this in the “Method” section.

4 Note that we study multiple localities with the same data and methods, which
is critical, because even with a seemingly identical data source and modeling
approach, substantial differences in results can arise (for a discussion on this
issue, see Seiler et al. [2021] and our Web Appendix B).

sensitive to changes in the regular price, promotion depth,
and feature advertising, but they respond more to the mere pres-
ence of promotions.

Managerially, these findings are of critical relevance, as we can
decompose the total sales effect of a soda tax and assess to what
extent it is driven by adjustments in the promotional conduct
rather than (regular) price adjustments. This provides novel
insights on adjustments to marketing conduct as a reaction to the
introduction of a soda tax. We also provide insights on when
the effect of soda taxes is exacerbated and when it is mitigated.
Indeed, by assessing the marketing conduct effectiveness
changes, we further our understanding on managerial reactions
to soda tax introduction and the impact of the reactions on sales.

The findings of our study also place it firmly at the intersec-
tion of marketing and health policy research. From a policy per-
spective, by studying the application and effectiveness of
marketing conduct variables after a soda tax introduction, we
clarify whether the conduct hinders or elevates the effectiveness
of tax policies designed to discourage the consumption of
unhealthy products. In the process, we contribute to a stream
of studies on governmental measures on consumer nutrition
(e.g., Palazzolo and Pattabhiramaiah 2021) and other efforts
to curb societally harmful products (e.g., cigarettes; Wang,
Lewis, and Singh 2021), which has highlighted that not all
brands are affected equally. We also add to the literature on
marketing conduct and soda taxes. For marketing conduct liter-
ature concerning conduct decisions and their effectiveness in
retailing, we move beyond studies that use primarily a business
cycle (e.g., Lamey et al. 2012; Van Heerde et al. 2013) or
rebranding (Keller, Geyskens, and Dekimpe 2020) lens. We
build on the literature concerning soda tax, where most prior
studies of soda taxes in particular analyze their impact on
retailer pass-through behaviors and sales at a single location
(e.g., Bollinger and Sexton 2023; Roberto et al. 2019; Seiler,
Tuchman, and Yao 2021; Teng et al. 2019), using various
data sources (e.g., manually collected, surveys, scanner data).
These studies suggest that retailers pass most of the tax on to
consumers, with noticeable effects on sales; we generalize
this effect by studying multiple locations and multiple time
periods. Despite a rich tradition in marketing more generally
of analyzing the effectiveness of promotions (Van Heerde and
Neslin 2017), we find no such considerations in relation to
soda taxes (cf. Zenk et al. 2020), even though they could
induce considerable variation in the effect of soda taxes on
prices and sales. By undertaking a concerted, systematic
effort to document the various routes through which soda
taxes affect sales, we seek to add to the literature by quantifying
the role of the marketing conduct and assessing whether effec-
tiveness and conduct changes go hand-in-hand.

Conceptual Foundation

Studies of the relationship between soda taxes and prices
changes (e.g., Roberto et al. 2019; Seiler, Tuchman, and Yao
2021) typically analyze the degree to which managers pass
the tax on to consumers (i.e., what percentage of the tax) and
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its effects on those consumers’ purchasing patterns. Most
studies document a sizable pass-through, between 59% and
103%, resulting in significant price increases for consumers
(Cawley et al. 2021) and significant drops in sales of taxed
soda. Seiler, Tuchman, and Yao (2021) report a 46% reduction
in volumes sold in Philadelphia; Powell and Leider (2020) find
a 22% reduction in Seattle; Kim, Lee, and Gupta (2020) docu-
ment a 6% reduction for Washington’s short-lived soda tax; and
mixed results emerge for Berkeley, including decreases ranging
from 20% (Silver et al. 2017) to 9% (Taylor et al. 2019), though
Rojas and Wang (2021) find no evidence of any effect. Extant
research considers single locations and confounds regular price
and promotional changes by assessing the price paid only, dis-
regarding that consumers react differently to regular price and
promotional price (Datta, Ailawadi, and Van Heerde 2017).

However, one can argue that retailers could offset their
losses due to the price increases by other adjustments to market-
ing conduct by altering promotion frequency, promotion depth,
and/or feature frequency (in store circulars). An exclusive focus
on price changes thus may not fully reflect the response to local
soda taxes and may conflate the price-related effect of soda
taxes. Thus, in addition to prices, we study promotion fre-
quency, promotion depth, and feature frequency.

Adjustments to Marketing Conduct

The nascent literature that studies the effect of exogenous
shocks on consumer demand crudely falls into two categories
of effects of exogenous shocks on (1) consumers’ purchasing
power and (2) consumers’ preferences.’ As the soda tax is
implemented through a price increase to consumers, we focus
here on consumer purchasing power. At a general level, only
Lamey et al. (2012) have looked at the cyclicality of multiple
marketing tools and find price promotions to decrease with eco-
nomic contractions. They argue this is potentially due to retail-
ers’ inclination to pocket a larger share of trade promotional
budgets rather than passing it on to consumers.

Regarding managerial response to soda taxes as an exoge-
nous event, in a small-scale study in Oakland, Zenk et al.
(2020) investigate the effects of soda taxes on price promotions
and interior and exterior advertising, using hand-collected data
and in-store audits. They find diminished price promotions
(though confounding the effects of promotion frequency and
depth) but no change in local advertising. Despite some limita-
tions, their findings imply that managers rely on multiple ele-
ments of marketing conduct in response to soda tax.

Managers may increase promotional activities to offset the
expected sales loss due to soda tax introduction that represents

5 The former includes tax introductions (e.g., soda taxes; e.g., Seiler et al. 2021;
Kim et al. 2020), the state of the economy (which includes raw material cost
changes and its effect on marketing spending; Lamey et al. 2012), and
popular events (e.g., the Olympics; Keller, Deleersnyder, and Gedenk 2019).
The latter captures events such as national-level boycotts (e.g., Sun et al.
2021) or industry-wide product-harm crises (e.g., Cleeren, Dekimpe, and Van
Heerde 2017).

an increase in price. Thus, managers may rely on the sales-
enhancing effect of promotions (e.g., Van Heerde and Neslin
2017) to counter the sales-dampening effect of price increases
due to soda tax. With these reductions in demand, the lift of a
promotion will be lower in absolute terms, even if the promo-
tion stays as effective in relative terms. Concurrently, fixed
costs related to running a promotion (e.g., setting them up,
implementing them at retailers) are likely to remain
unchanged.® The reduced absolute lift in sales, combined with
stable costs, would make running promotions less enticing.

Moreover, the promotion literature (e.g., Anderson and Fox
2019) identifies “trade spends” as another reason for reducing pro-
motions. Typically, manufacturers budget trade spends for their
UPCs that determine the amount dedicated to promotions, based
on revenues from the prior year (Anderson and Fox 2019). The
extent to which the trade spends pass on to consumers varies
widely, with documented pass-through rates being higher in cate-
gories with higher margins and sales volumes (Ailawadi and
Harlam 2009). As soda taxes lower relative retailer margins and
expected revenues, retailers might try to retain more of the trade
spends from manufacturers and reduce their promotion frequency
or depth to protect their bottom line.

Based on this reasoning, we expect reduced promotional
activities after the soda tax introduction. These reductions
might take different forms, as managers work to accommodate
the increased product prices, including diminished promotion
frequency, promotion depth, and/or feature frequency.

Effectiveness of Marketing Conduct

We focus our literature review on findings concerning variations in
price elasticity and effectiveness of promotions. Price elasticity
tends to be more pronounced (more negative) during business
cycle contractions (Van Heerde et al. 2013) and inflation periods
(Bijmolt, Van Heerde, and Pieters 2005) but less pronounced
(less negative) after a rebranding (Keller, Geyskens, and
Dekimpe 2020). Next to industry-wide continuous (e.g., business
cycles) and brand-specific discrete (e.g., rebranding) factors influ-
encing price elasticity, there is some evidence that indicates price
elasticity reacts to discrete, industry-wide events such as taxes. In a
series of lab studies, Sussman and Olivola (2011) show that con-
sumers are more sensitive to price increases due to a tax than to
regular price increases. Studying Philadelphia’s soda tax introduc-
tion, Seiler, Tuchman, and Yao (2021) find evidence for a less neg-
ative price elasticity.

Promotion effectiveness seems to vary over time (e.g.,
Ataman, Van Heerde, and Mela 2010) and to be sensitive to
external industry events (Keller, Deleersnyder, and Gedenk
2019). We know of no studies of the effect of newly imposed
taxes on promotional effectiveness. Therefore, we reason that

© It is important to recognize that we do not model retailer and soda brands as
distinct strategic actors. Thus, our assertion that reduction in promotion fre-
quency is a result of retailer profit reduction should be seen as being speculative
and should provide fodder for further research.
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if the average pass-through of soda taxes is between 59% and
103% (e.g., Cawley et al. 2021), the regular price of these prod-
ucts increases, which should influence the effectiveness of pro-
motions for those products as well. Two streams of literature
provide relevant insights. First, several studies document a neg-
ative correlation between promotion sensitivity and price points
(e.g., Blattberg and Wisniewski 1989; Hokelekli, Lamey, and
Verboven 2017; Lemon and Nowlis 2002), though they do
not account for potential confounds due to product positioning
characteristics or other correlates of pricing. Second, a micro-
economic view on promotions (e.g., Varian 1980) asserts that
they function to discriminate among consumers. Narasimhan
(1984) uses consumers’ varying price sensitivity as a rationale
for discounts offered. Moreover, Orhun and Palazzolo (2019)
suggest that as liquidity constraints vary across consumers, so
does the degree to which consumers can benefit from promo-
tions. As soda tax increases the baseline price, the price paid
by consumers even on a promoted product, arguably, should
alter the composition of the market (e.g., price-sensitive con-
sumers stop purchasing, the increase in price increases the
severity of facing liquidity constraints) and the effectiveness
of promotions due to the change in consumer composition.
Finally, we consider a more subtle potential determinant of
promotional effectiveness. Promotions function as purchase
reminders because features and displays help reduce consumer
search costs (Mehta, Rajiv, and Srinivasan 2003) and exert influ-
ence on product and category sales (Seiler 2013). However, follow-
ing the implementation of a soda tax, the promotion also might
serve as a reminder of the tax itself. Consumers are generally
averse to taxes, beyond just their monetary effects (Sussman and
Olivola 2011), so greater awareness of the tax might diminish pro-
motional effectiveness. Similarly, increased awareness of (sin)
taxes, which are known to shape consumers’ acceptance of a con-
sumption practice (Humphreys 2010), may influence the promotion
effectiveness as consumers are known to have different promotion
sensitivities for vice versus virtue foods (Wertenbroch 1998).

Research Context

Institutional Setting

We study the effects of soda taxes in five localities in the United
States: Philadelphia, Oakland, Boulder, San Francisco, and
Seattle.” Soda taxes generally reflect two main policy motiva-
tions: increased tax revenues and decreased sales and consump-
tion of sugary beverages (Heise et al. 2016). These five
localities implemented soda taxes at three different points in
time: January 1, 2017 (Philadelphia), July 1, 2017 (Oakland
and Boulder), and January 1, 2018 (San Francisco and

7 Four other localities have introduced soda taxes, but we do not study them for
several reasons. Berkeley and Albany in California are geographically too close
to disentangle; they share the same three-digit zip code. The soda taxes in Cook
County, Illinois, and Washington State were repealed shortly after their intro-
duction, and anticipation of those repeals might influence the marketing
conduct we study.

Seattle). Although they all impose a distribution levy per
ounce, the amounts vary: Oakland and San Francisco both
levy 1¢/0z., whereas Philadelphia, Seattle, and Boulder levy
1.5¢/0z., 1.75¢/0z., and 2.0¢/oz., respectively (see Table 1).
These taxes notably increase the retail prices of soda products.
For example, a 67.6-0z. (2 L) bottle of a leading soda brand
costs $1.60 in Philadelphia before the tax; after the tax, assum-
ing 100% pass-through, it would have increased by $1.01 (67.6
0z. X 1.5 ¢/0z.) to $2.61, such that consumers would face a 63%
price increase. The values are similar in the other four localities,
and the respective taxes increase prices anywhere from 35% to
more than 80%. The substantial heterogeneity in pass-through
rates, across and within markets, also affects the final price
that different customers encounter.

Data

We gather soda sales data from Nielsen Retail Measurement
Services (RMS), provided by the Kilts Center for Marketing
at University of Chicago. The RMS data include detailed infor-
mation at the UPC-store-week level, including the UPC’s
package size and soda type (diet vs. regular), which we use to
determine whether the UPC is affected by a soda tax (see also
Table 1).® Store information includes the three-digit zip code,
to link stores to various localities.” For every locality, we
include weeks between the vote on the soda tax up to one
year after the introduction. To better isolate the effects of inter-
est and avoid potential data anomalies in the immediate after-
math of the introduction, we do not use the first three weeks
(similar in nature to the “dust-settling” period used in the pro-
motion literature; Dekimpe et al. 2008) and retain the remainder
of the year (weeks 4-52) for our focal empirical analysis. We
discuss our rationale for the yearly timeframe and the omission
of the first three weeks in the analysis in the “Threats to
Identification” section.

In addition to volume (fl. 0z.), the data provide information
on UPC prices and features (in weekly store circulars), which
we use to construct each UPC’s regular price per oz., its promo-
tion frequency, promotion depth, and feature frequency. As is

8 Tax criteria differ across localities, so a UPC may be taxed in one locality but
not another. To identify taxed UPCs, we examine the pass-through rate across
stores within a locality. If the price of a UPC does not increase after a soda tax
introduction in any stores within a locality, it does not belong to the taxed group.
° Typically, stores implement soda taxes by increasing the UPC’s price on the
shelf. As such, all relevant marketing conduct information is communicated to
the consumer prior to the purchase. However, on the checkout receipt, select
retailers opted instead to itemize the soda tax separately, without adjusting
the UPC’s recorded shelf price (i.e., the two separate entries added up to the
shelf price). For these retailers, which jointly capture 22.57% of the market
share across the markets we study, the RMS data would not reflect the price
changes after soda tax introduction (see also Seiler et al. 2021, p. 25). Thus,
while prices are communicated in the same way across the two types of retailers,
we only retain stores in taxed areas that show a price increase of at least 10% on
taxed UPCs. To the degree that retailer implementations matter, we note that if
we were able go without this selection criteria, our UPC—store fixed effects
would account for any unobserved differences across retailers that itemize
versus those that do not.
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Table 1. Soda Taxes in Five U.S. Localities.

Tax
Locality Vote Implementation (¢/oz.) Pass-Through Rates® Products
Philadelphia ~ June 16,2016 January I, 2017 (28 1.5 103% (Cawley et al. 2020) 90% Sweetened beverages, including
weeks later) (Roberto et al. 2019) 97% (Seiler, regular and diet soda
Tuchman, and Yao 2021)
Boulder November 8, July I, 2017 (32 weeks 2.0 53%—154% (hand-collected and Sugar-sweetened beverages with at
2016 later) scanner data) (Cawley et al. 2021) least 5 grams caloric sweetener
per 12 fl. oz.
Oakland November 8, July I, 2017 (32 weeks 1.0 92% (Falbe et al. 2020) Sugar-sweetened beverages with at
2016 later) least 25 calories per 12 fl. oz.
San Francisco November 8, January I, 2018 (59 1.0 100% (Falbe et al. 2020) Sugar-sweetened beverages with
2016 weeks later) more than 25 calories per 12 fl.
oz.
Seattle June 5,2017  January I, 2018 (30 1.75  90% (Jones-Smith et al. 2020), 59% Sweetened beverages with at least

weeks later)

(Powell and Leider 2020)

40 calories per 12 fl. oz.

?For these values, we cite empirical studies that focus on regular retailers and exclude studies conducted in airports or small independent stores.

common for retail scanner data, we rely on sales data to infer UPC
stocking decisions due to a lack of product availability. Similar to
Hwang, Bronnenberg, and Thomadsen (2010, p. 865) we consider
products, even in the absence of sales, part of the assortment unless
they prompt no sales for four weeks. We retain all UPC—store pairs
consistently offered in our study period and with no more than
25% of weeks without sales in the entire period) in both a taxed
market and its control markets; 96% of the taxed UPCs are sold
in both treated and control markets, representing >99% of all
volume sales.

Descriptive Statistics

Our data cover 587 unique UPCs in the soda category, ranging
from 385 UPCs in Philadelphia to 63 UPCs in Boulder (on
average, 197 UPCs per locality). They belong to 167 unique
brands, such as Coca-Cola, Pepsi, Red Bull, and Schweppes
(range from 114 brands in Philadelphia to 32 brands in
Boulder). Across all treated markets, we observe 208 stores (42
per locality), resulting in 13,690 UPC—store pairs. Notably, our
data indicate substantial heterogeneity across UPCs, brands, and
stores in terms of sales and marketing conduct across the five
markets, both during the pretax period and after the introduction
of the tax. As importantly, within UPCs, there is variation in the
marketing conduct within a retailer—week across its stores of the
same market. Following DellaVigna and Gentzkow (2019), we
calculate for each UPC, market, and retailer the average correlation
both before and after the soda tax introduction of its marketing
conduct across its stores. For regular price (promotion incidence,
promotion depth), we find an average correlation of .265 (.164,
.310) before and .402 (.159, .348) after the soda tax introduction.
That is, similar to DellaVigna and Gentzkow (2019) and Hitsch,
Hortagsu, and Lin (2021), we find some support of rigidity
across stores within a market but note that local adaptations to mar-
keting conduct are present (and relatively more prevalent than
found by DellaVigna and Gentzkow [2019] and Hitsch,
Hortagsu, and Lin [2021]). Only feature promotions are set at
the Nielsen designated market area (DMA) level and thus are

constant across stores within a UPC—retailer week.'® In Table 2
we present, across all UPC-store pairs, detailed information
about average levels of sales and the marketing conduct variables,
before and after the soda tax.

In line with extant research (e.g., Cawley et al. 2021), sales
volumes are substantially lower (—31%) after the introduction
of the soda tax. Regular prices increased by 17%, from 8.4¢/
0z. to 9.8¢/0z. At the same time, promotion frequency (—9%),
promotion depth (—8%), and feature frequency (—16%)
dropped sharply. However, not all UPC—store pairs reacted in
the same manner: most, but not all, UPCs exhibited increased
prices (95%), and a pertinent portion of UPC-store pairs
increased their promotion frequency (41%), promotion depth
(38%), and features frequency (28%).

Method

Our identification strategy aligns with prior investigations of soda
tax introductions (e.g., Cawley et al. 2021; Seiler, Tuchman, and
Yao 2021) and relies on a DID approach, which is apt for our
before-and-after-with-control setting. We include the five focal
markets, which experienced a soda tax introduction as treatment
markets, and other markets that sell the same products in a
similar environment but that did not experience a soda tax intro-
duction as control markets (see Table 3).

Control Markets

To identify control markets, we rely on distance-based match-
ing (Guo and Fraser 2015), such that we pair each treated three-
digit zip code with five other nonneighboring and untaxed

10 As such, taxed markets may only represent a subset of the DMA, over which
feature advertising is set by retailers. Hence, any changes may be conservative
because the level at which feature advertising is set is a combination of treated
and untreated markets; if all markets were treated, the effects would likely be
larger. We thank an anonymous reviewer for this insight.
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Table 2. Changes in Marketing Conduct and Sales Before and After Soda Tax Introduction.

Share of UPC-
Store Pairs with

Marketing Conduct Before Soda  After Soda Average Positive MNegative
Variable Operationalization Tax Tax Change Change Change
Volume sales in fl. oz. Total volume sold per UPC-store pair 708.61 489.84 -30.87%  28.70% 71.29%
Regular price in ¢/oz. Regular price (highest actual price in 8.39 9.78 16.59%  95.30% 4.33%
preceding four weeks) (Datta, Ailawadi,
and Van Heerde 2017)
Promotion frequency Indicator if UPC—store pair is on 13.94 12.64 —931%  40.74% 48.23%
promotion, 0 else. A promotion takes
place if the actual price is lower than the
regular price
Promotion depth in % | —the ratio of actual price to regular price, 48.60 44.75 —-7.92%  37.93% 58.62%
conditional on promotion (Datta,
Ailawadi, and Van Heerde 2017)
Feature frequency Indicator if UPC—store pair is featured in a 14.26 11.98 —15.97%  27.69% 33.14%

store’s weekly circular, 0 else

Notes: This table reports average weekly values across 13,690 UPC—store pairs (cf. 13,129 for promotion depth, because this measure is conditional on a
promotion existing). Values for promotion (feature) frequency indicate the share of observations in which a promotion (feature) takes place. If a UPC—store pair’s
price in a given week is not observed, we use the last observed price for this pair.

three-digit zip codes that are in other DMAs based on sociode-
mographic characteristics, health orientation, and political ori-
entation (Abadie 2005; Gill, Sridhar, and Grewal 2017).'":'?
Within each control market, we use the UPCs sold in the
treated markets as control units. In the Appendix, we describe
the matching variables and provide descriptive statistics for
the sets of variables applied to the treatment and control
markets. The Web Appendix (Table W1) provides a list of all
control markets.

Using matched control markets that are not neighbors
reduces the likelihood of treatment spillovers (i.e., violations
of the stable unit treatment value assumption [SUTVA]),
which can occur on both supply (coordination of marketing
conduct activities across markets) and demand (cross-border
shopping in adjacent markets) sides. In addition, by using
control and treated markets that are similar on observable vari-
ables (i.e., demographics, health orientation, and political orien-
tation), we can account for taste preferences at the market level,
in addition to other factors that may influence the markets’ pro-
pensity to adopt a soda tax. Finally, by leveraging the same
UPCs and time periods (but different markets), we ensure the
comparability of the treated and control units."®

Using geographically distant control markets with similar
observables helps reduce the likelihood of violating SUTVA

! The requirement for controls to come from different DMAs as the treated
market arises because feature promotions are set at the DMA level. Without
such a requirement, any effects would be differenced out.

12 As alternative sets of control markets, we use indirect neighbors (or neigh-
bors’ neighbors) and synthetic controls. We discuss the difference in the iden-
tifying assumptions and results next.

13 Figure W1 in the Web Appendix provides a geographical illustration of the
location of the control markets for Philadelphia.

assumption. While our matching is based on several market
characteristics (i.e., demographics, health orientation, and polit-
ical orientation), our control markets may still differ in unobserved
preferences for soda. As a robustness check, we consider two
potential alternative approaches to the composition of the control
markets: (1) geographically proximate markets and (2) synthetic
controls derived from a pool of potential control markets. For
the geographically proximate markets, we rely on the notion that
proximate markets experience similar demand shocks and have
similar unobserved preferences (e.g., Seiler, Tuchman, and Yao
2021). For example, using geographically close markets, we
might account for demand shocks driven by weather patterns or
sports events. With a robustness check, using indirect neighbors
(neighbors’ neighbors), we assess the sensitivity of our results to
the selection of control markets. For the latter alternative, we
employ the recently proposed synthetic DID estimator
(SynthDID; Arkhangelsky et al. 2021), which creates a synthetic
control based on the pretreatment marketing conduct. Any unob-
servable preferences for soda that are reflected in the pretreatment
marketing conduct will therefore be similar in nature between
treated and controls. We note that this alternative analysis esti-
mates treatment effects only for the outcome variable (e.g.,
regular price, promotion frequency) and hence is only possible
for the marketing conduct analysis, rather than the variation in
marketing effectiveness.

Models

Effects on marketing conduct. With a first set of models, we
aim to evaluate the effect of the soda tax on each marketing
conduct m (1 =regular price, 2 = promotion frequency, 3 =
promotion depth, and 4 =feature frequency). For ease of
interpretation, we take the natural log of regular price,
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Table 3. Treatment and Control Groups Across Localities.
No. of Stores No. of UPC-Store Pairs Markets
Locality Treat Control Treat Control Treat Control
Philadelphia 140 483 7,351 35,032 | 5
Boulder 3 170 117 2,475 | 5
Oakland 4 101 272 4,785 | 5
San Francisco 20 226 1,817 8318 | 5
Seattle 4] 374 4,133 23,271 | 5
Sum 208 1,354 13,690 73,881 5 25
whereas for promotion frequency, promotion depth, and conduct variables (f). The DID model is
feature frequency we use the operationalization as dis-
cussed in Table 2. Our interest is in the change in marketing 4
conduct in a locality /, because of the tax introduction, cap- In(y,s0 = Zl Pm(TREAT,* POST;* MKTGnm,u,s1)
tured by ay,; in the following equation. For each specific m, "=
. 4
we estimate
+ Y Ym(TREAT* MKTGip )
5 m=1
MKTGiuse = 3 tiny(TREAT,* POST,* LOCALITY)) 2)

=1
+ Cm,u,s + Cm,l,t + E€m,u,s,ts
1)

where MKTGy, s refers to marketing conduct m of UPC u
in store s in week t; TREATS; is an indicator that identifies
whether a store is located in a market that experiences a
soda tax introduction, POST; takes the value of 1 in weeks
4 to 52 after the introduction of a soda tax in the treated
market and 0 otherwise, LOCALITY,; identifies the five
soda tax introductions (1 =Philadelphia, 2 =Boulder, 3 =
Oakland, 4 =San Francisco, and 5= Seattle), {, ;. is the
locality—week fixed effect, (,,, covers the UPC-store
fixed effects,'* and €must 1S an error term.'>

Effects on marketing effectiveness. Next, to inform our second
research objective concerning the effect of soda taxes on sales
and the associated effectiveness of the marketing conduct, we
rely on a DID specification and compare the change in
volume sales and effectiveness of the four marketing conduct
variables for UPC—store pairs in taxed markets versus the
same UPCs in the same period at stores in the control
markets. Specifically, we are interested in the coefficients
related to the interaction of the soda tax and the marketing

4 1n both Equations 1 and 2, the main effect of TREAT; is absorbed in the
UPC-store fixed effect ¢, ((denoted as {,, in Equation 2). Similarly, the
main effect of POST, is covered by the locality-week fixed effect G,
(denoted as ¢;,in Equation 1).

'3 Although we assume that the error terms for the different marketing conduct
variables are independent, we note that estimating a seemingly unrelated regres-
sion with the same set of regressors is equivalent to our estimation approach, as
shown in Amemiya (1985, p. 197) via direct calculation or Davidson and
MacKinnon (1993, p. 313) using Kruskal’s theorem.

4
+ Y 8m(POST,* MKTGryys.)

m=1

4
+ Z em(MI{TGm,u,s,t) + Czl,t + Cu,s,t + Eusts

m=1

where y, ¢ refers to the volume sales of UPC u in store s in
week t; TREAT and POST; are as specified for Equation 1;
MKTGy ust captures the level of marketing conduct variables
m;'® Gy and G, are the locality-week and separate UPC-
store fixed effects for the pre- and posttreatment periods; eyt
is an error term; P are the focal parameters of interest that
capture how the effectiveness of marketing conduct changes
with the soda tax introduction; and the vy, §, and 6 parameters
capture the difference in marketing conduct effectiveness in
taxed markets versus control markets prior to the tax introduc-
tion (y), the change in marketing conduct effectiveness in
untaxed markets after the introduction (8), and the marketing
conduct effectiveness in control markets prior to the introduc-
tion (0).

Threats to Identification

Despite careful selection of control markets that do not violate
the SUTVA assumption and robustness assessment with geo-
graphic proximal markets to incorporate common demand
shocks and synthetic control to account for unobservables,
there are other threats to identification that require attention.
The primary among these threats is the endogenous nature of
marketing conduct variables. We also discuss issues that
relate to (1) within-store competition and manufacturers’ pass-
through, (2) time window, and (3) advertising at market and
brand levels.

16 We mean-center all continuous marketing conduct variables in Equation 2.
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Endogeneity of marketing conduct variables. The marketing
conduct variables MKTGy, 5+ in Equation 2 are strategic man-
agerial decisions that may capture unobserved demand shocks
and the firm’s strategic intent, such that they may be endoge-
nous. We use a combination of fixed effects to address these
endogeneity concerns. We employ these at the locality—week
to account for any unobserved demand shocks at the locality
level, as well as UPC-store pair fixed effects, separately for
the pre- and posttreatment periods, that reflect unobserved dif-
ferences across products.'” That is, we use the variation within
the pre- and posttreatment periods to estimate our parameters.
The rationale for using fixed effects to account for endogeneity
follows Erdem, Keane, and Sun (2008), who argue that market-
ing conduct is not endogenous in the short run as it does not
seem to covary with changes in taste (as tastes are relatively
constant) and, even if so, retailers lack the ability to respond
timely to weekly variations in taste. Following this reasoning,
marketing conduct variations are predominately driven by inter-
temporal discrimination, making marketing conduct changes
exogenous to consumer preferences. Similarly, Berry,
Levinsohn, and Pakes (1995) argue that the relevant omitted
variables for marketing conduct decisions, such as price, are
product characteristics. As these are time-invariant, our UPC—
store fixed effects should account for these (and would even
account for these if they would change with the tax introduction
as we include UPC-store fixed effects separately for the pre-
and postperiods). Other unobserved shocks such as promotions
are either accounted for explicitly or through the locality—week
fixed effects.

Within-store competition and manufacturers’ pass-through. The
same UPC offered by multiple retailers in a market may not
receive the same support in terms of shelf space or shelf posi-
tioning, due to differences in within-store competition.
Similarly, it may receive attention depending on shelf crowded-
ness, or the number of UPCs offered by the retailer and the
types of competing UPCs and brands. In addition, retailer—-man-
ufacturer power balances influence price and promotion deci-
sions (Ailawadi et al. 2010). Soda taxes are levied at the
manufacturer (and not the consumer) level, resulting in an
increase in wholesale cost for a manufacturer. The manufactur-
ers’ power may determine how much of this increase in costs
are passed on to the consumer (i.e., the pass-through rate). If
it is not passed on completely, their power also can determine
whether retailers or manufacturers cover the remainder.
Notably, for consumers and researchers, information about
who covers this remaining tax is unobservable.

Because differences in within-store competition and manu-
facturers’ pass-through might be omitted variables that correlate
with marketing conduct and sales, they might bias our

17 We also estimate a model using fixed effects and a control function approach
(i.e., we instrument the marketing conduct variables) and find substantively the
same results. We report the results to this robustness check in Table W5 of the
Web Appendix.

estimates. We account for these omitted variables with fixed
effects. That is, we use UPC-store fixed effects to subsume
unobserved differences across UPCs (and manufacturers)
within a store, such as those pertaining to a UPC (e.g.,
quality), the store (e.g., store or retailer power), and their com-
bination (e.g., UPC’s relevance to a store). However, a potential
concern associated with using UPC-store fixed effects to
account for within-store competition or the power dynamic is
that competition may change over time. For example, a retailer
may become more powerful relative to a brand manufacturer. In
our setting, this risk is minimal, as our estimation period is rel-
atively short and because we have separate UPC-store fixed
effects for the pre- and postperiods. Moreover, our results
remarkably stable across different time windows (up to 52
weeks postintroduction, 13 weeks postintroduction, 26 weeks
postintroduction, and 39 weeks postintroduction; see the fol-
lowing subsection), indicating that any unobserved shifts over
time are unlikely to affect our results.

Time window. We analyze the effects of a soda tax within a
one-year time window while omitting the first three weeks. Two
considerations drive our choice of a time frame for the analysis:
(1) the implementation of the tax may come with some idiosyn-
cratic anomalies in marketing conduct for logistical reasons and
(2) managers will have had time to learn and/or strategically
adjust their marketing. Indeed, a visual inspection of the parallel
trend plots provided in the Web Appendix (Figures W2 and
W3) indicates nontrivial deviations for promotion frequency and
depth during the dust-settling period, thus suggesting our omission
of those weeks. Balancing these two criteria, we set the time
window to week 3 until the end of the first year. In a robustness
check, we alter the window to 13, 26, and 39 weeks.

Advertising at market or brand level. We explicitly focus on
store-specific marketing conduct decisions, but market- and/or
brand-level decisions could covary with them and with sales,
such that omitted market- and brand-level variables could
bias store-specific marketing conduct decision parameter esti-
mates. To our knowledge, no data source provides local adver-
tising at the UPC level (or subsets) for our study context.'®
Evidence that local advertising does not change with a soda
tax introduction (Zenk et al. 2020), and the size of the
markets subjected to the soda tax suggests that it is unlikely
to influence national advertising decisions. Still, we account
for these possible influences by including brand-market fixed
effects that can capture brand-idiosyncratic factors, such as
advertising decisions. The UPC-market fixed effects (which
are included separately for the pre- and postperiods) in our
model already subsume brand fixed effects as well as potential
changes from before to after the soda tax introduction. We also
note the presence of advertising campaigns discouraging soda

'8 Shapiro, Hitsch, and Tuchman (2020) offer an extensive discussion of the
issues of matching Nielsen RMS sales data with available advertising data.
To the best of our knowledge, no UPC-level advertising data are available.
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taxes, run by the American Beverage Association (Aubrey
2016; Sasko 2016). The association, which includes
Coca-Cola, PepsiCo, and Keurig-Dr Pepper as members,
launched several campaigns rallying against sugar taxes.
Their execution occurs at the industry level, and the campaigns
do not feature individual UPCs but rather aim to create antitax
sentiment. As such, these campaigns should affect demand for
soda in general, rather than particular brands or UPCs. To
capture their effects, we include locality—week fixed effects.

Results

We first assess the validity of the parallel trends assumption and
then discuss model-based results. We present the model-based
results in four parts: (1) the causal effect of soda tax introductions
on marketing conduct, (2) how soda taxes determine the effective-
ness of the four marketing conduct variables, (3) assessments of
two mechanisms for the change in marketing effectiveness, and
(4) estimates of three robustness checks based on different compo-
sition of control markets and an alternative endogeneity correction
for the marketing conduct variables.

Parallel Trends Assumption Validity

Our estimation approach relies on the assumption that treatment and
control markets follow the same trends in the absence of soda tax
introductions. To assess the wvalidity of this assumption, we
provide two separate pieces of evidence. First, in Figure W2 (Web
Appendix), we present visual evidence for the evolution of sales
volume and marketing conduct variables for Philadelphia and its
control markets. All the graphs show similar patterns up until the
introduction of the soda tax (for other localities graphs, see Web
Appendix Figure W3). Second, we regress our dependent variables
on trend variables (one per locality) and another variable that cap-
tures the deviation of the treated markets’ trend from that of the
control markets using pretreatment data (closely following
Bronnenberg, Dubé, and Sanders [2020]). To regress all the depen-
dent variables, we use Equation 1 and replace the locality—week
fixed effects by a separate time trend (i.e., variable containing the
week number) for each market. Then we derive an interaction
effect of the time trend with the treatment indicator. The parameter
of this interaction effect indicates if the pretax trend for the treatment
market deviates from the trend of the control markets, as well as the
magnitude of this potential deviation. Similar to Bronnenberg, Dubé,
and Sanders (2020), we find that some trend deviation parameters are
statistically significant, yet they have little economic significance,
particularly in contrast with the effects of the soda tax introduction. '’

1 For example, in the regular price equation, the parameter for the trend devia-
tion of treated markets is just —.00010 (p <.05). Yet, even at the end of the first
year, it only results in a difference of —.50% (e~°°'° * 32 — 1), which is neg-
ligible compared with even the smallest price shift of 18.27% due to the soda tax
in Seattle (e'%® — 1 = 18.27%). For all other time series, the trend deviations are
also several orders of magnitude smaller than the tax effects: sales volume
(—.59%), promotion depth (—.78%), promotion frequency (.84%), and features
(—1.64%).

Effect of Soda Taxes on Marketing Conduct

To assess the effect of the soda tax introduction on regular price,
promotion frequency, promotion depth, and feature frequency,
we estimate Equation 1 for each marketing conduct variable.
We present the associated parameter estimates in Table 4.

Regular price and pass-through rates. Across localities, regular
prices increase substantially, by an average of around 23%.
For the regular price in Seattle, subject to a 1.75¢/oz. tax, we
find the smallest price increase of 18.28% (o;5=.168, p<
001, e'% — 1=18.28%). In Boulder, with a soda tax of 2¢/
oz., regular prices increase by 21.62% (o2 =.196, p<.001),
while in Philadelphia, with a soda tax of 1.5¢/oz., we find
price increases of 31.69% (o1 =.275, p<.001). Finally, in
San Francisco and Oakland, which each have a 1¢/0z. soda
tax, the price effects equal 19.71% (o; 4 =.180, p<.001) and
22.45% (o3 =.202, p<.001), respectively.

In addition to the relative changes in regular prices, we compute
the share of the soda tax passed on to consumers in each locality,
pass-through rate (ﬁcgm), to enable a comparison with extant
literature. To that end, we respecify the dependent variable in
Equation 1 to be the untransformed, actual price (in ¢), such that
oy — oy s represent the price change in ¢/oz. To calculate the
pass-through rate, we compare the estimated tax increase in
¢/oz. for each specific locality; the results appear in Table 5.

In Seattle, we find a pass-through rate of 71.40% (o; 5 =1.25, p
<.001, equivalent to a 1.25¢/0z. increase at a 1.75¢/0z. tax), in line
with the 59% pass-through rate reported by Powell and Leider
(2020). For Boulder, we observe an 69.69% pass-through rate
(012 =1.39, p<.001), comparable to the 74% that Cawley et al.
(2021) report for grocery stores. In Oakland, we estimate a
104.56% pass-through rate (ar; 3 = 1.05, p<.001), slightly higher
than the 92% reported by Falbe et al. (2020). But consistent
with Falbe et al., we find a 107.25% pass-through rate for
San Francisco (x;4=1.07, p<.001). Finally, in Philadelphia,
we estimate a pass-through rate of 87.82% (a;;=1.32, p<
.001), in line with pass-through rates of 90% cited by Roberto
et al. (2019), 97% by Seiler, Tuchman, and Yao (2021), and
103% by Cawley et al. (2020). In summary, using the same data
types and study protocols across multiple localities, we replicate
existing insights on pass-through rates.

Promotion frequency. We find a decrease in promotion frequency
(of —2%, on average, across all localities) and individually for four
out of five localities (all except for Oakland), whereas for one of
the smaller locality (Boulder, —3.7%) we do not find any statistical
evidence of a change. To unravel heterogeneity in this effect, we
present all relative changes for each locality (and each marketing
conduct variable) in Table 5. To calculate the effect for Seattle,
for example, we compare the change (o, 5 =—.040, p<.001; or
—7.46%) against the average promotion frequency before the
soda tax introduction in Seattle, which was 53.4%. Therefore,
the change amounts to a 7.46% decrease (= —4.0/53.4, see
notes to Table 5 for details). San Francisco, Philadelphia, and
Boulder similarly show reduced promotion frequencies, ranging
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Table 4. Impact of Soda Tax Introduction on Marketing Conduct.

Ln Regular Price®

Promotion Frequency

Promotion Depth Feature Frequency

DV (m=1) (m=2) (m=3) (m=4)
Treat X Post X Philadelphia (otm,|) 275 (.003)*#* —.016 (.002)%*#* —.012 (.00 )y*** .018 (.00 )***
Treat X Post x Boulder (0t 2) 196 (.021)%** —.018 (.017) —.039 (.010)*** —.024 (.010)*
Treat X Post X Oakland (0t 3) .202 (.010)*** 018 (.010)f —.027 (.006)*** —.027 (.004)***
Treat X Post X San Francisco (otm 4) .180 (.004)*** —.008 (.005)" —.005 (.002)** —.043 (.003)***
Treat X Post X Seattle (0 5) .168 (.003)*#* —.040 (.003)*#* —.004 (.00 )*** —.058 (.002)***
Locality-week fixed effects ((, ;) v v v v
UPC-store fixed effects ({, ) v v v v
Control variables v v v v

No. of observations 7,107,822 7,107,822 3,510,142 7,107,822
Store X UPC pairs 87,571 87,571 84,740 87,571
fp<.10.

*b<.05.

*p<.0l.

¥y <.001.

We interpret the treatment effect on the logarithm of regular price as follows: A treatment effect of .275 means that the effect on the regular price is 31.69% (e%7° — 1).
The other dependent variables are not log-transformed, so the parameter estimates represent the marginal effect.

Notes: Observations include 4" to 52" week after the soda tax introduction. Standard errors are clustered by UPC—store pair and displayed in parentheses. (Clusters at
higher level of aggregation than UPC—store [viz., UPC—retailer, store, brand—store] result in comparable standard errors.) Number of observations is lower for promotion
depth, because this measure is conditional on the presence of a promotion.

Table 5. Pass-Through Rates and Relative Changes in Marketing Conduct.

Tax Increase (¢/oz.) Pass-Through A Promotion Frequency A Promotion Depth A Feature Frequency

Philadelphia 1.50 87.82% -3.39% —10.16% 18.56%
Boulder 2.00 69.69% n.s. —26.73% —14.56%
Oakland 1.00 104.56% 7.58% —15.23% —22.48%
San Francisco 1.00 107.25% —1.58% —-3.36% —25.78%
Seattle 1.75 71.40% —7.46% -2.93% —27.40%
Average 1.45 88.15% —1.71% —11.68% —14.33%

Notes: We calculate the relative change by comparing the change in marketing c
%100

for promotion frequency, we calculate ——=2———
promo_freq_prior_to_tax;

, where oy is the es

onduct against the pretax average of that marketing conduct variable. For example,

timated parameter for locality | in Equation |, and promo_freq_prior_to_tax,

represents the average promotion frequency prior to the introduction of the tax for a given locality. For Philadelphia, we estimate a value of —.016 for a5 |, and the

promo_freq_prior_to_tax is 47.5%. Plugging in these values (
.10, except for Boulder’s change in promotion frequency (—3.72%, p >.10).

—.0l 6><I00)
47.5

between 1.6% and 3.4%: San Francisco (o 4=—.008, p<.10;
—.8/48.71% =—1.6%), Philadelphia (0 ;=-.016, p<.001;
—1.6/47.51%=-3.4%), and Boulder (0,=-.018, p>.10;
—1.8/47.68% = —3.72%), whereas for Oakland (0 3=.018, p<
10; 1.8/23.17%="7.58%) the effect is positive but had a far
lower baseline before the soda tax.

Promotion depth. The magnitude of promotion depth, conditional
on a promotion occurring, decreases substantially after the tax
introduction for all localities. Across localities, we observe the
strongest decrease in Boulder, with a 3.9% percentage point
reduction (o3, =-.039, p<.001) in average promotion depth,
representing a 26.7% drop compared with the average promotion
depth of 14.50% before the tax (3.9%/14.50% = 26.7%); this is
followed by Oakland and Philadelphia with a 15.23% (o33 =
—.027, p<.001; —2.7%/17.5% =—15.23%) and 10.16% (o3 ; =
—.012, p<.001; —1.2%/12.05% = —3.36%) reduction in promo-
tion depth, respectively. We find slightly lower average relative

produces a decrease of promotion frequency of 3.39%. All changes are significant at at least p <

reductions, around 2.9%, in Seattle (035=-.004, p<.001;
—.4%/14.90%=—-2.9%) and 3.4% in San Francisco (0t34=
—.005, p<.01; —.5%/14.71% = —3.36%).

Feature frequency. The appearance of soda UPCs in store cir-
culars decreases by 14% after the soda tax introduction. In
Seattle, we observe a drop of more than 5.8 percentage
points (o4 5=—.058, p<.001), reflecting a 27.4% relative
reduction compared with the pretax average frequency of
21.25% (—5.8%/21.25%=-27.4%). San Francisco’s,
Oakland’s, and Boulder’s reductions are at 25.78% (04 4=
—.043, p<.001; —4.3%/16.67% =—-25.78%), 22.48% (043
—.027, p<.001; —2.9%/11.86% = —22.48%), and 14.56%
(0tg2=—.024, p<.05; —2.4%/16.76% =—14.56%), respec-
tively. In Philadelphia, we observe an increase (o4, =.018,
p<.001; 1.82%/9.80% = 18.56%) in feature frequency after
the soda tax introduction. Notably, Philadelphia is the only
market that taxed both diet and regular sodas. Thus, retail
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Table 6. Impact of Soda Tax Introduction on Marketing Conduct Effectiveness.
Variables Parameter SE
Baseline marketing conduct effectiveness (control Regular price () —1.023%#* 017
markets, pretax period) Promotion frequency (6,) 190k .003
Promotion depth (63) 1.676%+* 015
Feature (04) 419k .005
Change in marketing conduct effectiveness with Treat X Post X Regular price (B,) 3 .052
soda tax introduction (treated markets, posttax Treat X Post X Promotion frequency (B,) .03 [ .008
period) Treat X Post X Promotion depth (B;) —.301%*k .044
Treat X Post X Feature (f,) —.043%Fk 012
Difference in marketing conduct effectiveness Treat X Regular price (y,) 2340 .041
(treated market, pretax period) Treat X Promotion frequency (y,) 0207+ .006
Treat X Promotion depth (y3) —.665%Fk .034
Treat X Feature (y,) —. | 25%F* .0l0
Change in marketing conduct effectiveness Post x Regular price (/) —.008 .020
(control markets, posttax period) Post x Promotion frequency (5,) 0 [ 4% .003
Post X Promotion depth (83) -.012 017
Post x Feature (54) —.046%F* .006
Control variables Locality—week fixed effects () v
UPC-store fixed effects (G, .) v
Number of observations 7,107,822
Store X UPC pairs 87,571

*p<.l0.
* p<.05.
**p<.0l.
ek < 001.

Notes: Observations include the 4™ to 52" week after the soda tax introduction. Standard errors are clustered by UPC—store pair.

managers could not simply substitute taxed, sugary sodas
with diet sodas in their store circulars.?’

In summary, we find substantial, consistent reductions in pro-
motion frequency, promotion depth, and feature frequency, in
support of the contention that managers respond to external
events (Cleeren, Van Heerde, and Dekimpe 2013) and set market-
ing conduct levels based on expected sales levels or products’
gross margins, both of which likely decrease due to soda taxes.

Marketing Conduct Effectiveness

In Table 6, we present the parameter estimates from Equation 2
that we use to examine changes in marketing conduct effective-
ness after the soda tax introduction.

20T assess whether there is evidence for this behavior, we have collected addi-
tional data on untaxed (i.e., diet) stockkeeping units (SKUs) in the Seattle,
Oakland, Boulder, and San Francisco localities and calculate, at the retailer
level, the share of regular SKUs that are featured (number of regular SKUs
on feature divided by the number of soda SKUs on feature). We then specify
a difference-in-difference-in-differences model where we compare the change
in feature usage of regular SKUs (before vs. after with control) for
Philadelphia to the change in feature usage of regular SKUs for the other
markets. With the soda tax introduction, markets that tax only regular SKUs
tend to decrease their share of regular featured SKUs compared with control
markets (« = —.020, p = .122), though the effect fails to reach traditional
levels of significance. More importantly, however, Philadelphia, which taxes
both regular and diet SKUs, experiences an increase relative to the other local-
ities in the usage of regular SKUs in features (f = .043, p <.10). This supports
the notion that retailers tend to steer away from regular SKUs in their feature
usage when only regular SKUs are taxed. We thank an anonymous reviewer
for this suggestion.

Change in marketing conduct effectiveness. The parameters
exhibit face validity. Regular price has an elasticity of —1.023
(»<.001), in line with meta-analytic findings related to price elas-
ticities (Bijmolt, Van Heerde, and Pieters 2005). The parameters of
promotion depth (8; = 1.676, p <.001), promotion frequency (6, =
.190, p<.001), and feature (8,= .419, p<.001) in the soda cate-
gory also are in line with extant research (e.g., Datta, Ailawadi,
and Van Heerde 2017; Web Appendix E).

In turn, we observe both economically and statistically
substantive changes in marketing conduct effectiveness
with the introduction of a soda tax. First, our key parameter
of interest indicates that regular price elasticity declines (f; =
311, p<.001). This reduction represents a change of 39.02%
compared with what the elasticity would be without the soda
tax introduction (0, +9;+v,=-.797, p<.01). Put differ-
ently, consumers react substantially less to regular price
changes after the substantial price increase following a
soda tax introduction, potentially because only less price-
sensitive consumers remain in the market or because of a
changed responsiveness to regular price changes. Second,
promotion frequency effectiveness increases by 13.70%
due to the soda tax (B3=.031, p<.001), compared with
what it would be without the tax (03+0;+73=.224, p<
.001), in line with the notion that consumers shift their pur-
chases from regular prices toward promotions to counteract
steep (regular) price increases due to the soda tax. Third, con-
ditional on a promotion, steeper discounts typically improve
sales (0, + O, + v, =1.000, p<.001), but due to the soda tax,
they are less effective (B, =—.301, p<.001), with a 30.07%
reduction (.301/1.000). That is, consumers continue to
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show an interest in soda promotions, presumably due to the
higher price level overall (in line with current marketing lit-
erature), but if a promotion is supposed to elicit the same
sales response, ceteris paribus, as before the soda tax intro-
duction, it will need to be deeper given that consumers are
less responsive to it after the introduction. Fourth, feature
promotions typically increase sales (04 + 84+ v4=.248, p<
.001), but this effect also decreases substantially (Ps=
—.043, p<.001), amounting to —17.43% (—.043/.248) after
the soda tax introductions.

Mechanisms for Change in Marketing Effectiveness

We consider two plausible mechanisms that may be of relevance in
driving the change in marketing effectiveness. First, households
may have updated their preferences and subsequent soda-shopping
behavior as a result of either the signal that a soda tax sends and/or a
base price increase. Put differently, households may all have shifted
in their sensitivity to marketing conduct. We label this first mech-
anism “within-household changes.” Second, the changed promo-
tion effectiveness may be driven by changes in aggregate
demand because the composition of households that purchase
soda has changed. This scenario suggests that subsets of house-
holds may decide to buy less (or not at all) and/or frequent other
markets (as found in Seiler, Tuchman, and Yao 2021) because of
the introduction of a soda tax. To concretize the second mechanism,
we rely on game-theoretic work on promotions that suggest the
existence of segments based on different degrees of price sensitivity
(e.g., Narasimhan 1984). If the more price-sensitive segments
lower the frequency with which they purchase soda (or drop out
of the category altogether), we should observe changes in aggregate
effectiveness. We label this second mechanism “household compo-
sition changes.”

To provide some insights into the presence of within house-
hold changes and household composition changes, we conduct
an analysis using the household panel (HMS) provided by
Nielsen. Similar to our main analysis, we use a DID framework
with households from the same treatment and control markets
and analyze if their shopping behavior changes. More specifically,
we analyze three dimensions that characterize a household soda
purchasing behavior in using a 13-week pre- and 52-week post-
window around the treatment (13 pre, 52 post). These three
dimensions are (1) trips during which soda is purchased, (2) the
units of soda purchased, and (3) the volume purchased. Jointly,
this set of variables allows us to detect changes in frequency
and volumes of purchases due to the soda tax. If this effect
varies across households (i.e., affects certain segments more
than others), it implies that the household composition will be
affected. We proceed in two steps: we first establish whether
the soda tax affects household soda purchasing behavior and
then supplement this model by interacting the treatment effect
with other household characteristics that proxy for segment mem-
bership (as in Narasimhan [1984]).

We present our empirical approach to test these mechanisms in
the Web Appendix, along with the estimation results in Table W3.
We find that the introduction of the soda tax influences a

household’s soda purchasing behavior. The effects on trips (f; =
—.016) and volume purchased (; =—1.376) are significant at p
<.01, whereas the effect of the tax on the units purchased (; =
—.070, p<.10) is only marginally significant. In the models that
interact household characteristics with the introduction of a soda
tax, we observe virtually identical main effects: we detect no sig-
nificant interaction of the treatment effect with household income,
household size, and female head education, and only observe stat-
istically significant interactions (p <. 05) of the introduction of the
tax with one factor, “female head of household age” (DV =
volume purchased, Bs=—.335, p<.05, DV =units purchased, 5
=-.033, p<.01). This suggests that the effects we observe are
not correlated strongly with many customer segment indicators.
While we cannot rule out the possibility that there are other
proxies that would correlate with customer segments, we tenta-
tively conclude that the change in marketing conduct effectiveness
tends to be driven more by within-household changes rather than
household composition changes. However, we acknowledge that
the sparseness of the household level data in these treated localities
may interfere with our ability to detect changes. While we have
used as many households as possible across all five localities,
richer data, ideally covering more households in treated localities,
could allow us to estimate household-specific price sensitivities.
We are not aware of such data sources but are hopeful that
future research will shed more light on this question.

Robustness Checks

We assess the robustness of our findings to our selection of control
markets and our efforts to account for the endogenous nature of the
marketing conduct variables. In our main model, we use the same
UPCs in matched markets, similar in their infrastructure, consumer
composition, and health and political orientations but geographically
distant. In a first robustness check we replace these control markets
with geographically close markets, where we use the same UPCs
offered by the same retailers as control units. In a second robustness
check, we use the SynthDID estimator (Arkhangelsky et al. 2021)
that creates a synthetic control. We discuss the results and present
the parameter estimates for these two robustness tests in Tables
W6-W10 in the Web Appendix but note that our key insights
remain the same with both robustness checks.

Second, we employ suitable set of fixed effects to correct for the
potential endogeneity of the marketing conduct variables in our
main analysis. We conduct a robustness check in which we supple-
ment Equation 2 using a control function approach and use instru-
ments for marketing conduct. We discuss our approach in the Web
Appendix and find that our findings are virtually identical to those of
the focal model (see Table W5 in the Web Appendix).

Discussion

With increasing adoption of soda taxes across cities, counties, and
countries, research into their effects has focused predominately on
sales, consumption, and prices in a single setting. We build on this
research by studying marketing conduct variables besides price
and using the same research protocol to study Philadelphia,
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Boulder, Oakland, San Francisco, and Seattle. In addition to
examining the implication of soda taxes for consumer demand,
we model changes to supply-side decisions (i.e., regular price,
promotion frequency, promotion depth, and feature frequency).

Assessing the Evolution of the Effect of a Soda Tax

Our analysis relies on a one-year postintroduction analysis period
in which we dropped the first three weeks to allow for a dust-
settling period (Dekimpe et al. 2008). To gain additional insights
into how these effects unfold, we assess them over shorter time
windows. Thus, we reestimate Equations 1 and 2 three times,
using up to 13, 26, and 39 weeks after the soda tax introduction
(where we again omit the first three weeks). We present the
detailed results in the Web Appendix and discuss the key
results here. As Tables W11-19 in the Web Appendix show,
the results are similar across marketing conduct variables to our
focal results. See the Web Appendix (p. W18) for a detailed dis-
cussion about the similarity of the results.

Contributions to Soda Tax Research

Our findings replicate the results of prior studies that address the
changes in regular prices due to soda taxes and offers novel
insights along two dimensions. First, using the same research pro-
tocol across the five cases, we establish the face validity of our
findings, which are comparable to evidence in prior literature,
and the consistency of the results across localities (Figure 1). As
such, we rule out the possibility that the research protocol
drives variations in pass-through rates.

Second, we provide comprehensive evidence of how soda taxes
exert influences beyond prices, by identifying the impacts on promo-
tion depth, promotion frequency, and feature frequency. Across five
localities, we find consistent decreases in promotion depth (—12%),
promotion frequency (—2%), and feature frequency (—14%), which
is similar to prior findings on promotion pass-through rates (e.g.,
Ailawadi and Harlam 2009) that suggest that expected sales deter-
mine promotion funding. Thus, in addition to the well-documented
reduction in sales due to price increases imposed by soda taxes,
we also see reductions in promotional funding. Therefore, it
becomes important to study the effect of promotional tools besides
price while accessing the impact of soda taxes on sales.

To assess how relevant promotional conduct adjustments are rel-
ative to regular price changes, we calculate the expected sales
change due to the conduct adjustments separately for regular price
and each promotional tool. Specifically, we multiply the effective-
ness of marketing conduct m (B, + Ym + Om + 6, Equation 2)
by the change in the conduct due to the soda tax (04,1, Equation
1). Across localities, the most important driver of sales changes is
indeed the increase in regular price (soda tax’s price increase).
However, reductions in the promotional conduct substantially exac-
erbate the sales reduction and account for 18% of the reduction
through marketing conduct changes (promotion frequency —2.9%,
promotional depth —10.0%, and feature frequency 5.3%). This
underscores the importance of hitherto disregarded reductions in pro-
motional efforts in assessing soda tax’s effects on sales.

Contributions to Marketing Conduct and Effectiveness
Literature

The consistent, sizable changes in marketing conduct (reduction
in all marketing conduct variables and less than complete pass-
through of regular prices) contrast with the more nuanced
changes that we find in terms of marketing conduct effective-
ness. The baseline (i.e., pretax) marketing conduct effectiveness
estimates match prior findings (see, e.g., Datta, Ailawadi, and
Van Heerde 2017), but we find reduced effectiveness of promo-
tion depth and feature frequency, along with increased effec-
tiveness of promotion frequency and regular price increases.
To dig deeper, we assess whether these changes in marketing
effectiveness may be driven by changes in individual house-
holds’ sensitivity (within-household change over time) or a
change in which (types of) households purchase soda (house-
hold composition change). Analyses of household-level data
suggest the presence of a within-household change, rather
than a change in household composition, where consumers
with different levels of sensitivity toward marketing conduct
drop out of (or remain in) the market.

These nuanced findings help explain the outcomes of
potentially ineffective practices in which managers do not
adjust their marketing conduct according to the effectiveness
of the marketing conduct variables. Reducing promotional
depth and feature frequency seems appropriate, considering
their diminished effectiveness. However, average promotion
frequency decreases, even as its effectiveness increases by
14%. Similarly, regular prices increase by less than the
amount of the tax (representing an effective price decrease
after the tax), even though price elasticity declines (i.e.,
moves close to zero). This finding contributes to nascent lit-
erature that indicates that marketing conduct effectiveness
and marketing conduct decisions do not always go hand in
hand (Chevalier, Kashyap, and Rossi 2003; Gijsenberg
2014; Keller, Geyskens, and Dekimpe 2020).

Policy and Managerial Implications

Our study offers insights that inform both policy and retail and
brand managers. However, before we delve into these implica-
tions, it is important to recognize that they are derived from
DID and SynthDID analyses (i.e., descriptive causal models).
Perhaps stronger implications would result from an equilibrium
model with consumers, retailers, and brand managers as strategic
actors. We examine varying time windows for 13 to 39 weeks and
find consistent results, which seems to suggest the possibility of
an equilibrium generating the results. Nonetheless, it is important
to recognize that we present descriptive causal models, and limi-
tations of this approach do apply. Studies that directly model equi-
librium are a potential future research avenue. Thus, our findings
should be viewed with caution on this front, as we model a com-
posite of retailers and brand managers.

From a policy perspective, we affirm evidence (e.g., Cawley
etal. 2021; Seiler, Tuchman, and Yao 2021) that soda taxes can
reduce soda sales and, presumably, consumption. Importantly,
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Figure 1. Comparison of Pass-Through Rates Across Localities.

our study highlights the need for policy makers to not only
assess the direct effects of soda taxes but also understand the
indirect effect that emanates due to supply side changes in the
retailing industry. Such indirect effects negatively contribute
to the already negative effect of soda taxes on soda sales.

For managers, our study helps clarify changes to effec-
tiveness of the marketing conduct variables. First, increasing
regular prices by the full amount of a soda tax (or even more)
may be justified because regular price elasticity declines sub-
stantially, so managers can expect less pronounced con-
sumer reactions to price increases. Second, a soda tax
necessitates some substantial revisions to the design of pro-
motional efforts. It appears worthwhile to increase the
number of offered promotions, for which effectiveness
increases by more than 10%. Yet managers may not offer
the same promotions, such that they can be more conserva-
tive with their promotion depth and using features, due to
the reduced (but still positive) effectiveness of the latter
two marketing conduct instruments. Table 7 summarizes
our findings and implications for each aspect of the market-
ing conduct.

Limitations and Further Research

We close by noting some limitations of our study, which provide
fruitful avenues for further research. Our study is the first to use the
same data source and model specification across five separate soda
tax introductions, and it produces remarkably consistent effects.
Yet we cannot assess whether this consistency holds across
brands, retailers, and individual products. For example, does mar-
keting conduct effectiveness vary with brand size and visibility?
Do all retailers need to reconsider their marketing conduct
efforts in the same way? Do soda tax introductions affect more
expensive UPCs in the same fashion as cheaper UPCs (i.e., for
which the relative price increase is more substantial)?*!

We investigate five localities that differ in their tax amount
(ranging from 1¢/oz. to 2¢/oz.) and characteristics (e.g.,
Philadelphia has more than 1.5 million inhabitants, Boulder has
around 100,000), but all of them are cities located in the United
States. Many other countries have introduced soda taxes (e.g.,
Mexico, France, Saudi Arabia), so it is incumbent on researchers
to determine to what extent cultural differences affect the out-
comes of a soda tax introduction.

Our empirical approach is built on a DID framework within
the wider paradigm of descriptive causal models. We also
assesses robustness using SynthDID (Arkhangelsky et al.
2021). However, we do treat retailer and brand manager as a
unitary actor and consumers as nonstrategic. As we mention
earlier, equilibrium models could relax these assumptions,
and provide avenues for further exploration.

21 To garner preliminary insights into these questions, we extend our model by
assessing heterogeneity in the focal effects (B; — p4 in Equation 2) according to
brands’ market share, the retailer’s assortment size, and the UPC’s regular price.
We include interaction effects of these three variables, standardized to a mean of
0 and standard deviation of 1 (to ease comparability), with the
TREATPOSTMKTG (along with all constituent effects) variable. The focal
parameters are unaffected in sign and magnitude at the mean (f; = .149, p <
.05; B =.021, p <.01; B3 = —.191, p <.001; and P4 = —.087, p < .001) but
show some heterogeneity: the regular price effect is more pronounced for
larger brands (B prand share= -301, p < .001) and larger retailers (B retailer size
=.292, p <.001). For small brands and retailers, at —1 SD, the regular price
effect is flipped. Promotion frequency’s effect also continues to be positive
and is stronger for larger brands (B brand share = -032, p < .001) and cheaper
UPCs (B2,upc price = —-044, p < .001) such that promotion frequency’s effect
is a null effect at —1 SD. Promotion depth’s effect stays negative and moves
closer to zero for smaller brands (B3 brand share= —-233, p <.001) and turns pos-
itive for more expensive UPCs (B3 upc price = -315, p < .001). Finally, feature
advertising’s change remains negative but less so for larger retailers (B4 retaiter
size =071, p <.001), brands (B4 brand share = -027, p <.10), and more expensive
products (B4 upc price = -016, p < .10).
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Table 7. Overview of Findings and Implications of Soda Tax Introductions.

Findings

Implication

Overall

Promotional marketing conduct plays a substantial role in the
introduction of soda taxes. They are used less often and less
intensively, resulting in about one-fifth of the total sales

Soda taxes are more than just (regular) price changes; the
promotional conduct plays a crucial role in their overall
effectiveness.

effect. Yet, their effectiveness does not always decrease.

Conduct Effectiveness

Increases but
pass-through is less

Regular price

than 100% changes)
Promotion Decreases Increases
frequency
Promotion Decreases Decreases
depth
Feature Decreases Decreases
frequency

Increases (consumers less
responsive to regular price

Consumers’ lower price sensitivity offers an opportunity for
smaller price increases and makes price reductions less
effective.

Consumers react more to promotions, possibly to counteract
the tax’s steep increase. Yet, fewer are offered. Reversing this
course of action may provide an opportunity to increase
sales.

Consumers become less sensitive to the depth of a promotion,
and promotions are indeed adjusted accordingly by being
shallower.

Retailers are justified in their reduction of feature advertisings,
as its effectiveness diminishes due to the soda tax.

Unlike other categories, the soda category is characterized by a
limited presence of private labels. As the pass-through of any
(soda) tax can be contingent on the manufacturer’s power relation-
ship with the retailer, one might expect differential results for
private labels relative to national brands. In our sample, private
labels have a limited market share of <1%, limiting their influence
on our results. We leave it for future research to extend this anal-
ysis to other categories with a higher prevalence of private labels.

Finally, we acknowledge that marketing conduct can be rigid
across markets (DellaVigna and Gentzkow 2019; Hitsch,
Hortagsu, and Lin 2021). If the marketing conduct in our setting
has been set for a treated market and another market simultaneously,
the estimated parameters of the soda tax’s effect on marketing
conduct may be conservative. This may particularly be the case
for feature changes (which may be set over larger areas) when
using indirect neighbors rather than geographically distant control
markets with similar observables. In our data, using the same
approach as DellaVigna and Gentzkow (2019), we observe sufficient
local adjustments to marketing conduct to expect treated markets to
be able to adjust their marketing conduct without having to take unaf-
fected markets into account. We thus hope our study proves useful in
managing the consequences of soda tax introductions and stimulates
further research in the increasingly important intersection of market-
ing and public policy.

Appendix: Control Markets Selection and
Characteristics

To select controls markets, we conduct distance-based match-
ing (Guo and Fraser 2015, p. 177) and pair treated three-digit
zip codes with other nonneighboring and nontaxed three-digit
zip codes in the United States, based on sociodemographic
characteristics, health orientation, and political orientation.
We use population size, median household income, median
home value, number of housing units, land area in square

miles, the share of democratic voters, fast-food outlets per
1,000 capita, gyms per 1,000 capita, and the number soda man-
ufacturers per 1,000 capita to calculate the Euclidean distance
among markets. In Table A1, we present, for each characteris-
tic, the average value across three sets of markets: treated,
potential control, and matched control. Treated markets differ
substantially from potential control markets before matching,
but this difference diminishes drastically and becomes statisti-
cally nonsignificant after matching.

Acknowledgments

The authors acknowledge the Kilts Center for Marketing at the
University of Chicago Booth School of Business for providing
access to the Nielsen RMS data. Researchers’ own analyses were cal-
culated (or derived) based in part on data from Nielsen Consumer LLC
and marketing databases provided through the NielsenlQ Datasets at
the Kilts Center for Marketing Data Center at The University of
Chicago Booth School of Business. The conclusions drawn from the
NielsenlQ data are those of the researchers and do not reflect the
views of NielsenlQ. NielsenlIQ is not responsible for, had no role in,
and was not involved in analyzing and preparing the results reported
herein. The authors thank Els Gijsbrechts, Shyam Gopinath, Adithya
Pattabhiramaiah, Kapil Tuli, and Venkatesh Shankar for helpful com-
ments on a previous version of the article.

Coeditor
Sachin Gupta

Associate Editor
Vrinda Kadiyali

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



408

Journal of Marketing Research 61(3)

Table Al. Average Value of Sociodemographic Characteristics for Treated Markets, Potential Control Markets, and Matched Control Markets.

t-Test Difference

Treated Potential Control Matched Control Reduction in Treated to Matched
Variable Markets Markets Markets Difference in % Control Markets
Population 743,088 339,423 658,677 -79.09 =33 p=.75
Median home value (in USD) 453,364 180,518 377,994 -72.38 =73 p=.50
Median household income (in USD) 59,445 52,384 58,749 —-90.14 —11 p=.92
# of housing units 338,779 144,689 281,170 -70.32 -.51 p=.63
Land area (in sq. miles) ) 2,937 109 -99.77 -.22 p=.83
Share of Democratic voters 78% 42% 75% —91.63 —-.94 p=.39
Fast-food outlets p.c. .135 .206 .149 —80.15 .53 p=.62
Gyms p.c. 293 .150 215 —45.63 -1.39 p=.23
Soda manufacturers p.c. 010 013 .009 —62.71 -4l p=.70
Average —78.64

Notes: p.c. = per capita. Values represent averages across markets. Reduction in difference is calculated as (treated market — matched control market)/(treated
market — potential control markets) — |. All data come from the U.S. census, except the share of Democratic voters, which comes from the MIT Election Lab and is

based on the 2016 presidential election data.
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