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Abstract
This paper evaluates the effectiveness of restrictions on
sugar-sweetened beverages (SSBs) in schools as a policy
approach aimed at reversing the upward trend in obesity among adolescents. Specifically, we test if the
implementation of SB 965 in California high schools
led to detectable compensation effects outside of school
by estimating changes in soda purchases observed in
store-level scanner data. Our unique data and identification strategy address data limitations of previously
published studies, and our reported results strengthen
the notion that preferences for unhealthy foods will
persist even after their availability is restricted in select
environments.
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Obesity is the second most common cause of preventable, premature death in the US and generates significant individual and social costs (Biro & Wien, 2010). Health-care-related costs
alone amount to more than $200 billion or over 20% of annual health expenditures (Alston &
Okrent, 2017; Cawley & Meyerhoefer, 2012; MacEwan et al., 2014; Ruhm, 2007) and
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absenteeism costs to employers add an additional $5 billion annually (Cawley et al., 2007). Of
particular concern is the fact that health issues such as type 2 diabetes, cardiovascular diseases,
and asthma are increasingly occurring at younger ages (American Heart Association, 2013). In
addition, poor academic achievement and emotional hardship endured among overweight and
obese children and adolescents reduce children's overall well-being and future earnings potential (Park et al., 2012). Although identified as an issue of significant public policy concern in the
late 1990s, the debate over what role food policies have played in exacerbating this epidemic
and what part targeted regulations have and can play in reducing its burden is an ongoing
debate (e.g., Alston & Okrent, 2017; Brownell & Roberto, 2015). While it looked like obesity
rates among children and adolescents started to plateau (e.g., Flegal et al., 2016), newer
waves of data again show an upward trend for all definitions of overweight and obesity
among children 2–19 years old, with the most prominent increase among adolescents
(Skinner et al., 2018).
It is generally assumed that the widespread availability of unhealthy foods aids the development of unhealthy eating patterns. A variety of policies therefore restrict access or try to
increase the costs of consumption. This paper focuses on analyzing one such policy targeting
sugar-sweetened beverages (SSBs) consumption among adolescents. SSBs have been singled out
as a major contributor to obesity among all populations, (e.g., Vartanian et al., 2007), and reducing their consumption has been identified as a key strategy to address childhood overweight
and obesity by the World Health Organization (World Health Organization, 2014).1 In the US,
the consumption of SSBs among adolescents accounts for 10% of their total energy intake (Kit
et al., 2013), directly contrasting a key recommendation in the 2015–2020 Dietary Guidelines
that less than 10% of overall caloric intake should come from added sugars (U.S. Department of
Health and Human Services, 2015).
Policy makers have tried to limit access to SSBs in schools for more than a decade. Schooldistrict policies that restrict SSBs became most prominent when schools that received funding
through federal school meal programs were required to draft school wellness policies that
address nutrition and physical activity around 2006. California was the first state to pass statelevel regulations as early as 2004, banning all SSBs in elementary and middle schools, and later
restricting access to SSBs in high schools. Additional state-level regulations and revised federally mandated nutrition standards followed, yet the availability of SSBs in schools, especially
high schools, continues to vary (Samuels et al., 2009; Taber et al., 2015). Rather than focusing
on the complexities of these regulations and questions around adherence, we analyze the effects
of restricting access to SSBs in California high schools on out-of-school soda purchases, adding
a market-based policy evaluation that accounts for possible interactions between demand and
supply responses to the existing literature. Specifically, we tests for the robustness of possible
compensation effects reported by Lichtman-Sadot (2016) when using unique data and a novel identification strategy. All policies currently implemented are limited in scope and almost certainly
resulted in strategic firm behavior in a market characterized by dramatically increased concentration in manufacturing and retail. Complex quality dimensions, product differentiation
(Sexton, 2013) and sophisticated retail management and marketing strategies (Chandon et al., 2009)
continue to make rigorous policy evaluations challenging (Weil et al., 2013). While it might be
tempting to interpret reports that soda consumption has been declining overall (e.g., SangerKatz, 2015) as an indication that these polices have been effective, SSB consumption has increased
especially among adolescents (Bleich et al., 2018; Taber et al., 2015). Carefully designed studies
already suggest that strategic firm responses have curtailed the effectiveness of nutrition labeling
policies (Mohr et al., 2012; Moorman et al., 2012; Villas-Boas Sofia et al., 2020), and that
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consumers offset reduced SSB purchases observed in taxed jurisdictions by shopping outside
of city limits (Seiler et al., 2020). Recent reductions in soda sales might therefore be less a
result of changing preferences than proof that manufactures and retailers have strategically
adjusted their advertising focus, product development, and promotional efforts away from
traditional sodas and towards sports drinks, sugar-sweetened tea and coffee beverages, and
even flavored waters.
Disentangling possible supply and demand responses remains critical when understanding
behavioral mechanisms that limit the effectiveness of policies aimed at reducing obesity. The
two papers most closely related to our analysis draw opposite conclusions regarding the effectiveness of restricting SSBs in schools. Huang and Kiesel (2012) do not detect increases in soda
purchases by households with school-age children as a result of a statewide ban of SSBs in Connecticut schools. Lichtman-Sadot (2016) confirms these findings for households with younger
children but detects sizable compensation effects in soda purchases of households with adolescents present when analyzing a richer set of district-level policies. Both papers use householdlevel scanner data that captures purchases across various retailers and geographic areas. Their
identification relies on observing household-level consumption in regulated and unregulated
areas but limits their ability to control for possible strategic responses by manufacturers and
retailers, and for possible demand fluctuations unrelated to the observed differences in policies.
These data limitations rather than the differences in the scope of their analysis might explain
differences in their drawn conclusions.
We use store-level data provided by a major national retail chain, and only use stores
operating in California in our analysis. We define treatment and control stores based on their
proximity to high schools and argue that the relative share of purchases by adolescents and
their families should be higher in stores located in closer proximity to a school. By limiting our
analysis to one retailer and stores in one pricing division, we are able to keep possible changes
in advertising exposure, discounts, and promotions implemented as a result of our analyzed policy constant across treatment and control units. We therefore eliminate possible changes in strategic firm behavior that, although unrelated to our policy, could be correlated with our
treatment assignment. Additional controls and a triple difference (DDD) rather than a
difference-in-differences (DD) estimation strategy allows us to further control for heterogeneity
in the overall retail environment in which our stores are located, for in store-specific costs difference, and for beverage demand determinants.
Our results suggest that high school students and their families compensate for the restrictions on SSBs implemented in schools by increasing their retail purchases of sodas. We consistently estimate increases in soda product sales in stores located in school neighborhoods
(within a half-mile or mile radius of a school) after California high schools had to fully comply
with SSBs restrictions. We detect increases in single-unit product sales more likely to be purchased by students on their way to and from school, but also increases in soda purchases for
multi-unit products. Increases are further more pronounced for regular as compared to diet
sodas. When accounting for overall differences in the retail environment our stores are located
in, we find that the magnitude of our compensations effects decreases with each additional
grocery and convenience store in the school neighborhood but the presence of additional fastfood restaurants increases our estimated effect. Unlike the products sold in other grocery and
convenience stores, fountain drinks might not be viewed as substitutes for our analyzed products, and the presence of these outlets might either reinforce preferences for unhealthy foods
and beverages or serve as a proxy for already established strong preferences for unhealthy
foods. Finally, disaggregating possible compensation effects by semester suggests that increases
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in soda sales did not dissipate over time, an insight previous studies could not provide due to
their data limitations.
Focusing our analysis on very specific store-level data means that we cannot quantify the
actual magnitude of compensation per student. In this regard, our analysis can be viewed as a
robustness check for the results reported in Lichtman-Sadot (2016). We verify the existence of
compensation effects and strengthen the notion that preferences for unhealthy foods and drinks
persist in adolescents after their availability is restricted in select environments. We want to be
clear, however, that we are not advocating for the removal of existing restrictions placed on the
school food environment. Rather, we are emphasizing the need for evidence-based policy making and a more systematic policy approach going forward (e.g., Brownell & Roberto, 2015). It
might be impossible to restrict access to all sources of unhealthy foods, sugar-sweetened drinks,
or even just sodas. The existing restrictions are further vulnerable to lobbying by special interest
groups and changes in the political climate, a point illustrated by recent reversals of standards
developed as part of the Healthy, Hunger-Free Kids Act of 2010 and repealed local soda taxes
(e.g., in Cook County, Illinois). We hope to contribute to a better understanding of how preferences for unhealthy foods are formed and can be altered to be able to develop comprehensive
policies that effectively reduce obesity rates and its long-term effects on vulnerable populations.
The remainder of the paper is structured as follows: Section 2 discusses current regulatory
approaches targeting the school food environment and reviews the existing literature focusing
on regulations in the school food environment. Our identification strategy, data, and empirical
specifications are described in Section 3. Section 4 presents and discusses our results. We
conclude in Section 5.

PROM OTING H EALTHIER CHOICES I N THE SCHOOL FOOD
ENVIRONMENT
Overweight and obesity are likely a result of a combination of genetic predisposition, socioeconomic background, and powerful external influences. Marketing messages promoting nutrientpoor, calorie-dense products that constantly surround children and adolescents, often in the
form of product placements and branded entertainment in movies, videos, and games (Harris
et al., 2009), coupled with the widespread availability of these products, are almost certainly
one of these powerful external influencers. Close to 90% of food and beverage advertisements
viewed by adolescents 12 to 17 years old on TV were for products that are high in fat, sugar, or
sodium and 49.1% of total calories among these products advertised came from added sugars
(Powell et al., 2007), a trend that continues on social media and in influencer posts.
The school environment offers unique opportunities to counterbalance not only socioeconomic differences, but also these messages. It can promote healthier food and beverage choices
(Institute of Medicine, 2012). Schools have experimented with low-cost adjustments to school
cafeterias (e.g., Just & Wansink, 2009), prepared school meals with minimally processed ingredients on site (e.g., Woodward-Lopez et al., 2014), and even used monetary incentives to nudge
students towards healthier choices (e.g., Just & Price, 2013). Participation in Farm to School
Programs has also steadily increased and these programs are now present in 42% of school districts nationwide (U.S. Department of Agriculture, 2016).2 Restrictions supported by federal and
local policies placed on the school food environment continue to dominate the school food environment and policy discussions, however. Reimbursable meals are regulated by stringent nutrition standards under the National School Lunch and Breakfast Program (NSLP and SBP).
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Competitive foods (items that can be purchased from à la carte cafeteria sales, vending
machines, or school stores) must now also meet the “Smart Snacks in School” or” All Foods
Sold in School” nutrition standards.3 Even before these standards effectively banned sodas and
restricted access to all SSBs from schools nationwide, district, city, and state-level regulations
had already limited their availability. California was the first state to pass such state-level regulations. SB 965 banned SSBs from elementary and middle schools during regular school hours
in 2004. In 2006, these beverage restrictions were modified to apply to high schools. 50% of beverages sold had to meet specifications that banned some but not all SSBs by July 2007, and
100% of all beverages sold had to be in compliance by July 2009.4 One reason why we might see
complex standards that restrict availability of some but not all SSBs is that a significant number
of school districts (more than 240 school districts in 2002 in the U.S.) had already entered into
exclusive contracts with manufacturers to receive upfront payments and annual premiums
when meeting sales quotas. For some California districts, these payments amounted to more
than $1 million used to fund many of their extracurricular activities (Kolb & Medlin, 2004). The
new political climate after the 2016 elections added new complexities. Under the Trump administration, advocacy by special interests groups likely resulted in a reversal of nutrition standards
introduced during the previous administration; a third round of revisions was introduced in
January 2020 just before the COVID-19 pandemic hit. While these revisions have not yet
affected the restrictions on SSBs, they reduced the required amount of fruit included in breakfasts, offered flavored, low-fat milk to children participating in school meal programs once
more, reduced whole grain requirements, and gave schools more time to comply with reduced
sodium levels in meals.
These complex and continuously changing interventions and restrictions placed on the
school food environment make a rigorous evaluation of the effectiveness of each approach challenging. What all of these efforts have in common, however, is that they ultimately target children's and adolescents overall food and beverage consumption, and not just choices made at
school. Existing research does suggest that easy access results in increased consumption
(e.g., Geier et al., 2006; Rolls et al., 2006; Wansink, 2004), and removal of unhealthy options
from the school environment could reduce overall consumption. Evidence of adverse behavioral
responses, especially in adolescents (e.g., Fisher & Birch, 1999; Francis & Birch, 2005) highlights
potential limitations of these approaches as students might simply compensate for the limited
availability by purchasing unhealthy foods and beverages outside of school. The effectiveness of
these approaches is ultimately an empirical question. However, existing studies focus primarily
on consumption at school, rely mainly on survey responses and often are conducted using data
for elementary schools only (Blum et al., 2005; Fernandes, 2008; James et al., 2004). Restrictions
in elementary schools might be less binding, as these schools have fewer vending machines and
students make less purchasing decisions on their own in general. For high schools, these regulations likely changed the school food environment more drastically, and adolescents make more
autonomous food choices influenced by their peers outside of school. Briefel et al. (2009) argue
that school regulations could greatly reduce the amount of calories that high school students
consume, but find that food consumed at home and away from home greatly contributes to the
level of adolescents calorie consumption. While Schwartz et al. (2009) find that removing lownutrition foods decreased students' consumption at school, and detect no compensation at
home when analyzing survey responses, Blum et al. (2008) find very limited effects on overall
consumption of SSBs as a result of restrictions on beverage choice for high school students.
Miller et al. (2016) analyze a number of district-level policies that decrease exposure to SSBs
(e.g., required and recommended restrictions of beverage sales, but also nutrition education,
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closed campus policies, offerings of healthy alternatives, and restrictions of promotional products) to demonstrate that these policies lower the odds of daily regular consumption of soda
among adolescents. However, they find that individual behaviors (such as screen time) may
have stronger effects on soda consumption than district-level polices. In a study that relies on
survey responses and purchase recalls, Fletcher et al. (2010) jointly analyze the likely effectiveness of soft drink taxes and vending machine restrictions in schools. While they detect reductions in soft drink consumption based on purchases made at schools, their derived total
amounts of soft drink consumption for students who have access at school and those with limited access are remarkably similar. They conclude that neither restricting access in vending
machines at schools nor implemented taxes on soft drinks were effective in reducing overall
consumption and children's weight. It is also worth pointing out that studies have not yet found
that participation in the NSLP and SBP has resulted in healthier eating habits (e.g., Anderson
et al., 2017; Gleason, 2009).
The two papers most closely related to our analysis and approach are not in agreement
regarding the effect of restrictions on SSBs on overall consumption either. Huang and
Kiesel (2012) do not find evidence of compensation effects in out-of-school household soda purchases when school-age children are present. They use Nielsen Homescan data for one Demographic Marketing Area (DMA) in Hartford, Connecticut and four control DMAs that did not
have state, city, or school district-level soda bans in place according to their knowledge, and
control for differences in overall advertising expenditures across these DMAs. Additional crosssectional variation by households with and without school-age children (ages six to 18), and the
timing of the statewide soda ban in Connecticut schools allows them to estimate DD and DDD
specifications. Using the same type of data but a larger sample of district-level policies,
Lichtman-Sadot (2016) does not detect compensation for households with elementary and middle school-age children either but detects sizable compensation effects for households with adolescents. She argues that these households increase consumption by about 3.4 cans per month
for each treated high school household member on average. Relying on an analysis conducted
by the American Beverage Association (ABA), she further infers that prior to restrictions on
sodas, high school students consumed 4.5 to 5.07 cans of non-diet carbonated beverages at
school in a given month on average. That would mean that students compensated for up to 75%
of their previous consumption at school with purchases of soda in supermarkets and general
merchandisers, an astonishingly large compensation given that she analyzes retail purchases
using Homescan data. Supermarket sales only account for 48% of revenues for the $47.2 billion
soft drink manufacturing industry in the U.S. (ChangeLab Solutions, 2012), and not all purchases might be reported by household members, especially adolescents in the Homescan data.

CALIFORNIA'S SB 965, GROC ERY STORE PURCHASES, AND
DIFFERENCES IN THE P ROXIMITY TO A H IGH SCHOOL AS
A QUASINATU RAL EX PERI MEN T
The identification strategy pursued in both Huang and Kiesel (2012) and Lichtman-Sadot (2016)
critically depends on the use of household-level scanner data (e.g., Nielsen Homescan) and geographic variations in policies. The existing literature points to important shortcomings of this
type of data when trying to disentangle supply and demand responses to better understand
behavioral mechanisms, however. Discrepancies in price variables between household-level
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and store-level data have been documented (Einav et al., 2010). Store-specific cost considerations and demand fluctuations cannot be accounted for (Berck et al., 2018), and systematic
underreporting (Zhen et al., 2009) as well as sample selection (Lusk & Brooks, 2011) can further
weaken the identification of treatment effects in these analyses.
In this paper, we use store-level data for California stores provided by one major national
retail chain. We define treatment and control stores based on their proximity to high schools
and test for increases in soda product sales after the introduction of SB 965 in stores that are
located in school neighborhoods (as compared to stores that are not). Stores that are located
within a half-mile (mile) radius of a high school are defined as treatment units and stores that
are located more than a mile away from high schools serve as our control units.5 The justification of our definition of treatment units is twofold. 23.5% of students live within 0.5–0.1 mile of
their school, the largest percentage of households with school-age children for any distance category reported by the National Household Survey Travel Survey (NHTS). An additional 7.2%
live within a half-mile radius or less. That means that close to one third (30.7%) of households
with school-age children live within a mile of their children's schools. In contrast, only 18.1%
live within a one- to two-mile radius, 12.3% within a two- to three-mile radius, and percentages
continue to decrease as the distances increase. Furthermore, 80.9% of students bike or walk to
school if they live less than a quarter mile away from their school, and 56.1% of students that
would need to walk or bike an additional quarter mile do so as well (Federal Highway
Administration, 2019). If adolescents and their families are compensating for the limited availability of sodas in schools by increasing their purchases outside of schools, increases in soda
sales should be more pronounced in stores located within a mile (half mile) radius of a school.
Admittedly, these statistics do not differentiate between high school, middle school, and elementary school students. High school students might travel further to schools, and in general,
families might not always shop in their neighborhood. Rather than trying to identify the magnitude of compensation, we test for the presence of compensation effects, however. The validity
of our identification strategy does only rely on a relative larger share of purchases made by adolescents and their families at the treatment stores. It seems plausible that despite these possible
objections, stores located within a half-mile (mile) radius from a high school are frequented by
a larger relative share of adolescents and their families than stores located further away. Finally,
our approach is not completely novel. It is similar to the approach used in Currie et al. (2010)
that explores the effect of fast-food restaurants on obesity and weight gain by analyzing distances from schools and residences, including a 0.5-mile radius.
By focusing on data from one retailer in one geographic region affected by our analyzed policy only, we are able to keep advertising exposure and possible discounts and promotions
implemented as a result of this policy change constant across treatment and control units. This
is critically important as advertisers have shifted significant parts of their budgets from traditional media advertising to in-store marketing, and retailers continue to employ sophisticated
self-management strategies (Chandon et al., 2009). We further focus on soda sales in our analysis only, and analyze data that goes back several years (2006–2011). Sodas were uniformly
banned while regulations for other SSBs continue to be more complex. More importantly, the
more recently observed decline in soda sales seems to be at least partially offset by observed
increased purchases of sports and energy drinks, especially among adolescents (Bleich
et al., 2018; Taber et al., 2015). As these trends are likely a result of overall strategic shifts by
manufacturers and retailers, new product development and promotional efforts away from traditional sodas towards alternative categories that seem healthier,6 isolating the potential effect
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of SSBs restrictions introduced in schools in more recent purchase data and across all SSBs
might prove even more challenging.
Even when just focusing on soda sales, one still needs to control for strategic firm behavior
that could vary across defined treatment and control units that could be correlated with policy
changes. For instance, soda products are often used as loss leaders and therefore significantly
discounted to incentivize consumers to shop at a particular store. Soda demand might vary
depending on shopper demographics, weather, and local events. Being able to minimize possible unobserved supply and demand determinants that might be correlated with policy
changes, and to eliminate additional biases introduced due to reporting errors by household
members and the fact that Nielsen imputes prices across stores for some retailers (Einav
et al., 2010) is an important advantage of our estimation strategy as compared to LichtmanSadot (2016).
The validity of estimated average treatment effects (ATEs) in this framework depends on
the exogeneity of our defined treatment, or the common trend assumption prior to the treatment assignment. All of our stores analyzed are located in California and affected by the
regulation. All stores were open prior to passing SB 965, and none closed during our data
period, an indication that store location is not correlated with our treatment assignment.
One plausible threat to our identification would be an unobserved factor that is correlated
with SB 965 but only affects soda sales in our treatment stores. Discounts and promotional
efforts in response to the soda ban could differ across treatment and control stores. Recent
research has found that US mass merchandise chains charge nearly uniform prices across
stores in large geographic areas despite potential variation in consumer demographics and
market concentration, however (DellaVigna & Gentzkow, 2017). Nevertheless, to further
account for unobserved store-specific changes in beverage demand such as shopper's income
changes or store-specific cost changes that might be correlated with our treatment store
assignment and occurred at the same time as the policy implementation, we estimate our
models as a DDD specification that includes bottled water sales rather than a DD specification that focuses on soda sales only. While bottled water consumption was not directly
targeted, bottled water is considered a healthy substitute for SSBs, and advertised as such.
We therefore might expect to see a weakly positive change in the quantities of these products purchased if the restrictions successfully changed preferences away from SSBs or sodas.
As this effect would go in the opposite direction (increase) of the intended effect for SSBs
(decrease), detected relative increases in soda purchases would provide a lower bound for
potential compensation effects. While the availability of water in high schools was not
affected, reducing the choice set of drinks available could have resulted in an increase in
bottled water consumption in school, and a decrease outside of schools. If that is the case,
our DDD estimates might be overestimating the effect on soda purchases. We test for both
of these possibilities by estimating pseudo ATEs in a DD framework for bottled water purchases. We also estimate ATEs for soda in a DD specification as an additional robustness
check.
Given the significant product differentiation observed in this category, we are further conducting our analysis at the product (UPC) level; include brand-fixed effects and product attributes in our regressions; and controll for any additional price promotions applied to each
product, store, and promotional week. Finally, we control for possible differences in the overall
retail environment surrounding schools by including data on the number of alternative retail
outlets (other grocery stores, as well as convenience stores, and fast-food restaurants) surrounding high schools.7
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Data description
An institutional data sharing agreement gave us access to this unique store-level scanner data
for a major grocery retail chain operating a large number of stores (255) in California. We were
provided with weekly (defined by promotional week) store-level sales at the Universal Product
Code (UPC) for two product categories (soda and bottled water) over a period of November in
2006 to April 2011. These data include quantity sold, product prices, discounts, as well as limited product information. We also received a store dictionary that lists store addresses and
enables us to geocode stores and high schools for which we obtained addresses from the California Department of Education. In addition, we obtained business addresses for grocery stores,
convenience stores, and fast-food restaurants registered with InfoUSA in 2009 and geocoded
these to control for differences in the retail environment surrounding high schools in our
analysis. Finally, we have access to additional product-level information for a large number of
products in our data set provided by Label Insight.8
Figure 1 displays store and high school locations in our data, both for the entire state and
zooming in to the greater Bay Area. Table 1 reports store characteristics for both our treatment
and control stores. One hundred fifty-eight stores are assigned as treatment stores using a mile
radius, and 67 stores are defined as treatment stores under the alternative half-mile specification. In contrast, 97 stores in our data are located more than a mile away from a high school.9
When defining treatment stores based on a half-mile radius, we use the same control stores as
for the mile radius. For this treatment assignment, we therefore have a buffer zone between our
treatment and control stores. Average sales and prices in our treatment and control stores
reported in Table 1 are not statistically different from each other. Figure 2 further indicates that
sales in the soda and bottled water category follow similar trends over time in both types of
stores. However, in this graphical representation of average product sales we also do not detect
a clear discontinuity or diversion of trends around the 100% compliance (marked by a vertical
line). We do detect large seasonal effects in soda sales and will include time (week) fixed effects
in our regressions. Only weeks during which schools were in session (e.g., September 1 to
December 15, and January 15 to May 31) are used in our reported analysis, resulting in a total
42.5
38.0
40.0
37.8

lat

lat

37.5
35.0

37.6

32.5
−124

−120

lon

−116

−122.4 −122.2 −122.0 −121.8

lon

F I G U R E 1 Store and high school locations in the data.
Note: This Figure displays store (red rhombus) and school (blue square) locations included in our data set. The
right panel displays all stores and schools, while the left panel zooms in to display stores and schools in the Bay
area [Color figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 2 Trend in average sales by product category and treatment assignment.
Note: This Figure displays mean sales in the soda and water category for stores that do not have a high school
within a mile radius (left panel) as well as stores that do (right panel). Sales are first averaged across categories
by stores, and then by treatment assignment. The vertical line indicates the effective 100% compliance date for
SB 965 in high schools (July 1, 2009) [Color figure can be viewed at wileyonlinelibrary.com]

T A B L E 1 Descriptive store characteristics
Descriptive Statistics for Stores:
A. Treatments
One Mile Radius (1)
Half Mile Radius (2)
Treatment Stores

Control Stores

1

2

Total Store Numbers

158

67

97

Total UPC Numbers

413

412

411

Total Brand Numbers

50

50

50

Total Category Numbers

2

2

2

Quantity sold (Units)

25.729

25.132

24.461

Unit Price (Net)

3.681

3.668

3.658

B. Store characteristics

Discount (Indicator)

0.700

0.699

0.699

Discount (Value)

−1.276

−1.258

−1.248

of 161 weeks. We are less certain that our primary identification assumption applies to periods
when school is not in session. Adolescents and their families might be traveling and tourists
might frequent select stores with higher frequency than during the school year. However, we
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F I G U R E 3 Average treatment effects disaggregated by semester (mile radius).
Note: This Figure displays point estimates and confidence intervals when allowing the average treatment effect
(ATE) to vary by semester. The fall of 2006 is excluded and used as the reference point, and 100% compliance
with SB 965 was required by July 1, 2009. Regressions include normalized ln(price), an indicator for discounts,
and brand fixed effects. They also include indicators for the semesters and all interactions. Standard errors are
clustered at the store level [Color figure can be viewed at wileyonlinelibrary.com]

also conduct our analyses by including the summer month as an additional robustness check
and briefly discuss the results.
Table 2 summarizes our final data sets. We report summary statistics for our complete data
as well as a reduced data set when matching UPCs in the store level data with additional and
more detailed product information. This smaller data set includes only 414 product as compared
to the 1129 products included in the complete data, but the data provided by the retailer only
includes limited product information. It identifies the product category (soda and bottled
water), classifies whether a product is a multi-pack unit (e.g., six pack), and includes a numeric
brand identifier. We can also use the product name to identify diet and regular sodas. The additional information provided by Label Insight allows us to normalize product price to price per
12 ounces, reports the actual sugar content for that size, and therefore allows us to more precisely differentiate between regular and diet soda based on sugar content rather than product
name.10 While the restricted data excludes more than half of the products in the original data,
it excludes less than half of our observations (35%). Private labels are not included in the
restricted data because they cannot be matched in the data provided by Label Insight, and the
remaining excluded branded products might mostly belong to products that were discontinued
or not available during earlier time periods, or products with limited distribution or sales. The
exclusion of private-label sodas and less popular brands might be less of a concern as we are
testing for potential compensation effects for adolescents. Children and adolescents are a major
marketing target for the U.S. beverage industry and therefore are likely to have stronger preferences for branded products than other consumers. Nevertheless, we use both data sets in our
regressions.
Average quantity sales by UPC increase slightly in the restricted data from 23.9 to 25.3, and
average product size in the restricted data amounts to 98.44 ounces, with soda having a slightly
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T A B L E 2 Summary statistics for complete and restricted data (after matching with additional product
information)
Complete Data set
Variables

Restricted Data set

Min

Mean

Product Identifier

1

587.2

1129

Brand Identifier

1

15.3

51

Store Identifier

1

128.9

255

Week Identifier

1

82.3

161
2011

10,561,244

2006

1

10,561,244

0

12,346

10,561,244

1

10

10,382,655

Year

2006

Policy (Indicator)

0

Quantity sold
(Units)

1

Unit Price (Net)

0

2009
0.41
23.89254
3.41

Max

Obs

Min

Mean

10,561,244

1

212.7

414

6,845,233

10,561,244

1

14.2

50

6,845,233

10,561,244

1

128.8

10,561,244

1

Price (Net per
12 oz)

Max

Obs

255

6,845,233

161

6,845,233

2011

6,845,233

1

6,845,233

25.25

12,346

6,845,233

0

3.13

10

6,722,769

0

0.89

9.997

6,673,193

88.08
2009
0.471

Discount
(Indicator)

0

0.725

1

10,561,244

0

0.699

1

6,845,233

Multi-pack
(Indicator)

0

0.914

1

10,561,244

0

0.868

1

6,845,233

Soda (Indicator)

0

0.761

1

10,561,244

0

0.737

1

6,845,233

Diet (Indicator)

0

0.195

1

10,561,244

Sugar (Grams per
12 oz)

0
0

0.301
12.45

1

6,845,233

46.5

5,939,774

Schools within
half-mile
(Indicator)

0

0.269

1

10,561,244

0

0.269

1

6,845,233

Schools within
mile (Indicator)

0

0.623

1

10,561,244

0

0.623

1

6,845,233

Convenience
store within
mile (Count)

0

4.58

86

10,561,244

0

4.579

86

6,845,233

Fast food stores
within mile
(Count)

0

7.232

53

10,561,244

0

7.211

53

6,845,233

Grocery stores
within mile
(Count)

0

2.288

15

10,561,244

0

2.286

15

6,845,233

Note: The unit price reported here is the average unit price across a promotional week net all discounts applied to the product
during that week. Additional product information for a limited number of products allows calculating a normalized prices
equivalent to a price per 12 oz, the size of a can of soda. This price also uses the average net price. We include an indicator to
capture when a product was on promotion during a particular week. The soda indicator equals 1 for products classified as soda,
and zero for products classified as water. The diet indicator in the complete data is based on a specification by the supermarket
chain. The diet indicator in the restricted data is based on nutrient information (no sugar) for sodas. Drinks classified as water
are not included in this specification and would have a value of zero.
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smaller average size of 69.52 ounces. This corresponds to slightly more than a 2 L bottle which
measures 67.4 ounces. In contrast, the largest size for soda is 288 ounces or a 24 pack of
12 ounce cans. Average soda sales are slightly lower than overall average sales and amount to
23.34 units or the equivalent of 134.64 cans per week in the restricted data set. While seemingly
moderate on average, soda product sales vary significantly across products and time as already
detected in Figure 2, with the maximum sales per UPC and week amounting to the equivalent
of 6430 cans. Overall average soda category sales per store and week add up to 26,403.12
12 ounce cans.
The mean normalized price of a 12-ounce beverage is 89 cents, and 70% of all weekly product sales are for products that receive some type of discounts. Compensation effects could be
detected in purchases more likely to be made by adolescents on their way to and from school,
or during their lunch break (e.g., smaller bottles and cans versus 2 liter bottles and multi-pack
units) or in purchases of multipack units that are consumed at home or used to plan ahead for
consumption away from home. If SB 965 resulted in increased multipack purchases requested
by adolescents, it is possible that other family members increased their consumption as well
due to the increased availability of sodas at home. Multipack units make up the majority of our
data and are more common in this retail setting than single unit purchases. We expect that
compensation effects can be detected in both single and multiunit purchases and will differentiate between both in our analysis.
Nearly three-fourths (73.7%) of our sales observations fall within the soda category, and
30.1% of all purchases can be classified as diet sodas. We would expect to find lesser or no compensation effects for diet sodas as consumption of diet sodas in schools was low prior to the
bans being implemented (Lichtman-Sadot, 2016). Finally, 41% of all sales occur after the 100%
compliance date for SB 965. This is an additional unique feature of our data. Having data on
several semesters after the implementation of these restrictions in high schools allows us to test
whether potential compensation effects dissipate over time. We also create counts of how many
convenience stores, fast-food restaurants and grocery stores are located within a mile radius
around each school. On average, 4.6 convenience stores, 7.2 fast-food restaurants, and 2.3
grocery stores are located within the school neighborhoods our stores are located in.

Empirical specifications
We begin our empirical analysis by estimating the effect of SB 965 implemented in high schools
within a DDD framework. We estimate a single average treatment effect (ATE) as well as an
ATE separately for each semester in our data using the following equation:
X9
 


βq TreatQuarter qt  TreatStorej  TreatSodai
ln Sijt = α +
q=1 1
X9

q
q
β
TreatQuarter

TreatStore
+
j
t
2
q=1
X9
βq ðTreatQuarter qt  TreatSodai Þ
+
q=1 3


+ β4 TreatStorej  TreatSodai + β5 TreatStorej + β6 TreatSodai
+ γXijt + λi + μt + ϵijt

ð1Þ
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The dependent variable, ln(Sijt), is the (logarithm of) quantity of a specific product i sold in
the soda or water category in store j and week t during the period of November 2006 through
April 2011. We either estimate one or nine primary coefficients of interest (βq1 ) specified by the
interaction of indicator variables for each of the semesters during which school is in session in
our data, stores that are within close proximity to school, and products within the soda category. Using the fall of 2006 as our reference point not included in the regression when estimating nine coefficients, the post-treatment quarter coefficients (Fall 2009 and later) assess
whether possible compensation effects vary over time, while pre-treatment coefficient estimates
detect any trends as a result of the ban becoming effective for elementary and middle schools in
the fall of 2006. As already noted, we estimate these regressions at the product (UPC) level
rather than the category level to be able to include product specific attributes denoted by the
vector Xijt. Most importantly, we are able to include the (logarithm of) the net price paid for
each product, week and store as well as an indicator of whether the product was subject to any
discounts. Finally, we also include brand fixed effects to capture general brand preferences and
week-year fixed effects to control for seasonality and general time trends in beverage purchases
common to all products and stores over time.11 As pointed out earlier, products in the soda category are heavily advertised and promoted. We believe one of the strength of our analysis at the
product level is to adequately account for actual product prices and brand preferences as possible demand shifters. Conducting our regressions at the product level allows us to further test
for heterogeneous treatment effects by types of products. We distinguish between single units
versus multi-packs and diet versus regular sodas in specifications of (1) that estimate one average treatment effect for the entire time period post implementation of the ban in high schools.
To address the fact that we are only using purchases made in one retail chain, we also test
for differences in the intensity of average treatment effects observed. We control for variations
in the school retail environments by estimating the following specification:
 


P
ln Sijt = α + 3r = 0 β1r RetailEnvrj  TreatPeriodt  TreatStorej  TreatSodai


P3
+ r = 0 β2r RetailEnvrj  Treatperiodt  TreatStorej
P
+ 3r = 0 β3r RetailEnvrj  ðTreatPeriodt  TreatSodai Þ


P
+ 3r = 0 β4r RetailEnvrj  TreatStorej  TreatSodai
P3
P
+ r = 0 β5r RetailEnvrj  TreatStorej + 3r = 0 β6r Retailcount rj  TreatSodai Þ
+ γXijt + λi + μt + ϵijt

ð2Þ

Four coefficients (denoted by βr1 ) allow us to evaluate how average treatment effects
observed in our defined treatment stores change for each additional grocery store, convenience
store, and fast-food restaurant located in the neighborhood of the school. Starting with the first
coefficient β01 that corresponds to a triple interaction that does not include one of the retail environment count variables, the second coefficient β11 measures the change in the ATE due to each
additional grocery store. Similarly, β21 measures the marginal effect of each additional convenience store, and β31 of each additional fast-food restaurant. Including these alternative retail
counts at all levels of interaction allows both soda and water sales to differ across each store
based on the retail environment they are located in even before SB 965 went into effect.
We are aware of the potential endogeneity introduced when including product prices in our
demand analysis, but believe that our decision in this regard is supported by recent research
that argues mass merchandise chains like ours charge nearly uniform prices across stores in
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large geographic areas despite potential variation in consumer demographics and market concentration (DellaVigna & Gentzkow, 2017). However, we also run all of our specifications
excluding price variables as an additional robustness check. We further acknowledge that our
decision to conduct our analysis at the product or UPC level can potentially upward bias our
estimates of compensation effects. A regression specification at the UPC level implicitly
assumes the same weight for every single product at the UPC level. Some products are selling at
smaller quantities, and very small changes in their sales can result in large percentage changes.
As these products get the same weight as products that sell at larger quantities, they can upward
bias our point estimates. We address this concern in a final specification that estimates regressions separately for each soda product in the data. We briefly discuss the magnitude of our estimated effects based on these regressions. As a reminder, we put less emphasis on the
magnitude of the compensation effects detected here and draw no conclusions regarding
whether adolescents partially or fully compensated for the limited availability of sodas in
schools. Rather we are testing if compensation effects previously detected and discussed in the
literature persist once we control for strategic firm response and possible differences in the
retail environment overall.

O B S E R V E D I N C R E A S E D SO D A S A L E S A S P O S S I B L E
CO MP EN SA TI O N EF FECTS
Table 3 reports the results for Equation (1) when defining treatment stores as stores that have
a high school within a mile radius of the store and defining all weeks past the 100% compliance date as the treatment period. Soda product sales increase significantly by 2.4 to 2.7% on
average in stores within a mile radius of a high school as compared to product sales in the
bottled water category, and sales in stores that do not have a high school close by when using
the complete data set. It is also worth pointing out that while product sales are not very
responsive to price changes in general, the presence of discounts or promotions significantly
increases product sales (by up to 84.1%). The presence of discounts rather than actual price
differences might motivate and capture consumers attention and hence result in increased
sales (Loewenstein et al., 2014). These seemingly contradictory effects are also likely an indication of the limited influence of relative prices or the fact that consumers are less price sensitive across brands once they developed a strong preference for a specific brand. Sodas as
well as bottled waters can be easily stored and therefore consumers might stockpile their
favorite brands when they notice that they are on sale. Table 4 reports slightly increased
potential compensation effects of 2.7 to 3.1% when we use a half-mile radius to define treatment stores.
We summarize the results of our regressions that disaggregate ATEs by school semesters in
Figure 3 and Figure 4. Using the first semester in our data (fall 2006) as the base case or reference point, we graph the semester average treatment effects, and confidence intervals resulting
from estimating the model specified in (1). Both graphs indicate that compared to the fall of
2006, soda sales increased more than water sales in our treatment stores after the 100% compliance requirement (post-July 2009). This observed relative increases in soda sales is statistically
significant for the last two semesters of our data (fall 2010 and spring 2011). In the specifications for a half-mile radius, we also observe a potential compensation effect during the fall of
2007, the first semester after the 50% compliance requirement. However, this potential compensation effect is not significant during the following semesters. It might be a result of differences
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T A B L E 3 Triple difference average treatment effects (mile radius) in complete data
(1)

ln(Price)

(2)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

−0.214

−0.268

−0.277***

(0.010)

(0.009)

***

0.000
(0.050)

Soda Category Indicator

Policy Indicator

Soda*Policy

Policy*Store

Soda*Store

Average Treatment Effect

***

(0.009)

***

Discount Indicator

Treatment Store Indicator

(3)

0.841

0.824***

(0.011)

(0.011)

0.004

0.004

(0.049)

−0.653

−0.785

(0.031)

(0.030)

***

−0.043

0.014

(0.011)

(0.011)

***

(0.050)
***

−0.783***
(0.030)

−0.047

−0.226***

−0.224***

(0.010)

(0.010)

(0.010)

−0.021

−0.021

−0.022

(0.014)

(0.014)

(0.014)

0.055

0.050

0.051

(0.038)

(0.037)

(0.037)

***

0.027

**

(0.013)

*

0.024

0.024*

(0.013)

(0.013)

Num of Obs.

10,360,511

10,360,511

10,360,511

R squared

0.116

0.194

0.223

Mean Dep. Var.

2.336

2.336

2.336

Brand FE

YES

YES

YES

Week FE

NO

NO

YES

Note: The triple difference is the average change in soda sales in treated relative to control stores, minus the change in water
sales in treated, relative to control stores. The policy indicator is not included in (3). The week fixed effects are coded for each
week in the data to capture an overall trend of soda sales in addition to seasonal effects. Clustered errors (at the store level) are
reported in parentheses.
*p < 0.10. **p < 0.05. ***p < 0.01.

in compliance and availability of sodas across schools and over time unobserved by us. Samuels
et al. (2009) report varying levels of compliance and availability of sodas after visiting 56 schools
prior to the 100% compliance date but after the 50%, for instance.
When re-estimating these regressions using the restricted data set, we are further able to
normalize product prices to a price per 12 ounce and use a more accurate measure of diet versus
regular soda based on actual sugar content. Our estimated ATE reported in Table 5 is robust in
significance and magnitude across our two treatment specifications in terms of distance radii.
Individual product demand becomes even less price elastic on average, but continues to be
highly responsive to the presence of discount and promotions. The regressions in column 3 and
4 of Table 5 report regressions that utilize our additional data capturing potential differences in
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T A B L E 4 Triple difference average treatment effects (half-mile radius) in complete data
(1)

ln(Price)

(2)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

−0.211

−0.266

−0.275***

(0.011)

(0.011)

***

Soda Category Indicator

Policy Indicator

Soda*Policy

Policy*Store

Soda*Store

***

(0.011)

***

0.834

0.816***

(0.014)

(0.014)

−0.013

−0.010

−0.010

(0.063)

(0.062)

Discount Indicator

Treatment Store Indicator

(3)

−0.649

−0.780

(0.032)

(0.030)

***

−0.044

0.013

(0.011)

(0.011)

***

(0.063)
***

−0.778***
(0.030)

−0.047

−0.224***

−0.222***

(0.010)

(0.010)

(0.010)

−0.023

−0.023

−0.024

(0.016)

(0.016)

(0.016)

***

0.079

*

(0.046)

0.075

0.076*

(0.044)

(0.045)

0.027

0.027*

(0.015)

(0.015)

(0.015)

Num of Obs.

6,686,526

6,686,526

6,686,526

R squared

0.116

0.193

0.221

Mean Dep. Var.

2.330

2.330

2.330

Brand FE

YES

YES

YES

Week FE

NO

NO

YES

Average Treatment Effect

0.031

**

*

*

Note: The triple difference is the average change in soda sales in treated relative to control stores, minus the change in water
sales in treated, relative to control stores. The policy indicator is not included in (3). The week fixed effects are coded for each
week in the data to capture an overall trend of soda sales in addition to seasonal effects. Clustered errors (at the store level) are
reported in parentheses.
*p < 0.10. **p < 0.05. ***p < 0.01.

the retail environment of high schools. Each additional grocery store located within a mile of a
high school significantly decreases our estimated ATE. The presence of an additional convenience store decreases our estimated ATE as well but the effect of an additional convenience
store is smaller in magnitude and only significant when allowing for nonlinear effects. As the
majority of our observed product purchases are multiunit purchases, it makes sense that the
effect is more pronounced for grocery stores that would carry a more comparable product
assortment. Interestingly, an additional fast-food restaurant in the vicinity of a high school significantly increases our estimated compensation effect. This significant increase in the estimated ATE might both be an indication that sodas purchased in fast-food restaurants are less of
a substitute to grocery store purchases, and that fast-food restaurants are found in
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F I G U R E 4 Average treatment effects disaggregated by semester (half-mile radius).
Note: This Figure displays point estimates and confidence intervals when allowing the average treatment effect
(ATE) to vary by semester. The fall of 2006 is excluded and used as the reference point here, and 100%
compliance with SB 965 was required by July 1, 2009. Regressions include normalized ln(price), an indicator for
discounts and brand fixed effects. The also include indicators for the semesters and all interactions. Standard
errors are clustered at the store level [Color figure can be viewed at wileyonlinelibrary.com]

neighborhoods with stronger preferences for foods with minimal nutritional value overall. Consequently, neighborhoods that have comparably stronger taste preferences for sodas prior to
soda bans would be expected to display higher potential compensation effects.12 In order to
compare our estimates to our previously reported estimates, we calculate the combined average
treatment effect (using the average numbers of grocery stores, fast food restaurants and convenience stores). It amounts to a 3.0% increase in soda sales when these retail environment considerations enter the regressions linearly (column 3) and increases to 4.3% when we allow for
nonlinear effects (column 4). While not reported here for space considerations, the results for
the half-mile treatment specifications follow the same pattern, and we conclude that our estimated compensation effects are robust to controlling for potential differences in the retail
environment.
Next we disaggregate the treatment effect by product type and differentiate between multipack and single-unit products. Single-unit products (excluding 2 liter bottles) are more likely to
be bought by adolescents on their way to and from school. Given the nature of our data, these
are a relatively small percentage of overall category sales. Only 60 of the 313 soda products in
our reduced data set are classified as a single-unit product that contains a liter or less in fluids.
Nevertheless, detecting differences in sales of single-unit products would further strengthen our
interpretation of estimated relative increases in soda sales as potential compensation effects
resulting from restrictions introduced in high schools. We further differentiate between diet
and regular sodas, as sugar-sweetened drinks are the primary focus of the implemented policy
and adolescents have stronger preferences for regular sodas. The results are reported in Table 6.
Column 1 excludes multi-pack units from our analysis and significantly reduces the number of
observations. The estimated ATE is similar in magnitude to our previous estimates but it is no
longer statistically significant when analyzing soda sales overall. Once we differentiate between
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T A B L E 5 Triple difference average treatment effects with normalized price and additional retail outlets (mile
radius)
(1)
Dep. Var.: ln(Q)
Price(normalized to
12 oz)

(4)

Dep. Var.: ln(Q)

Dep. Var. ln(Q)

Dep. Var. ln(Q)

−0.072***

−0.073***

−0.073***

(0.006)

(0.006)

(0.006)

−0.093
(0.003)

0.703

***

(0.010)
Average Treatment
Effect

(3)

***

ln(Price, normalized to
12 oz)
Discount Indicator

(2)

0.029

*

(0.015)

***

***

0.703***

0.705

0.703

(0.009)

(0.009)

(0.009)

0.028

0.032

−0.078

(0.015)

(0.028)

*

(0.055)

−0.024

0.002

(0.008)

(0.028)

***

ATE*Grocery

ATE*FastFood

0.008

ATE*Conv.

***

0.028***

(0.002)

(0.007)

−0.001

−0.012*

(0.001)

(0.006)
−0.002

ATE*Grocery (Nonlin.)

(0.002)
−0.001***

ATE*FastFood (Nonlin.)

(0.000)
0.000***

ATE*Conv.(Nonlin.)

(0.000)
Num of Obs.

6,674,641

6,660,950

6,660,950

6,660,950

R squared

0.237

0.233

0.237

0.238

Mean Dep. Var.

2.439

2.442

2.442

2.442

Brand FE

YES

YES

YES

YES

Week FE

YES

YES

YES

YES

Note: The triple difference is the average change in soda sales in treated relative to control stores, minus the change in water
sales in treated, relative to control stores. Coefficients for indicators and interactions terms related to the reported differentiated
treatment effects are not reported for space considerations. Clustered errors (at the store level) are in parentheses.
*p < 0.10. ***p < 0.01.

the effect on diet versus regular sodas, we do recover a significant compensation effect for regular sodas, and this compensation effect increases in magnitude from 3.1 to 4.1%. This increase is
consistent with adolescents purchasing single-unit products on their way to and from school, or
during lunch hours in addition to the observed increased household purchases on average.
Finally, to address the concern that we are overestimating the average treatment effect by
conducting our analysis at the UPC level, we estimate treatment effects separately for each soda
product. Of the 313 soda products included in the restricted data set, 211 products have enough
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sales recorded before and after the July 2009 deadline to be able to run these separate regressions. One hundred twenty-nine of these individual product regressions return a positive treatment effect, although only 23 of these estimated average treatment effects are statistically
significant. Only seven regressions return a statistically significant negative ATE, and with the
exception of one of those products, these products are all diet sodas. Table 7 reports significant
treatment effects only. The magnitude of these individually estimated treatment effects ranges
from 5% to 49% for positive values, and from 19% to 138% for negative values. We also include
average weekly product sales by store for each product in Table 7. Product sales vary from 3.51
to 160.38 units. On average, this translates into a statistically significant increase by 106.68
ounces per product, week, and store, or the equivalent of about nine cans per product. In comparison, our estimated average increase in soda sales by 3% when analyzing all products simultaneously translates into a slightly smaller increase of 46.44 ounces per product or 3.87 cans per
product per week. Questions about the plausible magnitude of these effects only get introduced
when deciding how to aggregate these effects to the overall soda category. We admit that an
overall 3% increase in category sales would translate to a somewhat implausible increase in
T A B L E 6 Triple difference average treatment effects excluding multi-packs, and separated by diet and
regular soda (mile radius)
(1)

ln(Price, norm. to 12 oz)

Discount Indicator

(2)

(3)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

Dep. Var. ln(Q)

−0.245

−0.073

−0.240***

(0.008)

(0.006)

***

0.619

***

(0.008)

(0.008)

***

0.706

(0.009)
−0.767

Reg. Soda

***

(0.008)
***

(0.045)
−0.838

Diet Soda

Average Treatment Effect

0.613***
−0.509***
(0.045)

***

−0.867***

(0.034)

(0.039)

0.031*

0.041*

(0.016)

(0.021)

0.025
(0.018)

Average Treatment Effect (Reg. Soda)

Average Treatment Effect (Diet Soda)

0.019

0.000

(0.015)

(0.020)

Num of Obs.

2,597,572

6,660,950

2,597,572

R squared

0.343

0.234

0.346

Mean Dep. Var

2.389

2.442

2.389

Brand FE

YES

YES

YES

Week FE

YES

YES

YES

Note: The triple difference is the average change in soda sales in treated relative to control stores, minus the change in water
sales in treated, relative to control stores. Specification (1) and (3) exclude multi-packs. Clustered errors (at the store level) are
reported in parentheses.
*p < 0.10. ***p < 0.01.
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T A B L E 7 Triple difference
individual treatment effects for soda
products (mile radius)
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ATE

p-value

Sugar content in
grams (12 oz)

0.49

0.03

25.5

5.35

0.35

0.01

37.5

5.69

0.32

0

0

3.38

0.17

0.01

25.5

6.63

0.17

0.05

33

5.45

0.12

0.05

0

8.23

0.12

0.06

0

5.27

0.12

0.08

18

13.42

0.09

0.01

35.145

20.66

0.09

0.02

34.08

7.99

0.09

0.05

0

9.58

0.09

0.09

0

8.50

0.08

0.09

0

78.53

0.07

0.05

25.5

40.10

0.07

0.06

34.5

17.40

0.07

0.08

0

15.82

0.07

0.1

31.5

15.67

0.06

0.02

25.5

67.92

0.06

0.05

0

35.77

0.06

0.07

0

23.77

Avg. Sales

0.06

0.1

38.34

0.05

0.08

27

160.58

3.51

0.05

0.1

0

13.29

−0.19

0.07

0

5.13

−0.32

0.09

0

5.73

−0.42

0.04

0

5.32

−0.47

0.06

0

7.56

−0.64

0

38.7

6.00

−0.64

0.02

0

10.22

−1.38

0

0

4.65

Note: For the 313 soda products identified in the restricted data, average
treatment effects could be estimated for 211 products that are sold with
sufficient frequency before and after July 1st, 2009. One hundred twentynine of these regressions returned a positive average treatment effect. Only
significant average treatment effects are reported here. The p-value, sugar
content in grams (per 12 oz) and average weekly sales (per store) are
included in the table as well. The coefficients highlighted in bold correspond
to single-unit products that might have been previously available in the
school environment.
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soda sales of 7920.93 additional soda cans purchased each week on average in each store. Average enrollment in California high schools is about 1311 students, and each student consumes
1.12 to 1.27 cans per week at school prior to restrictions on average (Lichtman-Sadot, 2016).13
When we use the results from the individual regressions, and add up significant average product sales instead, we arrive at a smaller increase in overall category sales of 207 cans on average.
Assuming this increase is a result of an increase in consumption by adolescents only, it
amounts to an average increase by .15 cans per student per week or a more reasonable compensation of 14% of their previous consumption at school. We do find that the majority of the individually significant treatment effects do not belong to single serve products, however, and
cannot distinguish between increased household consumption and consumption by adolescents
only in our data. 14% should therefore be treated as an upper bound rather than the average
compensation effect per high school student in our data. Finally, we do want to highlight that
the regular sodas for which we detect a positive and significant treatment effect are relatively
high in sugar. They range from 25.5 to 38.34 g and indicate that an additional can of soda consumed increased added sugar consumption by up to nine teaspoons of sugar.

Additional robustness checks
We re-estimated all specifications described here for stores within a quarter mile of a high
school. While we produce similar results in terms of the patterns and magnitude of the effects
described here, the statistical significance varies due to the fact that only eight of our stores
were located within a quarter radius of a school. The regression results discussed include price
as an additional control. We have argued that our focus on isolating the behavioral response to
restrictions introduced in schools from strategic firm responses in combination with previous
studies that find that retailers do not vary promotions within geographic pricing divisions
(DellaVigna & Gentzkow, 2017) make these our preferred specifications. We exclude the price
and the discount indicator, and reproduce the results reported in Table 3 in Table A1 in the
Appendix. The average treatment effect amounts to a 2.8% increase in soda sales in these
specifications, and falls within the range of effects we discussed in more detail above.
Our analysis further only includes the weeks during which school was in session. We also
ran specifications that include the summer month as additional semesters and observe no significant increases in sales during the summer months throughout the entire time period analyzed. We summarize the regression results when defining stores within a mile radius as
treatment stores in Figure 5 in the Appendix as well.
We argued that a DDD specification that included sales of bottled water as an additional difference strengthens our identification of average treatment effects. As bottled water sales could
have been affected by the policy indirectly, we estimate DD specifications that use bottled water
sales only to test for pseudo average treatment effects. We do not detect consistently significant
effects in these regressions reported in Table A2. It is worth pointing out that even fewer bottled
water products can be characterized as single-unit products than in the soda category,
preventing us from running regressions that disaggregate this effect to a level where we can specifically test for products more likely to be purchased on the way to and from school by adolescents. Finally, as an additional robustness check for our DDD results discussed above, we run
DD specifications that only analyze soda purchases. The magnitude of our estimated compensation is effects is slightly smaller, and when analyzing all soda products, not all regressions produce statistically significant results as documented in Table A3. When we restrict our analysis
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F I G U R E 5 Average treatment effects disaggregated by semester including summer (mile radius).
Note: This figure displays point estimates and confidence intervals when allowing the average treatment effect
(ATE) to vary by semester and the summer period. The fall of 2006 is excluded and used as the reference point
here, and 100% compliance with SB 965 was required by July 1, 2009. Regressions include normalized ln(price), an
indicator for discounts and brand fixed effects. The also include indicators for the semesters and all interactions.
Standard errors are clustered at the store level [Color figure can be viewed at wileyonlinelibrary.com]

to soda products more likely to be purchased by adolescents on their way to and from school,
we detect consistently statistically significant increases in soda sales once more as documented
in Table A4 in the Appendix.
To summarize our results, we want to highlight our primary contribution. Our analysis
accounts for possible confounding factors and tests for possible compensation effects rather
than focusing on the magnitude of these effects. Throughout our analysis, we are detecting
increases in soda sales that can consistently be interpreted as possible compensation effects as a
result of restrictions on SSBs introduced in California high schools.

I M P L I C A T IO N S FO R F U TU R E P O L I C Y A P P R O A C H E S
In this paper we analyze the effects of SSBs restrictions implemented in California high schools
under SB 965 on grocery store purchases of soda. Using a novel identification strategy and
unique data, we detect increases in soda purchases in stores located near a high school and
interpret these as compensation effects resulting from restrictions implemented in schools. Our
results strengthen the findings previously published by Lichtman-Sadot (2016) and suggest that
preferences for unhealthy foods and drinks persist even after availability is restricted in the
school environment. Similar to Huang and Kiesel (2012), we focus on the implementation of a
statewide soda ban, but specifically isolate and test for potential compensation effects for adolescents. Most importantly, our unique store-level scanner data and definition of treatment and
control units within the same geographic area allows us to address data limitations of both of
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these closely related papers. Using store-level rather than household-level data and defining our
treatment units as stores located within a mile (half-mile) radius of a high school, we estimate
differences in weekly soda product sales in a triple difference framework. In our analysis, we
are able to hold marketing exposure constant across treatment and control units, control for
any additional potential promotional efforts introduced at point of sale, and account for possible
differences in the retail environment.
Of course, compensation effects were likely not limited to the one retail outlets analyzed
here. When controlling for additional grocery stores, convenience stores and fast-food restaurants located in school neighborhoods our stores are located in, we find that additional grocery
or convenience stores decrease our estimated compensation effect slightly. Additional fast-food
restaurants increase our measured compensation effects, however, and could be viewed as an
indication that higher concentrations of fast-food restaurants are found in neighborhoods with
stronger preferences for foods with minimal nutritional value (including sodas) overall, or that
additional fast-food restaurants result in stronger preferences and hence compensation effects.
Our estimated compensation effects are further more pronounced in regular than in diet sodas,
and individual product regressions suggest that sodas for which we detect compensation effects
are relatively high in sugar. Soda consumption might therefore be influenced by the potentially
addictive character of sugar already discussed in the literature (e.g., Avena et al., 2009). Our
analysis further suggests that compensation effects likely did not dissipate over time, an insight
previous studies could not provide. Finally, household purchases, not just individual purchases
by adolescents on the way to and from school and during lunch hours seem to have increased
as a result of these policies, and the increased availability of sodas at home might have
increased soda consumption of other household members as well.
One limitation of our analysis is that we are not able to estimate magnitude of the compensation effect and the resulting net effect on total soda consumption. Drawing on the results
reported in Lichtman-Sadot (2016), our estimated effects seem plausible in magnitude and do
suggest that the effect of policies restricting SSBs in schools on the overall soda consumption of
adolescents was limited. This conclusion likely applies to the restrictions on SSBs now in place
for high schools nationwide, although analyzing the effect of these more uniform regulations
became even more challenging. Beverage restrictions specified under SB 965 did not apply to all
sports and energy drinks, and some of these beverages were still available in high schools.
While the Institute of Medicine recommended that all SSBs be banned in schools, no comprehensive national-level policy that does so is currently in place.
Ultimately, these policies target consumption of all SSBs or added sugars in general and not
just explicitly banned types of beverages. Total sugar intake depends on complex substitution
patterns and complementary relationships with other beverages and foods as well. More recent
studies have begun to analyze potential substitution effects. While the notion that adolescents
are replacing sodas with other SSBs is discussed (e.g., Bleich et al., 2018; Taber et al., 2015), it is
rarely studied in detail. The complexity of supply responses over the last decade makes it even
harder to isolate behavioral responses to policies in more recent data. What seems true, however, is that the observed downward trend in soda consumption did not result in a decrease in
caloric intake from added sugars or decreased obesity rates.
Easy access to foods of minimal nutritional value in schools likely contributed to increased
obesity rates among students. Yet, trying to promote healthier food and beverage choices might
be more complicated than removing unhealthy choices from the school environment. Family
background and eating patterns developed at home might play an important role in developing
preferences for unhealthy foods (Anderson & Butcher, 2006), and adolescents might be more
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responsive to advertising and overall promotional efforts by manufacturers and retailers with
significant market power. Neighborhood and community settings (Laska et al., 2010) as well as
individual media use (Andreyeva et al., 2011; Miller et al., 2016) further likely play an important role in developing unhealthy eating habits. Our findings support the conclusion that
restrictions on SSBs in schools and similarly selective restrictive policies might not sufficiently
alter food and beverage preferences among adolescents. Rather than interpreting our results as
a call to reverse these restrictions effectively in place nationwide since 2014, we want to highlight the need for more evidence-based policy making. A better understanding of how preferences are formed and might be changed can ultimately lead to the development of policies that
combine incentives with information provision. Such comprehensive policy approaches will
likely have a bigger overall impact on obesity prevention than restrictive policies alone
(Alston & Okrent, 2017). We would further urge policy makers to consider market conditions
and take potential strategic firm responses into consideration when contemplating new regulations and its potential effects. Few studies have been able to analyze how a multitude of policies
can reinforce each other, or how strategic firm responses will continue to mitigate the effectiveness of these policies overall. Granted, a rigorous evaluation of policy interventions already
implemented might not be able to keep pace with the often urgent calls for action in the political landscape based on two- and four-year voting cycles. The obesity pandemic has been an
issue of significant public policy concern since the beginning of the 1990s, however, and significant policy effects have yet to be detected. Overweight and obese populations are not only more
at risk during this current pandemic, the pandemic will likely further increase the prevalence of
obesity and overweight, especially among already vulnerable populations (Abbas et al., 2020). A
better understanding of how food preferences are developed and how healthier choices can be
promoted in a way that aligns industry and consumer interests is urgently needed to decide
which polices can ultimately produce welfare improvements and better health outcomes.
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E N D N O T ES
1

The literature also refers to calorically sweetened beverages (CSBs), and often singles out carbonated drinks
and sodas in particular. Sodas refer to carbonated beverages sweetened with sugar, high fructose corn syrup, or
artificial sweeteners while SSBs include fruit drinks and energy drinks as well.

2

Farm to School Programs are based on a combination of three core components: local procurement, education
programs, and gardens.

3

These USDA standards were introduced during the 2014–2015 school year and developed as a result of the
Healthy, Hunger-Free Kids Act of 2010. These include a ban of SSBs in elementary and middle schools, and set
guidelines for limited availability in high schools. Only flavored and/or carbonated beverages with reduced
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calories (less than 10 calories for 20 ounce beverages, and less than 60 calories for 12 ounce containers) are
allowed in high schools (Food Nutrition Services, 2017).
4

Permitted beverages in high schools include fruit-based drinks that are composed of no less than 50% fruit juice
and have no added sweetener, vegetable-based drinks that are composed of no less than 50% vegetable juice
and have no added sweetener, drinking water with no added sweetener, 2% fat milk, 1% fat milk, nonfat milk,
soy milk, rice milk, and other similar nondairy milk, and electrolyte replacement beverages that contain no
more than 42 g of added sweetener per 20-ounce serving.

5

We also explored analyzing stores within a quarter mile radius. Only eight of the stores included in our data
are located within a quarter radius of highs schools, however. We mention this specification in our discussion
of the results but do not focus on this specification due to the limited number of stores that are located within
a .25 mile radius of a high school in our data.

6

A sport drink might have less calories per ounce but a 20 ounce bottle of Gatorade has the same number of calories as a 12 ounce can of soda, and a 32 ounce bottle usually consumed has 230 calories, all of which from
sugar, more sodium and no nutritional value.

7

In 2009, grocery store sales accounted for slightly less than half (48%) of revenues for the $47.2 billion soft
drink manufacturing industry in the U.S. and an additional 8 billion in revenue was generated from flavoring
syrup and concentrate manufacturing (ChangeLab Solutions, 2012).

8

Label Insight is an information, data and analysis firm that provides granular and enriched product attributes
for 80% coverage of the top-selling food, pet, and personal care items in the U.S.

9

The majority of these stores are located less than 2 miles away from a high school. Only nine stores are located
further than 2 miles away from a high school.

10

Twelve ounces is defined as the Reference Amount Customarily Consumed (RACC), the amount customarily
consumed per eating occasion by persons in a specific population group (persons four years of age or older) by
the FDA (U.S. Food and Drug Administration, 2016). It increased from 8 oz to 12 oz in 2016 and the nutritional
information recorded in our data was coded based on the old RACC. Adjusting the sugar content might have
resulted in small rounding errors compared to the amount currently reported on the Nutritional Fact Panel.

11

The inclusion of week-year fixed effects means that individual indicators for each quarter are not included in
the regression as specified above as they would be collinear with the corresponding fixed effects.

12

We are not making a causality statement here. The question of whether the presence of more fast food restaurants leads to stronger preferences for these types of foods, or if these types of restaurants locate in areas with
a higher demand to begin with is beyond the scope of our analysis and discussed elsewhere (e.g., Anderson &
Masta, 2011)

13

A total of 1,738,225 student were enrolled in 1,311 high schools in 2018–2019 school year, resulting in the
average enrollment used here. See https://www.cde.ca.gov/ds/sd/cb/ceffingertipfacts.asp.
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A P P EN D I X A
T A B L E A 1 Triple difference average treatment effects excluding price and discount indicator (mile radius)

Treatment Store Indicator

(1)

(2)

(3)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

Dep. Var.: ln(Q)

0.003

0.003

0.003

(0.048)
Soda Category Indicator

Policy Indicator

Soda Policy

(0.048)

−0.591

***

−0.591

(0.049)
***

(0.030)

(0.030)

−0.032***

−0.032***

(0.011)

(0.011)

−0.057

***

−0.057***

−0.593***
(0.031)

−0.058***

(0.010)

(0.010)

(0.010)

−0.022

−0.022

−0.022

(0.014)

(0.014)

(0.014)

0.051

0.051

0.051

(0.037)

(0.037)

(0.037)

0.028**

0.028**

0.028**

(0.013)

(0.013)

(0.013)

Num. of Obs.

10,561,244

10,561,244

10,561,244

R squared

0.106

0.106

0.138

Mean Dep. Var.

2.322

2.322

2.322

Week FE

YES

YES

YES

week

NO

NO

YES

Policy Store

Soda Store

Average Treatment Effect

Note: The triple difference is the average change in soda sales in treated relative to controls stores minus the change in water
sales in treated relative to control stores. Clustered errors (at the store level) are reported in parentheses.
**p < 0.05. ***p < 0.01.
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T A B L E A 2 Difference-in-differences pseudo average treatment effects for bottled water (mile radius)

ln(Price)

(1)
Dep. Var.: ln(Q)

(2)
Dep. Var.: ln(Q)

(3)
Dep. Var.: ln(Q)

−0.249***

−0.194***

−0.201***

(0.011)

(0.010)

(0.012)

***

0.749

0.753***

(0.008)

(0.008)

−0.009

−0.004

−0.004

(0.055)

(0.053)

(0.017)

Discount Indicator

Treatment Store Indicator

−0.068

−0.007

(0.011)

(0.011)

−0.017

−0.017

−0.018*

(0.015)

(0.015)

(0.010)

Num. of Obs.

1,756,727

1,756,727

1,756,727

R squared

0.225

0.297

0.328

Mean Dep. Var.

2.547

2.547

2.547

Brand FE

YES

YES

YES

Week FE

NO

NO

YES

Policy Indicator

Average Treatment Effect

***

Note: The difference-in-differences is the average change in soda sales in treated relative to control stores. Clustered errors (at
the store level) are reported in parentheses.
*p < 0.10. ***p < 0.01.
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T A B L E A 3 Difference-in-differences average treatment effects (mile radius)

ln(Price)

(1)
Dep. Var.: ln(Q)

(2)
Dep. Var.: ln(Q)

(3)
Dep. Var.: ln(Q)

−0.138***

−0.041***

−0.046***

(0.006)

(0.006)

(0.004)

***

Discount Indicator

Treatment Store Indicator

0.033
(0.036)

0.734

0.683***

(0.012)

(0.006)

0.032

0.033***

(0.033)

(0.010)

−0.090

−0.240

(0.009)

(0.009)

0.013

0.010

0.010*

(0.012)

(0.012)

(0.006)

Num. of Obs.

4,904,223

4,904,223

4,904,223

R squared

0.100

0.156

0.194

Mean Dep. Var.

2.405

2.405

2.405

Brand FE

YES

YES

YES

Week FE

NO

NO

YES

Policy Indicator

Average Treatment Effect

***

***

Note: The difference-in-differences is the average change in soda sales in treated relative to control stores. Clustered errors (at
the store level) are reported in parentheses.
*p < 0.10. **p < 0.05. ***p < 0.01.
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T A B L E A 4 Difference-in-differences average treatment effects excluding multipacks (mile radius)

ln(Price)

Discount Indicator

Average Treatment
Effect

(1)
Dep.
Var.: ln(Q)

(2)
Dep.
Var.: ln(Q)

(3)
Dep.
Var.: ln(Q)

(4)
Dep.
Var.: ln(Q)

0.410***

0.507***

0.476***

0.472***

(0.013)

(0.022)

(0.022)

(0.022)

***

***

0.952

1.102

(0.004)

(0.005)

***

***

0.012

0.021

(0.004)

(0.005)

***

1.115

1.113***

(0.005)

(0.005)

***

0.018

0.021***

(0.005)

(0.009)
−0.005**

ATE*Grocery

(0.002)
0.001*

ATE*FastFood

(0.001)
ATE*Conv

0.000
(0.000)

Num of Obs.

4,063,378

2,299,252

1,763,630

1,763,630

R squared

0.57

0.55

0.53

0.54

Mean Dep Var.

2.48

2.28

2.25

2.25

Brand FE

YES

YES

YES

YES

Week FE

YES

YES

YES

YES

Note: The difference-in-differences is the average change in soda sales in treated relative to controls stores. Specification (1)
excludes multi-packs, while specification (2) uses only single serve bottles and cans (e.g., less than 2 liter bottles). Specification
(3) excludes diet soda products, and specification (4) adds alternative retail outlets. Clustered errors (at the store level) are
reported in parentheses.
*p < 0.10. **p < 0.05. ***p < 0.01.

