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Abstract

IMPORTANCE Sugar-sweetened beverage (SSB) taxes are promoted as key policies to reduce
cardiometabolic diseases and other conditions, but comprehensive analyses of SSB taxes in the US
have been difficult because of the absence of sufficiently large data samples and methods
limitations.

OBJECTIVE To estimate changes in SSB prices and purchases following SSB taxes in 5 large US cities.

DESIGN, SETTING, AND PARTICIPANTS In this cross-sectional study with an augmented synthetic
control analysis, changes in prices and purchases of SSBs were estimated following SSB tax
implementation in Boulder, Colorado; Philadelphia, Pennsylvania; Oakland, California; Seattle,
Washington; and San Francisco, California. Changes in SSB prices (in US dollars) and purchases
(volume in ounces) in these cities in the 2 years following tax implementation were estimated and
compared with control groups constructed from other cities. Changes in adjacent, untaxed areas
were assessed to detect any increase in cross-border purchases. Data used for this analysis spanned
from January 1, 2012, to February 29, 2020, and were analyzed between June 1, 2022, and
September 29, 2023.

MAIN OUTCOMES AND MEASURES The main outcomes were the changes in SSB prices and
volume purchased.

RESULTS Using nutritional information, 5500 unique universal product codes were classified as
SSBs, according to tax designations. The sample included 26 338 stores—496 located in treated
localities, 1340 in bordering localities, and 24 502 in the donor pool. Prices of SSBs increased by an
average of 33.1% (95% Cl, 14.0% to 52.2%; P < .001) during the 2 years following tax
implementation, corresponding to an average price increase of 1.3¢ per oz and a 92% tax pass-
through rate from distributors to consumers. SSB purchases declined in total volume by an average
of 33.0% (95% Cl, -2.2% to -63.8%; P = .04) following tax implementation, corresponding to a
-1.00 price elasticity of demand. The observed price increase and corresponding volume decrease
immediately followed tax implementation, and both outcomes were sustained in the months
thereafter. No evidence of increased cross-border purchases following tax implementation

was found.

CONCLUSIONS AND RELEVANCE In this cross-sectional study, SSB taxes led to substantial,
consistent declines in SSB purchases across 5 taxed cities following price increases associated with
those taxes. Scaling SSB taxes nationally could yield substantial public health benefits.
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Key Points

Question What changes occurred in
sugar-sweetened beverage (SSB) prices
and purchase volume after SSB taxes
were implemented in 5 large US cities?

Findings In this cross-sectional study,
SSB taxes in Boulder, Colorado;
Philadelphia, Pennsylvania; Oakland,
California; San Francisco, California; and
Seattle, Washington, were associated
with a 33.1% composite increase

in SSB prices (92% pass-through of
taxes to consumers) and a 33%
reduction in purchase volume, without
increasing cross-border purchases.
The results were sustained in the
months following tax implementation.

Meaning The results suggest
substantial, consistent declines in SSB
purchases across several US cities;
insofar as reducing SSB consumption
can improve population health, scaling
SSB taxes more broadly should be
considered.
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Introduction

Sugar-sweetened beverages (SSBs) are a major source of nonnutritional calories and are associated
with serious adverse health outcomes, including type 2 diabetes, obesity, cardiovascular disease,
gum disease, caries, and others that contribute to morbidity and mortality."? Because of the
associations between SSBs and these outcomes, excise taxes on SSBs have been proposed in the US
and around the world. As of November 2022, 8 US jurisdictions and more than 50 countries have
implemented some form of SSB tax.> Several systematic reviews and meta-analyses have examined
the association of SSB excise taxes with both prices and consumption.*® The most recent
international review finds a pass-through rate from distributors to consumers of 82% (95% Cl,
66%-98%), a mean reduction in SSB sales of 15% (95% Cl, —20% to -9%), and an average demand
elasticity of -1.59 (95% Cl, —2.11to -1.08).”

Yet, nearly all US-based studies of SSB taxes analyzed 1taxed city and compared it with a control
city. To our knowledge, only 2 existing studies have evaluated joint estimates of SSB taxes across
multiple taxed cities.®®> However, recent statistical advances suggest that these estimates likely
suffer from bias associated with conventional 2-way fixed effects (TWFE) approaches that cannot
account for time-varying confounders, which differ between experimental and control populations.’®
Unbiased estimation of a composite effect, which provides a pooled estimate of SSB taxes across
multiple taxed cities, is critical for understanding the generalizability of SSB tax outcomes to different
localities with heterogeneous characteristics; such an estimate is complementary to existing
estimates from individual localities with SSB taxes in place. This estimate, though imperfect, also
better informs the potential effectiveness of a nationwide tax, which was recommended by a recent
federal commission on diabetes' and is especially relevant considering the beverage industry's
recent efforts to preempt localities from levying SSB taxes.'

In this cross-sectional study with an augmented synthetic control (ASC) analysis, retail sales
data from Boulder, Colorado; Philadelphia, Pennsylvania; Oakland, California; Seattle, Washington;
and San Francisco, California, were used to estimate the composite effect of SSB taxes on SSB prices
and volume purchased. We applied recent advances in statistical methods to estimate an ASC model
with staggered adoption, which produces joint estimates from taxes in several treated cities, despite
different timing of policy implementation. Unlike conventional TWFE approaches, an ASC model with
staggered adoption addresses time-invariant and time-varying unobserved confounders that differ
between taxed cities and their untaxed comparators.'®">'* We also estimated composite changes in
cross-border shopping in untaxed adjacent areas to examine if consumers offset SSB purchases in
bordering localities following SSB tax implementation.

Methods

This study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cross-sectional studies.’ Informed consent was waived because
the data were deidentified. The research was determined not to meet the criteria for human
participant research by the institutional review board at the University of California, San Francisco.
The data used in this analysis spanned from January 1, 2012, to February 29, 2020, and were
analyzed between June 1, 2022, and September 29, 2023.

Retail scanner data on SSB prices (in US dollars) and volume sold (in ounces) and a staggered
adoption ASC approach were used to estimate the composite change in prices and purchases
following the implementation of SSB taxes in Boulder, Philadelphia, Oakland, Seattle, and San
Francisco. We also estimated composite changes in cross-border shopping using adjacent,
untaxed areas.
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Data Collection

The primary data set was the Nielsen Corporation’s retail scanner data. It consisted of product-week-
store observations from selected chain stores in nearly all 3-digit zip codes across the US (871) over
the study period from January 1, 2012, to February 29, 2020. The data included total units sold and
the average sale price per unit for each observation. Beverage products from this data set were
supplemented with nutritional and general product information from Label Insight (Nielsen

)'® and hand-coded nutritional information. This enabled the classification of
individual beverage products as SSBs or not, on the basis of tax regulations across the 5 cities.

Consumer LLC

Artificially sweetened beverages were not included in the analysis, despite coverage in Philadelphia‘s
SSB tax. The eMethods in Supplement 1 contain additional details on product selection and tax status
classification procedures.

The Table provides a summary of information about the study’s localities. There were 5 taxed
3-digit zip codes examined: 803 (Boulder), 191 (Philadelphia), 946 (Oakland), 981 (Seattle), and 941
(San Francisco). Each of these 3-digit zip codes formed the full set of taxed jurisdictions. The
California cities Berkeley and Albany (947) were not included because they were taxed at different
times and could not be separately identified from one another (see Limitations). Localities with sales
taxes, which include the District of Columbia and Navajo Nation, were omitted because they tend to
be smaller in magnitude and less likely to change purchasing behavior. Among the 5 treated localities
in this cross-sectional study, the 3 dates in which SSB taxes were implemented varied by city—in
Philadelphia, the SSB tax was implemented January 1, 2017; in Boulder and Oakland, July 1, 2017; and
in San Francisco and Seattle, January 1, 2018. Tax amounts ranged from 1¢ per oz to 2¢ per oz. Cross-
border purchasing was examined in allimmediately adjacent 3-digit zip codes, of which there were 13
(Table). These areas did not contain any taxed jurisdictions.

Outcome Variables

Two primary outcome measures were examined, including the monthly change in total number of
ounces of SSB products sold in treated localities compared with the synthetic control localities
following tax implementation. Total ounces of SSB products sold was the outcome used in the cross-
border shopping analysis.

Statistical Analysis

This cross-sectional study used an ASC approach.” The original synthetic control method uses a data-
driven approach to construct a synthetic control unit as a weighted average of all potential control
units that best match the treated unit on both the pretreatment outcome and prognostic factors.'®
The ASC approach extends this method by (1) allowing for multiple treated units experiencing
treatment at different times and (2) providing a robust correction procedure when the synthetic

Table. Descriptive Statistics of 3-Digit Zip Codes in Primary Analysis

Three-digit zip code

Bordering

Variable 941 (SF) 946 (0ak) 191 (Phil) 803 (Boul) 981 (Sea) localities® Donor pool®

Three-digit zip codes, No. 1 1 1 1 1 13 279

Stores, No. 103 41 213 26 113 1340 24502

Date tax implemented January 1, 2018 July 1, 2017 January 1, 2017 July 1, 2017 January 1, 2018 NA NA

Pretax months in data, No. 72 66 60 66 72 NA NA

Posttax months in data, No. 24 30 36 30 24 NA NA

Dollars per 0z 0.01 0.01 0.015 0.02 0.0175 NA NA
Abbreviations: Boul, Boulder, Colorado; NA, not applicable; Oak, Oakland, California; ® Donor zip codes consist of all 3-digit zip codes with a % urban value within 15D (0.35)
Phil, Philadelphia, Pennsylvania; Sea, Seattle, Washington; SF, San Francisco, California. of the mean urbanicity of the 5 treated localities (0.98).
2 Bordering 3-digit zip codes comprise all immediately adjacent 3-digit zip codes to each

of the 5 treated zip codes, including 800, 804, 805, 945, 948, 080, 081, 940, 949,

980, 982, 983, and 984.
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unit's pretreatment outcomes do not closely match those of the treated units. Using a donor pool of
untaxed, nonbordering 3-digit zip codes, a synthetic treated unit was constructed for each of the 5
treated cities using pretax SSB prices and purchases, as well as a set of time-invariant characteristics
from the 2010 Decennial Census and 2016 American Community Survey.'®2° Data were analyzed
using R statistical software, version 4.3.2 (R Project for Statistical Computing).

Price Pass-Through and Volume Sold

The primary ASC analyses were estimated at the 3-digit zip code-by-month level. We used the
weighted average shelf price of SSBs and aggregated the total ounces purchased of SSBs at this unit
of observation. Then, separate estimations assessed the composite posttax implementation change
in shelf prices and volume sold in treated localities compared with a synthetic locality for each. Each
individual city was given equal weight in calculating the composite outcome. The percentage change
in shelf prices and volume sold was computed using pretax average shelf prices and volume sold in
the treated localities.

Adhering to the approach in the study by Abadie,?' the donor pool was limited to units with
similar characteristics, namely jurisdictions within 1SD (0.35) of the mean urbanicity level of the 5
treated localities (0.98), following the US Census definition of urban vs rural. A total of 284 three-
digit zip codes remained, including the 5 treated localities, but omitting the 13 border localities.
Sociodemographic and geographic characteristics used in constructing the synthetic units are shown
in Figure 1and described in the second section of the eMethods in Supplement 1. These
characteristics were chosen on the basis of previous research examining SSB taxes.?2%

To determine the statistical significance of the ASC average treatment effects, which are
calculated as the average posttax percentage changes in SSB prices and purchases for treated units
relative to that of the synthetic control units, placebo estimates were generated for each donor unit
one by one, as if each of those units had been treated.' Because treated localities implemented
taxes at different times, this procedure was repeated for each treated locality, generating
279 x 5 = 1395 placebo estimates. To generate P values, the ratio of mean squared prediction error
in the posttax vs pretax period was computed for the composite unit estimate and each placebo
estimate, which were then ranked from largest to smallest.2® The P value was calculated as the ratio
of the composite unit ranking to the total number of units (1396) and indicated statistical significance
when P < .05. More details are provided in the eMethods in Supplement 1.

Cross-Border Purchasing

To fully quantify the changes following SSB taxes in treated cities, we also explored whether
purchasing behavior changed in adjacent 3-digit border zip codes. The same ASC procedure was
implemented, except all adjacent border localities were considered treated, and taxed cities were
excluded. Because border localities tended to be semiurban or suburban, the subsample of donor
pool units was modified to those featuring an urbanicity level within 1SD (0.35) of the mean
urbanicity of the 13 border localities (0.75). A total of 369 three-digit zip codes remained, including
the 13 border localities. This analysis used the same Census characteristics and P value calculation
approach.

Sensitivity Analysis

To assess sensitivity, 2 different urbanicity cutoffs were used to determine the donor pool
subsample. Both an urbanicity level of 0.9 and 0.85 were used, reducing the donor pool of 3-digit zip
codes to 204 and 226, respectively.
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Results
Sample Composition

The main analytic sample included 28 512 three-digit zip code-by-month observations from 297
three-digit zip codes across 98 months. Using nutritional information from the supplementary hand-
coded and Label Insight data, 5500 unique universal product codes (UPCs) were confirmed as SSBs
according to the tax designations. The sample included 26 338 stores—496 located in treated
localities, 1340 in bordering localities, and 24 502 in the donor pool. The Table provides summary
information for each group of localities.

Figure 1 compares each treated unit with its corresponding synthetic unit, focusing on pretax
mean SSB volume in ounces and the 12 sociodemographic and geographic covariates. (In
Supplement 1, eFigure 1displays the price analysis comparisons.) Variables were scaled to be
between 0 and 100, so that the units of measure were comparable. In most instances, these values
were highly similar (within 5 index points), and no comparisons differed by more than 14 index
points. In Supplement 1, eFigure 2 displays sample distributions of each Census characteristic.

Figure 1. Treated vs Synthetic Values of Pretreatment Sugar-Sweetened Beverage (SSB) Sales Volume and Sociodemographic Characteristics

Variable Variable
Pretax mean SSB volume, oz Asian, %
Philadelphia © Philadelphia ©
Seattle o Seattle o—e
Oakland © Oakland e—o
San Francisco o-e San Francisco o—e
Boulder © Boulder L]
Population Native Hawaiian, %
Philadelphia o—e Philadelphia o
Seattle o Seattle oe
Oakland © Oakland ©
San Francisco o San Francisco o-e
Boulder o Boulder ©
Median age, y Other race, %
Philadelphia © Philadelphia o
Seattle 0o Seattle o
Oakland o Oakland o—-e
San Francisco o-e San Francisco &—o
Boulder o Boulder o-e
No. housing units Hispanic, %
Philadelphia o—e Philadelphia L]
Seattle © Seattle o
Oakland o Oakland oe
San Francisco oe San Francisco e——o
Boulder © Boulder oe
White, % Poverty, %
Philadelphia © Philadelphia »
Seattle 5] Seattle oe
Oakland &0 Oakland o
San Francisco o San Francisco o——o
Boulder o—e Boulder &—o
Black, % Aged 18-64y, %
Philadelphia oe Philadelphia o
Seattle © Seattle ©
Oakland ] Oakland ©
San Francisco o San Francisco o—e
Boulder »—o Boulder ©
American Indian/Alaska Native, % Urban, %
Philadelphia © Philadelphia o—e
Seattle oe Seattle o—e
Oakland o Oakland »
San Francisco © San Francisco oe
Boulder o Boulder ©
0 20 40 60 80 100 0 20 40 60 80 100
Scaled mean Scaled mean
This plot shows the scaled mean values of pretax outcomes and prognostic covariates treated city, and hollow dots correspond to its synthetic control. Other race and
included in the synthetic control analysis of SSB volume purchased. Mean values are ethnicity, as determined by the 2010 US Census, included multiracial and Hispanic
scaled to be between 0 and 100 on the basis of each variable’s maximum and minimum individuals.
values found in the primary sample. Shaded dots correspond to the mean value for a
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ASC Analyses of SSB Prices and Volume Sold

In the composite treated locality, shelf prices of SSB products increased by an average of 33.1% (95%
Cl,14.0%-52.2%; P < .001) in the 2 years following tax implementation, relative to the average
percentage change in the composite synthetic locality. This corresponded to an average price
increase of 1.3¢ per oz (Figure 2) and a 92% price pass-through rate (eFigure 3 in Supplement 1). The
volume of SSBs purchased declined by an average of 33.0% (95% Cl, -2.2% to -63.8%; P = .04)
during the same time frame, relative to the average percentage change in the composite synthetic
locality. This corresponded to an average monthly change of 18 534 oz/store-month (Figure 2).
Together, these estimates yielded a -1.00 price elasticity of demand, suggesting SSB purchasing
behavior was responsive to changes in shelf prices (Figure 2). Figure 2 also shows changes in shelf
prices and volume purchased for the 5 taxed localities individually. The demand elasticity estimates
were relatively consistent across taxed localities, ranging from -0.80 (Philadelphia) to -1.37 (Seattle).
Shelf price changes for individual cities were significant at the 10% level, yet null changes in volume
purchased could not be rejected for each city at the 10% level.

Figure 3A shows time-varying ASC results for SSB shelf prices, and Figure 3B shows this
information for volume sales. The blue line indicates the difference between the composite treated
unit and synthetic unit, and the gray lines represent each placebo estimate. In both analyses, a close
fit between the composite treated unit and synthetic unit was found in the pretax period. There was

Figure 2. Composite and Individual Locality Demand Elasticity Estimates

Volume change, Price change, Price Volume change @ Price change

Locality % (95% CI) P value % (95% Cl) P value elasticity

Composite -33.0(-63.8t0-2.2) .04 33.1(14.0t052.2) .001 -1.00 L ]

Philadelphia -46.8 (-119.4 t0 25.8) 21 58.3(7.41t0109.3) .03 -0.80 L ]

Boulder -41.5(-104.8t021.9) .20 45.1(9.1t081.2) .01 -0.92 L ]

San Francisco -36.4(-94.5t021.7) .22 33.4(3.5t063.3) .03 -1.09 @

Oakland -31.0(-85.0t023.0) .26 24.4(0.8t048.1) .04 -1.27 S e

Seattle -19.2 (-47.3t09.0) .18 13.9(-1.2t029.1) .07 -1.37 —@

—éO —4‘10 —2‘0 6 2‘0 4b 6‘0
Change, %

This plot shows the percentage change in volume sold measured in ounces (orange The plot shows the same information for the augmented synthetic control analyses
squares) and the percentage change in shelf prices measured in US dollars (blue circles) of the 5 treated localities individually. Price elasticities of demand are provided, and
for the augmented synthetic control with staggered adoption composite analysis. 95% Cls and P values for each percentage change in price or volume are also provided.

Figure 3. Augmented Synthetic Control Estimates for Composite Changes in Sugar-Sweetened Beverage (SSB) Price and Sales Volume

E Changes in SSB prices Changes in SSB volume sales
Start of tax Start of tax
100 100
Effect estimate,
e 33.1% (95% CI, 14.0% to 52.2%); w0 ]
g P=.001 E
£ /\M £
g / 5
£ 0 - g 04
kS k-
L 4
3 p
% 50 % 504 Effect estimate,
& a -33.0% (95% Cl, -2.2% t0 -63.8%);
P=.04
-100 : T | : : : -100 . | , ' : :
-60 -48 -36 -24 -12 0 12 24 -60 -48 -36 -24 -12 0 12 24
Event-time, mo Event-time, mo
A, This panel shows the percentage change in shelf prices (in US dollars) in response to the donor pool, which comprise untaxed localities. Percentage changes are calculated for
implementing an excise SSB tax for the staggered adoption composite analysis. B, This the average of the pretreatment means of each of the 5 treated localities. The light blue
panel shows the percentage change in volume sold (in 0z). The blue line represents the dotted line represents the start of the SSB tax. The composite effect size estimates
composite treated unit, and the gray lines represent in-space placebo estimates from and P values are provided in each panel.
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a steep, immediate increase in shelf prices and decrease in volume sales following tax
implementation, which was sustained in the months thereafter.

Each city in the composite analysis was equally weighted. The procedure and context through
which each city introduced an SSB tax varies, and the findings are intended for policymakers
considering tax implementation in specific geographies. The population-weighted composite
estimates are similar (eFigures 8 and 9 in Supplement 1).

The analyses for different urbanicity cutoffs generated similar results (eFigures 10 and 13 in
Supplement 1). In Supplement 1, eFigures 5 and 6 show the individual city ASC analyses.

ASC Analyses of Cross-Border Shopping

Figure 4 shows the time-varying ASC results for cross-border SSB volume sales. There was no
statistically significant mean change in cross-border purchases of SSBs following tax implementation
(=2.4%; 95% Cl, -12.8% to 8.1%; P = .67), which remained stable in the years following the tax. No
significant change in cross-border SSB volume purchases was observed in each taxed city (eFigure 4
in Supplement 1). Estimates for different urbanicity cutoffs provided similar findings (eFigures 12 and
15in Supplement 1). In Supplement 1, eFigure 7 displays the time-varying cross-border analyses for
each taxed city.

Discussion

In this cross-sectional study with an ASC analysis, SSB excise taxes were associated with large,
consistent declines in SSB purchases across 5 US taxed cities following tax-driven price changes.
Quasi-experimental methods were used to estimate the overall changes following SSB taxes
implemented at different times and locations relative to a synthetic control of untaxed areas. The
results show shelf prices of SSB products increased by an average of 33.1% (1.3¢ per 0z) in the years
following SSB tax implementation, corresponding to a 92% price pass-through rate from distributors
to consumers. Volume sales fell by 33.0% during the same time frame, without evidence of changes
in cross-border shopping in untaxed adjacent areas.

Although the estimates generally support previous estimates from single-city studies, these
results help answer the critical question of how much variation across taxed localities is due to the
unique characteristics of a locality vs the generalizable outcomes of a tax. Compared with a recent
international meta-analysis of SSB taxes, the results suggest a slightly higher pass-through rate, a
substantially larger reduction in volume purchased, and moderately less demand responsiveness to
price changes.® These modest discrepancies may reflect differences in geographic areas of
comparators, store sample composition, and greater accounting of unmeasured confounders in this

Figure 4. Augmented Synthetic Control Estimates of Composite Changes in Sugar-Sweetened Beverage (SSB)
Sales Volume in Border Areas

Start of tax
1.0 4

This figure shows the percentage change in volume
sold (in 0z) from the staggered adoption composite
analysis in immediately adjacent bordering 3-digit zip
codes. These data were examined in response to
implementing an excise SSB tax in the 5 treated zip
codes. The dark blue line represents the composite
adjacent border unit, and the gray lines represent

o
w
|

0 N AN e AN A N

Effect estimate,

Scaled treatment effect, %

0.5 4 -2.4% (95% Cl, -12.8% to 8.1%); in-space placebo estimates from the donor pool.
’ P=.67 Percentage changes are calculated for the average
of the pretreatment means of each of the 12 adjacent
10 ‘ ‘ . ‘ : ‘ ‘ border localities. The light blue dotted line represents
-60 -48 -36 -24 -12 0 12 24 the start of the SSB tax. The composite effect size
Event-time, mo estimates and P values are provided.
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analysis than in previous studies. Additionally, conflicting findings have been found regarding cross-
border purchasing following SSB taxes, with some studies pointing to significant increases and others
finding no changes.?”° The results provided no evidence of changes in cross-border purchasing.

To further contextualize the findings, we estimated a TWFE event-study model, detailed in the
third section of the eMethods in Supplement 1. This model has been the primary approach taken in
previous SSB tax evaluation studies. In Supplement 1, eTable 3 shows the point estimates are
generally comparable with the ASC estimates, although some moderate differences exist. Inspection
of the prepolicy coefficients in the event-study plots suggests that these estimates have varying
degrees of bias associated with imperfect pretrends (eFigures 16-19 in Supplement 1).3"32 The TWFE
estimates are much more precisely estimated than the ASC estimates, in part because the TWFE Cls
may be overly narrow.>33> Nevertheless, this trade-off highlights this study's focus on generating
unbiased estimates at the partial expense of precision.

It is important to interpret these estimates in the context of projected health benefits. Several
studies have found that a 15% to 20% increase in price/decrease in consumption generates
significant health benefits, including reductions in myocardial infarction events, ischemic heart
disease, coronary heart events, strokes, diabetes, and obesity.36® This study estimated a 33.1%
increase in price and a corresponding 33.0% decrease in volume, suggesting health benefits at least
as substantial as those found previously.

Additionally, studies have suggested that SSB taxes are highly cost-effective.?23”° Wang et al*’
found a nationwide tax could have avoided $17 billion in medical costs between 2010 and 2020. Lee
et al*° found approximately $53 billion in cost savings throughout an average individual lifetime.
More recently, White et al?2 found that a 27% reduction in consumption in Oakland is expected to
accrue more than $100 000 per 10 000 residents in societal cost savings during a 10-year period.
This study’s findings suggest SSB taxation would likely generate significant improvements in
population health and substantial cost savings.

Limitations

First, the retail scanner data identify purchasing behavior and not direct consumption. It is possible,
though unlikely, that taxed populations consumed a different share of purchased SSBs than did
untaxed control populations (eg, producing more waste). Second, the data were geocoded by 3-digit
zip code. This prevented Berkeley and Albany (3-digit zip code 947) from being included because
they could not be separately identified and were taxed at different times. The 3-digit zip codes for
included taxed cities contained a small number of untaxed jurisdictions, accounting for less than 7%
of the total population of these areas (eTable 2 in Supplement 1). However, this misclassification
should only lead to an underestimate of the changes following tax implementation.

We also lacked nutritional information for certain beverage UPCs. Of the UPCs of SSBs in the
scanner data, we successfully matched 84.0% of sales volume in ounces using Label Insight and
hand-coded data featuring nutritional information. To the extent that the set of unmatched UPCs
was similar across taxed and untaxed jurisdictions, the findings should be unaffected. Additionally,
the scanner data contained only a subsample of all stores in each zip code; thus, the data did not
include all volume sales. Using SSB tax revenues to estimate total volume sales in treated localities,
coverage from this set of products was 12.7% (eTable 1in Supplement 1). The coverage estimates
were similar but slightly lower than recent SSB tax evaluations using Nielsen data.?%° Lower
coverage in Philadelphia was partially due to the exclusion of artificially sweetened beverages from
this analysis. Coverage could not be calculated in donor zip codes because there were no SSB taxes in
place. However, the ASC estimation generated a reliable counterfactual group from the existing
sample of donor zip codes, which should mitigate any unintended bias caused by unequal SSB
coverage across treatment and control localities.

Next, although the ASC estimates for each individual city in the volume analysis (Figure 2;
eFigure 6 in Supplement 1) were similar to those in prior studies,” they were relatively imprecise, and
a null effect could not be rejected at the 5% level. Furthermore, although the composite estimates
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for the volume analysis were much more precise, reductions in purchases as small as 2% or as large
as 64% could not be ruled out at a 95% Cl level. While synthetic control methods deliver less biased
estimates than difference-in-differences approaches, they also generate less statistical power.¥!
However, difference-in-differences studies involving a small number of treated units may
underestimate the true variance of effect estimates.>3> As more localities introduce SSB taxes,
synthetic control methods with staggered adoption will have greater precision.

In addition, only posted shelf prices were observed in the scanner data, which may lead to
underestimates of pass-through rates. While excise taxes are generally reflected in shelf prices,
certain retailers may have only included the tax once products were scanned at the register.*?
Moreover, the scanner data were primarily composed of information from large chain stores. Thus,
these results may not extend to independent stores, although similar estimates have been found in
those settings.*® Finally, the 5 treated localities studied here, while geographically distinct and
racially, ethnically, and socioeconomically diverse, were not fully representative of the US population.
Therefore, the findings may not be fully generalizable on a national scale, a limitation most relevant
to less urban populations.

Conclusions

In this cross-sectional study with an ASC analysis, SSB taxes in Boulder, Philadelphia, Oakland, San
Francisco, and Seattle were associated with 33.1% composite increases in SSB prices (92% pass-
through rate) and 33.0% reductions in SSB purchases, with no offset through cross-border purchases
of SSBs. The changes in prices and purchases remained stable in the years following tax
implementation. The findings have important implications for the potential efficacy of SSB taxes
across larger geographic jurisdictions and at the national level. Scaling SSB excise taxes across the US
would likely generate significant population health benefits and medical cost savings.

ARTICLE INFORMATION
Accepted for Publication: October 26, 2023.

Published: January 5, 2024. doi:10.1001/jamahealthforum.2023.4737

Correction: This article was corrected on February 16, 2024, to fix the upper 95% Cl value in Figure 3A from 52.5%
t052.2%.

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Kaplan S
et al. JAMA Health Forum.

Corresponding Author: Scott Kaplan, PhD, Department of Economics, US Naval Academy, 106 and 107 Maryland
Ave, Annapolis, MD 21402 (skaplan@usna.edu).

Author Affiliations: Department of Economics, US Naval Academy, Annapolis, Maryland (Kaplan); Department
of Health Law, Policy & Management, Boston University School of Public Health, Boston, Massachusetts (White);
School of Public Health, University of California, Berkeley (Madsen); Institute of Health Policy, Management and
Evaluation, University of Toronto, Ontario, Canada (Basu); Department of Agricultural & Resource Economics,
University of California, Berkeley (Villas-Boas); Division of General Internal Medicine, Center for Vulnerable
Populations, San Francisco General Hospital/University of California, San Francisco (Schillinger).

Author Contributions: Prof Kaplan had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Basu and Villas-Boas contributed equally to this work.

Concept and design: All authors.

Acquisition, analysis, or interpretation of data: Kaplan, White, Madsen, Schillinger.
Drafting of the manuscript: Kaplan, White, Schillinger.

Critical review of the manuscript for important intellectual content: All authors.
Statistical analysis: Kaplan, White.

Obtained funding: Schillinger.

E] JAMA Health Forum. 2024;5(1):e234737. doi:10.1001/jamahealthforum.2023.4737 January 5,2024 9/12

Downloaded from jamanetwork.com by guest on 04/11/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamahealthforum.2023.4737&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2023.4737
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2023.4737
mailto:skaplan@usna.edu

JAMA Health Forum | Original Investigation Changes in Prices and Purchases Following Implementation of Sugar-Sweetened Beverage Taxes

Administrative, technical, or material support: Kaplan, Madsen, Schillinger.
Supervision: Kaplan, White, Basu, Villas-Boas, Schillinger.

Conflict of Interest Disclosures: Dr Basu reported grants from the National Institutes of Health; Centers for
Disease Control and Prevention; personal fees from the University of California, San Francisco; Collective Health;
Waymark; and HealthRIGHT 360 outside the submitted work. No other disclosures were reported.

Funding/Support: This work was supported by grants from the National Institute of Diabetes and Digestive and
Kidney Diseases (RO1DK116852 and 2P30 DK092924), and the Centers for Disease Control and Prevention’s
National Center for Chronic Disease Prevention and Health Promotion (U18DPO06526).

Role of the Funder: The funders had no role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: All estimates and analyses in this article are by the authors and not by the Nielsen Corporation.
Researchers’ analyses were calculated (or derived) based in part on data from Nielsen Consumer LLC and
marketing databases provided through the NielsenlQ data sets at the Kilts 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. NielsenlQ is not responsible for, had no role in, and was not involved in
analyzing and preparing the results reported herein.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank University of California, Berkeley undergraduate students Youssef Andrawis,
Ryan Andresen, Angi Chen, Matthew Chill, Maggie Deng, Amanda Gold, Drake Hayes, Nan Hou, Liam Howell,
Hongxian Huang, Zixia Huang, Jason Liu, Julie Maeng, Michael Quiroz, Emaan Saddique, Caroline Wu, Yuemin Xu,
April You, Haolin Zhang, and Yihui Zhu for assistance with entering and cleaning the nutritional data and beverage
classification.

REFERENCES
1. McGuire S. Scientific report of the 2015 Dietary Guidelines Advisory Committee. US Departments of Agriculture
and Health and Human Services. Adv Nutr. 2016;7(1):202-204. doi:10.3945/an.115.011684

2. Jackson KE, Hamad R, Karasek D, White JS. Sugar-sweetened beverage taxes and perinatal health: a quasi-
experimental study. Am J Prev Med. 2023;65(3):366-376. doi:10.1016/j.amepre.2023.03.016

3. Global Food Research Program, University of North Carolina. Sugar drink tax maps. November 2022. Accessed
November 21, 2023. https://www.globalfoodresearchprogram.org/wp-content/uploads/2022/11/Sugary_Drink_
Tax_maps_2022_11.pdf

4. Teng AM, Jones AC, Mizdrak A, Signal L, Geng M, Wilson N. Impact of sugar-sweetened beverage taxes on
purchases and dietary intake: systematic review and meta-analysis. Obes Rev. 2019;20(9):1187-1204. doi:10.1111/
obr.12868

5. Powell LM, Marinello S, Leider JU, Andreyeva T. A review and meta-analysis of the impact of local US sugar-
sweetened beverage taxes on demand. University of Illinois Chicago. Policy, Practice and Prevention Research
Center. August 2021. Accessed November 21, 2023. https://p3rc.uic.edu/wp-content/uploads/sites/561/2021/09/
Rvw-Meta-Anal-Impct-Lcl-US-SSB-Taxes-Demand_Rsrch-Brf-No.-121_Aug-2021.pdf

6. Powell LM, Marinello S, Leider J. A review and meta-analysis of tax pass-through of local sugar-sweetened
beverage taxes in the United States. University of lllinois Chicago. Policy, Practice and Prevention Research Center.
July 2021. Accessed November 21, 2023. https://p3rc.uic.edu/wp-content/uploads/sites/561/2021/09/Rvw-Meta-
Anal-Tax-PssThrgh-SSB-Taxes_Rsrch-Brf-No.-120_Jul-2021.pdf

7. Andreyeva T, Marple K, Marinello S, Moore TE, Powell LM. Outcomes following taxation of sugar-sweetened
beverages: a systematic review and meta-analysis. JAMA Netw Open. 2022;5(6):€2215276.
doi:10.1001/jamanetworkopen.2022.15276

8. Barker AR, Mazzucca S, An R. The impact of sugar-sweetened beverage taxes by household income: a multi-city
comparison of Nielsen purchasing data. Nutrients. 2022;14(5):922. doi:10.3390/nu14050922

9. Cawley J, Frisvold D, Jones D. The impact of sugar-sweetened beverage taxes on purchases: evidence from four
city-level taxes in the United States. Health Econ. 2020;29(10):1289-1306. doi:10.1002/hec.4141

10. de Chaisemartin C, D'Haultfoeuille X. Two-way fixed effects estimators with heterogeneous treatment effects.
Am Econ Rev. 2020;110(9):2964-2996. doi:10.1257/aer.20181169

11. National Clinical Care Commission. Report to Congress on leveraging federal programs to prevent and control
diabetes and its complications. US Department of Health and Human Services. Office of the Assistant Secretary for
Health. 2021. Accessed November 21, 2023. https://health.gov/sites/default/files/2022-01/NCCC%20Report%20to
%20Congress.pdf?trk=public_post_comment-text

f] JAMA Health Forum. 2024;5(1):e234737. doi:10.1001/jamahealthforum.2023.4737 January 5,2024 10/12

Downloaded from jamanetwork.com by guest on 04/11/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamahealthforum.2023.4737&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2023.4737
https://dx.doi.org/10.3945/an.115.011684
https://dx.doi.org/10.1016/j.amepre.2023.03.016
https://www.globalfoodresearchprogram.org/wp-content/uploads/2022/11/Sugary_Drink_Tax_maps_2022_11.pdf
https://www.globalfoodresearchprogram.org/wp-content/uploads/2022/11/Sugary_Drink_Tax_maps_2022_11.pdf
https://dx.doi.org/10.1111/obr.12868
https://dx.doi.org/10.1111/obr.12868
https://p3rc.uic.edu/wp-content/uploads/sites/561/2021/09/Rvw-Meta-Anal-Impct-Lcl-US-SSB-Taxes-Demand_Rsrch-Brf-No.-121_Aug-2021.pdf
https://p3rc.uic.edu/wp-content/uploads/sites/561/2021/09/Rvw-Meta-Anal-Impct-Lcl-US-SSB-Taxes-Demand_Rsrch-Brf-No.-121_Aug-2021.pdf
https://p3rc.uic.edu/wp-content/uploads/sites/561/2021/09/Rvw-Meta-Anal-Tax-PssThrgh-SSB-Taxes_Rsrch-Brf-No.-120_Jul-2021.pdf
https://p3rc.uic.edu/wp-content/uploads/sites/561/2021/09/Rvw-Meta-Anal-Tax-PssThrgh-SSB-Taxes_Rsrch-Brf-No.-120_Jul-2021.pdf
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.15276&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamahealthforum.2023.4737
https://dx.doi.org/10.3390/nu14050922
https://dx.doi.org/10.1002/hec.4141
https://dx.doi.org/10.1257/aer.20181169
https://health.gov/sites/default/files/2022-01/NCCC%20Report%20to%20Congress.pdf?trk=public_post_comment-text
https://health.gov/sites/default/files/2022-01/NCCC%20Report%20to%20Congress.pdf?trk=public_post_comment-text

JAMA Health Forum | Original Investigation Changes in Prices and Purchases Following Implementation of Sugar-Sweetened Beverage Taxes

12. Crosbie E, Pomeranz JL, Wright KE, Hoeper S, Schmidt L. State preemption: an emerging threat to local sugar-
sweetened beverage taxation. Am J Public Health. 2021;111(4):677-686. doi:10.2105/AJPH.2020.306062

13. Borusyak K, Jaravel X, Spiess J. Revisiting event study designs: robust and efficient estimation. arXiv. Preprint
posted online August 27, 2021. doi:10.48550/arXiv.2108.12419

14. Goodman-Bacon, A. Difference-in-differences with variation in treatment timing. J Econ. 2021;225(2):
254-277. doi:10.1016/j.jeconom.2021.03.014

15. von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP; STROBE Initiative. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Lancet. 2007;370(9596):1453-1457. doi:10.1016/50140-6736(07)61602-X

16. Nielsen Consumer LLC. Label insight. NielsenlQ. 2020. Accessed December 9, 2020. https://nielseniq.com/
global/en/landing-page/label-insight/

17. Ben-Michael E, Feller A, Rothstein J. The augmented synthetic control method. J Am Stat Assoc. 2021;116
(536):1789-1803. doi:10.1080/01621459.2021.1929245

18. Abadie A, Diamond A, Hainmueller J. Synthetic control methods for comparative case studies: estimating the
effect of California’s tobacco control program. J Am Stat Assoc. 2010;105(490):493-505.
doi:10.1198/jasa.2009.ap08746

19. US Census Bureau. 2010 Census. Accessed June 30, 2022. https://www2.census.gov/census_2010/
20. US Census Bureau.2016 American Community Survey. Accessed June 30, 2022. https://www2.census.gov

21. Abadie A. Using synthetic controls: feasibility, data requirements, and methodological aspects. J Econ Lit.
2021;59(2):391-425. doi:10.1257/jel.20191450

22. White JS, Basu S, Kaplan S, Madsen KA, Villas-Boas SB, Schillinger D. Evaluation of the sugar-sweetened
beverage tax in Oakland, United States, 2015-2019: a quasi-experimental and cost-effectiveness study. PLoS Med.
2023;20(4):e1004212. doi:10.1371/journal.pmed. 1004212

23. Han E, Powell LM. Consumption patterns of sugar-sweetened beverages in the United States. J Acad Nutr
Diet. 2013;113(1):43-53. doi:10.1016/j.jand.2012.09.016

24. Powell ES, Smith-Taillie LP, Popkin BM. Added sugars intake across the distribution of US children and adult
consumers: 1977-2012. J Acad Nutr Diet. 2016;116(10):1543-1550.e1. doi:10.1016/j.jand.2016.06.003

25. Rosinger A, Herrick KA, Gahche JJ, Park S. Sugar-sweetened beverage consumption among US youth, 2011-
2014. NCHS Data Brief. 2017;(271):1-8.

26. Wiltshire JC. allsynth: Synthetic control bias-correction utilities for Stata. Presented at 2021 Stata Conference;
August 5, 2021. https://www.stata.com/meeting/us21/slides/US21_Wiltshire.pdf

27. Cawley J, Frisvold D, Hill A, Jones D. The impact of the Philadelphia beverage tax on purchases and
consumption by adults and children. J Health Econ. 2019;67:102225. doi:10.1016/j.jhealeco.2019.102225

28. Seiler S, Tuchman A, Yao S. The impact of soda taxes: pass-through, tax avoidance, and nutritional effects.
J Mark Res. 2021;58(1):22-49. doi:10.1177/0022243720969401

29. Powell LM, Leider J. The impact of Seattle’s Sweetened Beverage Tax on beverage prices and volume sold.
Econ Hum Biol. 2020;37:100856. doi:10.1016/j.ehb.2020.100856

30. Cawley J, Frisvold D, Hill A, Jones D. Oakland's sugar-sweetened beverage tax: impacts on prices, purchases
and consumption by adults and children. Econ Hum Biol. 2020;37:100865. doi:10.1016/j.ehb.2020.100865

31. Roth J. Pretest with caution: event-study estimates after testing for parallel trends. Am Econ Rev Insights.
2022;4(3):305-322. doi:10.1257/aeri.20210236

32. Rambachan A, Roth J. A more credible approach to parallel trends. Rev Econ Stud. 2023;90(5):2555-2591.
doi:10.1093/restud/rdad018

33. Bertrand M, Duflo E, Mullainathan S. How much should we trust differences-in-differences estimates?
QJ Econ. 2004;119(1):249-275. doi:10.1162/003355304772839588

34. Cameron AC, Gelbach JB, Miller DL. Bootstrap-based improvements for inference with clustered errors. Rev
Econ Stat. 2008;90(3):414-427. doi:10.1162/rest.90.3.414

35. Conley TG, Taber CR. Inference with “difference in differences” with a small number of policy changes. Rev
Econ Stat. 2011;93(1):113-125. doi:10.1162/REST_a_00049

36. Wilde P, Huang Y, Sy S, et al. Cost-effectiveness of a US national sugar-sweetened beverage tax with a
multistakeholder approach: who pays and who benefits. Am J Public Health. 2019;109(2):276-284.
doi:10.2105/AJPH.2018.304803

f] JAMA Health Forum. 2024;5(1):e234737. doi:10.1001/jamahealthforum.2023.4737 January 5,2024 1/12

Downloaded from jamanetwork.com by guest on 04/11/2024


https://dx.doi.org/10.2105/AJPH.2020.306062
https://dx.doi.org/10.48550/arXiv.2108.12419
https://dx.doi.org/10.1016/j.jeconom.2021.03.014
https://dx.doi.org/10.1016/S0140-6736(07)61602-X
https://nielseniq.com/global/en/landing-page/label-insight/
https://nielseniq.com/global/en/landing-page/label-insight/
https://dx.doi.org/10.1080/01621459.2021.1929245
https://dx.doi.org/10.1198/jasa.2009.ap08746
https://www2.census.gov/census_2010/
https://www2.census.gov
https://dx.doi.org/10.1257/jel.20191450
https://dx.doi.org/10.1371/journal.pmed.1004212
https://dx.doi.org/10.1016/j.jand.2012.09.016
https://dx.doi.org/10.1016/j.jand.2016.06.003
https://www.stata.com/meeting/us21/slides/US21_Wiltshire.pdf
https://dx.doi.org/10.1016/j.jhealeco.2019.102225
https://dx.doi.org/10.1177/0022243720969401
https://dx.doi.org/10.1016/j.ehb.2020.100856
https://dx.doi.org/10.1016/j.ehb.2020.100865
https://dx.doi.org/10.1257/aeri.20210236
https://dx.doi.org/10.1093/restud/rdad018
https://dx.doi.org/10.1162/003355304772839588
https://dx.doi.org/10.1162/rest.90.3.414
https://dx.doi.org/10.1162/REST_a_00049
https://dx.doi.org/10.2105/AJPH.2018.304803

JAMA Health Forum | Original Investigation Changes in Prices and Purchases Following Implementation of Sugar-Sweetened Beverage Taxes

37. Wang YC, Coxson P, Shen YM, Goldman L, Bibbins-Domingo K. A penny-per-ounce tax on sugar-sweetened
beverages would cut health and cost burdens of diabetes. Health Aff (Millwood). 2012;31(1):199-207.
doi:10.1377/hlthaff.2011.0410

38. Long MW, Gortmaker SL, Ward ZJ, et al. Cost effectiveness of a sugar-sweetened beverage excise tax in the
US. Am J Prev Med. 2015;49(1):112-123. doi:10.1016/j.amepre.2015.03.004

39. LeeY, Mozaffarian D, Sy S, et al. Health impact and cost-effectiveness of volume, tiered, and absolute sugar
content sugar-sweetened beverage tax policies in the United States: a microsimulation study. Circulation. 2020;
142(6):523-534. doi:10.1161/CIRCULATIONAHA.119.042956

40. Leider J, Powell LM. Longer-term impacts of the Oakland, California, sugar-sweetened beverage tax on prices
and volume sold at two-years post-tax. Soc Sci Med. 2022;292:114537. doi:10.1016/j.socscimed.2021.114537

41. O'Neill S, Kreif N, Grieve R, Sutton M, Sekhon JS. Estimating causal effects: considering three alternatives to
difference-in-differences estimation. Health Serv Outcomes Res Methodol. 2016;16:1-21.
doi:10.1007/s10742-016-0146-8

42. Cawley J, Frisvold D, Jones D, Lensing C. The pass-through of a tax on sugar-sweetened beverages in Boulder,
Colorado. Am J Agric Econ. 2021;103(3):987-1005. doi:10.1111/ajae.12191

43. Bleich SN, Lawman HG, LeVasseur MT, et al. The association of a sweetened beverage tax with changes in
beverage prices and purchases at independent stores. Health Aff. 2020;39(7):1130-1139.
doi:10.1377/hlthaff.2019.01058

SUPPLEMENT 1.

eMethods. Supplemental Methods

eTable 1. Total Coverage of SSB Ounces Sold in Matched Nielsen Retail Scanner Data

eTable 2. Total Population (2010) by City within Taxed 3-Digit Zip Codes

eTable 3. Two-Way Fixed Effects Estimation Results for Composite and Individual City Analyses

eFigure 1. Comparing Treated and Synthetic Values of Prognostic Factors from the Analysis of SSB Shelf Prices
eFigure 2. Overlap of US Census Sociodemographic Characteristics Between Each Taxed City and the Donor Pool
of Control 3-Digit Zip Codes

eFigure 3. Composite and Individual Locality Price Pass-Through

eFigure 4. Composite and Individual Changes in Volume Sales in Adjacent Border Zip Codes

eFigure 5. Augmented Synthetic Control Estimates for Individual Locality Changes in Price

eFigure 6. Augmented Synthetic Control Estimates for Individual Locality Changes in Volume Sales

eFigure 7. Augmented Synthetic Control Estimates of Individual Locality Changes in Volume Sales of SSB Products
in Border Areas

eFigure 8. Augmented Synthetic Control Estimates for Composite Changes in Price and Volume Sales of SSB
Products (Population Weighted)

eFigure 9. Augmented Synthetic Control Estimates of Composite Changes in Volume Sales of SSB Products in
Border Areas (Population Weighted)

eFigure 10. Composite and Individual Locality Demand Elasticity Estimates (Urbanicity > 0.85)

eFigure 11. Augmented Synthetic Control Estimates for Composite Changes in Price and Volume Sales of SSB
Products (Urbanicity > 0.85)

eFigure 12. Augmented Synthetic Control Estimates of Composite Changes in Volume Sales of SSB Products in
Border Areas (Urbanicity > 0.85)

eFigure 13. Composite and Individual Locality Demand Elasticity Estimates (Urbanicity > 0.9)

eFigure 14. Augmented Synthetic Control Estimates for Composite Changes in Price and Volume Sales of SSB
Products (Urbanicity > 0.9)

eFigure 15. Augmented Synthetic Control Estimates of Composite Changes in Volume Sales of SSB Products in
Border Areas (Urbanicity > 0.9)

eFigure 16. TWFE Estimates of Composite Changes in Prices, Volume Sales, and Border Volume Sales

eFigure 17. TWFE Estimates of Individual Locality Changes in Prices

eFigure 18. TWFE Estimates of Individual Locality Changes in Volume Sales

eFigure 19. TWFE Estimates of Individual Locality Changes in Volume Sales of SSB Products in Border Areas
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