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Designing
better sugary
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Tax the sugar, not the liquid

By Anna H. Grummon’, Benjamin B.
Lockwood??, Dmitry Taubinsky>*,
Hunt Allcott?>¢

axes on sugar-sweetened beverages

(SSBs), such as soda and bottled iced

tea, are an increasingly popular ap-

proach to reducing obesity, diabe-

tes, and other health harms (I). As

of mid-2019, 42 countries and seven
U.S. cities have implemented SSB taxes (2).
A basic economic principle is that such cor-
rective taxes should be proportional to the
harm caused. The harm from sugary drinks
comes from the sugar, and SSBs vary sub-
stantially in sugar per unit volume. Yet SSB
taxes typically set constant rates per unit
volume; only three SSB taxes worldwide are
proportional to sugar content. For example,
the seven U.S. cities that tax SSBs use volu-
metric taxes of 34 to 68 cents per liter of
liquid (1 to 2 cents per ounce) instead of,
say, 0.5 cents per gram of sugar. These volu-
metric SSB taxes are poorly targeted to the
actual health harms from SSBs. We estimate
that a simple design change—taxing the
amount of sugar in a drink, not the volume
of liquid that accompanies the sugar—could
boost a SSB tax’s health benefits and overall
economic gains by roughly 30%.

HARMS FROM SUGARY DRINKS

The two most well-established health con-
sequences of SSB consumption are weight
gain and type 2 diabetes (3, 4). SSBs cause
weight gain primarily by increasing calorie
intake (3), and a drink’s calorie content is
directly proportional to its sugar content.
SSBs are thought to cause type 2 diabetes
both by causing weight gain and because
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they have high glycemic load, meaning
that they rapidly and substantially raise
blood sugar levels. Glycemic load also de-
pends directly on a drink’s sugar content (5,
6). Thus, the health harms from SSBs are
closely proportional to their sugar content.
Because the glycemic load and weight ef-
fects are larger when we consume sugar
in drinks than in solid food, public health
experts (and our analyses) focus on taxing
sugar only in drinks (7).

Despite their different sugar content and
resulting different harms, all SSBs are taxed
at the same rate per liter under a volumetric
tax. This tax structure gives consumers no
incentive to substitute from high-sugar to
low-sugar SSBs, even though the latter are
less harmful. Thus, although a volumetric
tax reduces consumption of SSBs in general,
it does not provide the maximum possible
health benefits.

BENEFITS OF A SUGAR TAX

Although it is impossible to predict the ex-
act gains from a sugar tax in any given city
or country, standard economic and health
models can provide a rough estimate. The
estimate depends on three main factors.
First, the variation in sugar content mat-
ters: If most SSB products have fairly simi-
lar sugar content per liter, then volumetric
and sugar taxes can generate fairly similar
tax rates on most products. Second, the
price elasticity of demand matters: If de-
mand is inelastic—that is, if consumers do
not shift their purchases away from high-
sugar SSBs in response to a sugar tax—then
the sugar tax makes little difference. Third,
the health effects of sugar consumption
matter: The more harmful is sugar, the
more beneficial it is to reduce consump-
tion. In theory, the extent to which an SSB
tax causes consumers to substitute to other
unhealthy foods and drinks also matters,
but recent evidence suggests that this is
negligible overall (8).

Using the variation in sugar content
and empirical estimates of demand elas-
ticities and health impacts, we quantified
how sugar taxes and volumetric taxes af-
fect SSB consumption patterns and result-
ing health outcomes. We ran Monte Carlo
simulations to capture uncertainty in the
empirical estimates. Because the most reli-
able empirical estimates of elasticity and
health effects tend to use U.S. data, we
focused our estimates on U.S. adults. We
compared a volumetric SSB tax of 34 cents
per liter (1 cent per ounce) to an “economi-
cally equivalent” sugar tax on SSBs, which
is 0.37 cents per gram of sugar. By “eco-
nomically equivalent,” we mean that the
tax rates are the same on the product with
average sugar content, and the two taxes
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have approximately the same effect on to-
tal SSB consumption. (See the supplemen-
tary materials for details, and see the table
for results.)

First, we considered the benefits of a
standard volumetric SSB tax compared
with no tax. In our average Monte Carlo
simulation, a 34-cent-per-liter volumetric
tax causes the average U.S. adult to drink
2.9 fewer ounces of SSBs per day, a 22%
reduction. This equals about 8 g of sugar
per day, which is about one-quarter of
the American Heart Association’s recom-
mended limit for daily added sugar intake
from all sources (9). This reduction in
sugar intake would help the average adult
to lose 2.3 pounds. A nationwide volumet-
ric SSB tax would reduce obesity rates by
2.0%, implying 2.1 million fewer adults
with obesity, and would reduce the num-
ber of new type 2 diabetes cases by 2.3%,
or 36,000 new cases per year. These calcu-
lations are broadly consistent with other
studies that predict large health benefits
from volumetric SSB taxes (10, I1I).

Weighing against these health benefits,
we must account for the lost “consumer
surplus” from taxing SSBs—that is, the
amount of money that consumers pay in
taxes plus the monetary value of the en-
joyment lost when we drink fewer tasty
drinks (12). The total economic efficiency
gain from a volumetric tax in the United
States—accounting for the health care sys-
tem cost savings, consumer surplus losses,
and tax revenues—would be about $5 per
adult per year, or about $1.4 billion per
year nationwide.

Next, we considered the incremental
benefits of a sugar tax compared with a
volumetric tax. Because the sugar tax natu-
rally imposes higher taxes on higher-sugar
SSB products, it induces consumers to sub-
stitute to lower-sugar SSBs, even though
overall reductions in SSB consumption re-
main approximately the same as under a
volumetric tax. In our average Monte Carlo
simulation, a sugar tax causes U.S. adults
to consume 2.3 fewer grams of sugar per
day from SSBs than they would under a
volumetric tax. This sugar reduction would
help the average adult to lose another 0.7
pounds. Scaled across the United States, a
sugar tax instead of a volumetric tax would
reduce obesity rates by 0.6%, or 630,000
adults, and would reduce the number of
new type 2 diabetes cases by another 0.7%,
or 11,000 people per year. The additional
annual economic efficiency gain would be
about $1.55 per adult, or about $400 mil-
lion. By each of these measures of health
effects and economic gains, a sugar tax
would generate about 30% more benefits
than would a volumetric tax.
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There are about 240 million adults world-
wide living in cities or countries that cur-
rently have volumetric SSB taxes. After
adjusting for the differences in SSB con-
sumption across countries, our average
Monte Carlo estimates suggest that imple-
menting sugar taxes in place of volumet-
ric taxes in these places could help adults
around the world lose about 100 million
pounds. Of course, it is important to be cau-
tious when generalizing the price elasticity
and other relevant parameters across coun-
tries, and the diabetes, obesity, and economic
efficiency calculations cannot be plausibly
extrapolated outside the United States be-
cause of differences in health care costs and
the distributions of diabetes and obesity risk.

Our calculations involve various caveats.
First, one could make alternative assump-

These benefits are notable given that they
come from a simple change in tax design.
By contrast, nontax interventions aimed
at reducing SSB consumption—which of-
ten involve nutrition education conveyed
through workshops, text messages, written
materials, and meetings with dietitians—
have material costs and, on average, gener-
ate only modest reductions in SSB intake
among children and no reductions in SSB
intake among adolescents or adults (15).

In most places, a sugar tax is not ma-
terially more difficult to implement than
a volumetric tax. SSB taxes are typically
collected from producers or distributors
on the basis of how many SSBs they sell.
Consumers never have to calculate the SSB
tax themselves; they simply see a higher
posted price in the store. To calculate tax

A simple design change, a boost in health and economic benefits

Monte Carlo Simulations of effects of volumetric or sugar taxes on sugar-sweetened beverages (SSB)

VOLUMETRIC TAX SUGAR TAX
compared to no tax compared to volumetric tax
10TH 90TH 10TH 90TH
UNITED STATES PERCENTILE MEAN  PERCENTILE PERCENTILE MEAN  PERCENTILE
SSB consumption decrease 14 2.9 3.8 0 0 0
(ounces/person-day)
SSB sugar consumption 37 78 10.2 11 2.3 30
decrease (grams/person-day)
SSB calorie consumption 159 334 439 4.8 10.0 131
decrease (calories/person-day)
Steady-state obesity prevalence 0.8 2.0 3.7 0.2 0.6 11
decrease (percent change)
Type 2 diabetes incidence 10 2.3 33 0.3 0.7 10
decrease (percent change)
Economic efficiency gain 10 2.3 33 03 0.7 10
(Dollars/person-year) H :
GLOBAL
Steady-state weight loss 1470 3240 4630 44.0 970 139.0

(millions of pounds)

tions about parameters such as the effect
of SSB consumption on health care costs or
the extent to which retailers raise prices in
response to SSB taxes. Second, our primary
approach uses a simplifying assumption that
substitution between SSBs does not depend
on sugar content. This could cause us to
overstate the gains from a sugar tax. Third,
our calculations do not account for the
possibility that sugar taxes encourage SSB
producers to make drinks with less sugar,
providing healthier options for consumers.
This could cause us to understate the gains
from a sugar tax. Although there is substan-
tial uncertainty in our estimates, two other
analyses using different approaches also find
meaningful benefits from sugar taxes rela-
tive to volumetric taxes (13, 14).
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payments, sellers and tax authorities use a
spreadsheet or similar software that mul-
tiplies the units of each SSB sold by its
volume, price, or sugar content and then
applies the tax rate. If the spreadsheet
does not already have a field for sugar
content, those data would have to be im-
ported from nutrition facts labels. Policy-
makers can weigh the cost of inputting
and validating sugar content data against
the financial and personal burdens from
diabetes and obesity. Sugar taxes and volu-
metric taxes on SSBs both require similar
other implementation decisions, such as
how they apply to fountain beverages and
powdered drinks and whether we are con-
cerned with naturally occurring sugars (for
example, in milk and fruit juice) in addi-
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tion to added sugars. Perhaps the clearest
evidence on the feasibility of sugar taxes is
that the three countries that already have
them—Mauritius, South Africa, and Sri
Lanka—are not especially wealthy and do
not otherwise have unusual expertise in
counting grams of sugar.

The United Kingdom and some other
countries approximate sugar taxes through
tiered systems that impose a higher volu-
metric tax for SSBs with higher sugar con-
tent. Although this is closer to the ideal of
a sugar tax, it still provides no incentive
for consumers to substitute to lower-sugar
SSBs within a tier and no incentive for pro-
ducers to reduce the sugar content of their
drinks within a tier.

Once there is agreement to tax SSBs,
it seems natural to tax the harmful sugar
instead of the liquid that comes with the
sugar. Our calculations suggest that this
idea offers valuable low-hanging fruit for
improving public health.
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Abstract

This methodology appendix has five parts. First, we give an overview on the economic
theory of corrective taxation. Second, we provide an overview of the relevant externalities
and “internalities.” Third, we derive mathematical formulas for the effects of sugar taxes vs.
volumetric taxes on sugar-sweetened beverages. Fourth, we detail the empirical implementation

of the formulas. Finally, we present results.
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1 Overview: Economic Theory of Corrective Taxation

Appendix Figure 1 provides a quick primer on the economic theory of optimal corrective taxation.
The downward-sloping line represents the demand curve for two different drinks, H and L, with
high and low sugar content per unit volume, respectively. For this figure, we assume that the price
of one drink does not affect purchases of the other drink; we relax this assumption in the derivations
below. The horizontal line through point A is the marginal cost curve for each drink. We assume
perfect competition, so the marginal cost curve is also the supply curve, which is perfectly elastic.
This implies that any taxes on these drinks are passed through to consumers. Allcott, Lockwood,
and Taubinsky (2019b) review the evidence on pass-through of sweetened beverage taxes, which
shows that the majority of the taxes are indeed borne by consumers in the form of higher prices.

Without a tax, the market equilibrium will be at point A. There will be gg units of H sold, and
go units of L sold.

Figure 1: Economic Theory of Corrective Taxation
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The two dotted horizontal lines represent the total social cost of consuming drinks H and L.
Total social cost is the sum of marginal cost and the uninternalized harms from consumption.

Uninternalized harms could be externalities—for example, the health care costs that are borne by



a health insurance pool or by the government—or “internalities,” if consumers don’t consider the
full cost that their consumption imposes on themselves. (Section 2 summarizes the sources of both
internalities and externalities.) We assume that these uninternalized harms are linear in sugar
content, so they are higher for drink H than for drink L.

Under the simplifying assumptions that the social planner does not consider distributional issues
and redistributes tax revenues using lump sum transfers, social surplus is maximized when the taxes
on H and L equal the uninternalized harms from each drink. Because uninternalized harms scale
with sugar content, they are higher for H than for L, and the economically efficient “first best” tax
on sugar would result in a higher per-ounce tax for H than for L. Under this optimal sugar tax,
there would be ¢7; and g7 units sold, respectively, of H and L.

Instead of this first best sugar tax system, most sugary drink taxes impose a tax per unit volume
that is uniform, i.e. does not vary across goods. Consider a volumetric tax that is “economically
equivalent” in the sense that the rate equals the average of the two tax rates under the sugar tax.
This economically equivalent uniform volumetric tax would change the market equilibrium to point
B, reducing consumption of H and L to ¢ units each.

In the figure, both the economically efficient first best sugar tax and the economically equivalent
volumetric tax lead to the same reduction in overall consumption of H plus L. However, because
the sugar tax leads to a greater reduction in consumption of the high-sugar drink, the sugar tax
reduces sugar consumption more than the volumetric tax. This generates a larger reduction in
weight gain and other adverse health consequences.

Relative to the economically efficient sugar tax, the volumetric tax creates a “deadweight
loss”—a loss of economic efficiency generated because the price of H is too low, so there are
consumers who buy it but optimally would not, and the price of L is too high, so there are some
consumers who don’t buy it but optimally would. This deadweight loss is the area of the two

shaded triangles in Appendix Figure 1.

2 Externalities and Internalities from SSB Consumption

2.1 Externalities

We quote from the discussion in Allcott, Lockwood, and Taubinsky (2019a), who estimate the

externality to be $0.85 per ounce:

Using epidemiological simulation models, Wang et al. (2012) estimate that one ounce of
soda consumption increases health care costs by an average of approximately one cent
per ounce. Yong, Bertko, and Kronick (2011) estimate that for people with employer-
provided insurance, about 15 percent of health costs are borne by the individual, while
85 percent are covered by insurance. Similarly, Cawley and Meyerhoefer (2012) esti-
mate that 88 percent of the total medical costs of obesity are borne by third parties,
and obesity is one of the primary diseases thought to be caused by SSB consumption.

Accordingly, we approximate the health system externality at e = 0.85 cents per ounce.



As Allcott, Lockwood, and Taubinsky (2019b) write, “Strictly speaking, these are moral hazard
costs or “fiscal externalities” (in the case of public insurance) which arise due to preexisting in-
formation frictions in a second-best world. We will call all such externalized costs “externalities,”
however, to emphasize that they are borne by people other than the sugar-sweetened beverage
consumer.” One might theoretically argue that instead of taxing SSBs, policymakers should re-
design health insurance systems to charge different prices to different consumers based on their

SSB consumption or resulting health conditions, but this issue is outside the scope of our analysis.

2.2 Internalities

Allcott, Lockwood, and Taubinsky (2019a) consider two types of internalities: imperfect infor-
mation and self-control problems. Allcott, Lockwood, and Taubinsky (2019a) use a survey of
Nielsen Homescan panelists to measure nutrition knowledge and perceived overconsumption of
sugar-sweetened beverages, finding that soda consumption is higher among consumers who are less
informed about nutrition and who profess less self-control, even after controlling for demographic
variables and survey-based measures of health preferences and tastes for different drinks. Using
assumptions detailed in the paper, Allcott, Lockwood, and Taubinsky (2019a) estimate that the
average American household would consume 31 to 37 percent fewer sugar-sweetened beverages if
they had perfect self-control and had the nutrition knowledge of dietitians and nutritionists. Trans-
lated into dollar terms, the estimated average marginal internality from sugar-sweetened beverage
consumption is 0.91 to 2.14 cents per ounce.

In theory, it would be optimal to set heterogeneous SSB taxes that vary with each consumer’s
internalities and externalities, but it is not clear how such non-uniform taxes could be implemented,

so we do not consider them here.

3 Formulas for the Effects of Sugar Taxes vs. Volumetric Taxes

Extending the logic from the above illustration, we can derive formulas for the sugar consumption
decrease and economic efficiency gains from implementing a sugar tax instead of a volumetric tax.
These derivations are based on the model and assumptions of Jacobsen et al. (2018).

Let the N different sugar-sweetened beverages (SSBs) be indexed by i or j, with ¢; denoting the
quantity of j purchased (measured in ounces) and p; denoting the price per ounce. Let s; denote
the sugar content of j (measured in grams of sugar per ounce), and let § denote the unweighted
average sugar content across all SSBs. We assume that the marginal uninternalized harms h;
from consuming j (combining externalities and internalities, in units of dollars per ounce) are
proportional to s;; that is, h; = Ks;, for some constant K.

Policymakers have two types of taxes, a volumetric tax t“* (in cents per ounce, which increases
the price per ounce p; by the same amount for all SSBs) and a sugar tax t;“g (also in cents per ounce,

which increases each SSB’s price by a different amount, proportional to s;). The economically
Sug,*

efficient “first best” sugar tax equals the uninternalized harm: t; = h; dollars per ounce. We



assume full pass-through, so tax changes and price changes have the same effect.

Let @ denote the total volume of SSBs consumed (in ounces per person per day), with dtvol

denoting the impact of a volumetric tax on total demand for SSBs. We define

i
i#j dp;
_dg;
dp;

ay =

as the average substitutability between SSB j and the other SSBs. In words, if an increase in p;
reduces demand for SSB j by X ounces, it also increases demand for other SSBs by a total of a; X

ounces as consumers substitute to those other SSBs. We define
_ 1
J

as the average cross-SSB substitution.
We adopt Jacobsen et al.’s assumptions that demand is locally linear and quasilinear in some
untaxed numeraire good, that s; is uncorrelated W1th , and that cross-price effects between pairs

of goods are uncorrelated with the product of those goods sugar contents. We further assume that

a; is not correlated with %.1 As we shall see, these assumptions allow us to simplify from a

problem involving a large number of demand response parameters (% for all pairs of SSBs i and )

to formulas involving only two demand parameters: the elasticity of total SSB demand with respect
aQ

to a volumetric tax, which we use to get -5,

and the average cross-SSB substitution parameter

Q.

The following identity will prove useful in our derivations:

dg
dtUOl ZZ &

dp;

=1-a)) (1)

Equation (1) says that the total impact on demand of a volumetric tax is the sum of the own-price

effects on demand multiplied by one minus the average cross-SSB substitution.

dg; 52

d .
'Formally, we assume Cov [ﬁ,sj] =0, Cov [dp ) 85
J

] = 0, and Cov [— a]] = 0 across all products j, and

Cov [551 ,sj] Cov [ v,szsj] = 0 across all pairs of products i and j # i.




3.1 A Definition of Economically Equivalent Taxes

A very large volumetric tax will obviously have much larger effects than a very small sugar tax.
Thus, in order to compare the two taxes, we would like to hold the size of the tax constant in some
appropriate sense. We define “economically equivalent” taxes as those that apply the same tax rate
to the SSB with average sugar content. Formally, economically equivalent sugar and volumetric

taxes satisfy

£ = %tw’ . 2)

This economically equivalent sugar tax is the same as a sugar tax of t"% /5 cents per gram of sugar.
For example, if the volumetric tax is one cent per ounce, the economically equivalent sugar tax
would be 1/5 cents per gram of sugar. Under this economically equivalent sugar tax, SSBs with
average sugar content § would thus still be taxed at one cent per ounce, while SSBs whose sugar
content is above average would be taxed at a higher rate.

Under this definition, economically equivalent taxes have several properties. First, they have the
same average tax rate, when averaged across all SSBs: Z; Y =% Zj Zgvol = ¢vol . Second,
they have the same average tax rate, when averaged across all ounces consumed at baseline, if

products’ baseline quantity sold is uncorrelated with their sugar content:

Z qjt; ;" Zj Qj(sj/g)twl
Zj G Zj 4q;
Y OB
a Zj qj

— tvol

Finally, under our assumptions in footnote 1, they reduce total SSB consumption by the same

amount. To see this, notice that the SSB consumption reduction from a volumetric tax is

AQUOZ ZZ dQZ vol tUQOI tvol’ (3)

dpJ




while the reduction due to an economically equivalent sugar tax is

AQ™ = ZZfoz £
d’L vo
_ZZ q (53 z)

dp;
- i j}jq;gj;
T ez
e 92 s

where Equation (4) follows by the definition of § and the zero covariance assumptions in footnote

1.

3.2 Effects on Sugar and Calorie Consumption

Although the two taxes have the same effect on total quantity of SSBs consumed, the sugar tax

has a larger effect on sugar consumption. The reduction in sugar consumption from a volumetric

tax is

Asugar® = Z Z t”OZd—%si

The reduction in sugar consumption from an economically equivalent sugar tax is
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where the final line represents a close approximation when the number of products N is large.
(The calculations described below involve several thousand products.) Since SSBs vary in their
sugar content, Var [%7] is unambiguously positive. Since aggregate SSB demand slopes
downward, & < 1 and thus ﬁ is also positive. Therefore, the term multiplying Asugar¥® in
Equation (6) is greater than one, showing that a sugar tax reduces sugar consumption more than

a volumetric tax.

The effects of taxes on total calorie consumption are given by analogous equations, under the
assumption that each SSB’s calorie content is proportional to sugar content plus a deviation that
satisfies the same zero correlation assumptions detailed in footnote 1.2 Denoting product j’s calorie

content (in calories per ounce of drink) as ¢; and average calorie content as ¢, we have:

ol — tvolé . dQ

Acalories’

3.3 Health Effects

The effect of a tax on health outcomes (weight, obesity, or diabetes) is

Ahealth = Acalories x ¢, 9)
where Acalories is from Equation (7) or (8), and ¢” is the effect of SSB calorie intake on health
outcome h, with h € {weight, obesity, diabetes}.

3.4 Economic Efficiency Gains

Relative to an equilibrium without any SSB taxes, the economic efficiency gain (or deadweight loss

reduction) from a volumetric tax is

Aef ficiency'® = — Z Z SiKﬁt”Ol Z Z dai twl
i g J

dp]
vol
=— <3K — t) ol 1Q (10)

2 dtvol

dg; 2

*Formally, we assume ¢; = ks; + ¢, where Covle;, s;] = 0, Cov [%,54 =0, and Cov [dp ,

} = 0 across all

products j, and Cov [5; ] = Cov [ 515]] = 0 across all pairs of products ¢ and j # ¢. The proportionality

assumption is natural because there are four calories per gram of sugar, and 93 percent of the calories in SSBs are
from sugar.



The economic efficiency gain from an economically equivalent sugar tax ¢;" is

Aef ficiency®™ = — Z Z s; j;h jug 4+ ZZ dQl SugtSUQ
i
d ? VO d ) o i o
RN zzd]i G G)

tvol

== ZZSZS] (sK twl) dai

dp;
dqz
Z Z] i ]dpj

— 0 Aef ficiency®
S dtvol
2202058 148G
From the derivation of Equation (6), we have that 32]7‘1@]@] =1+ J;_o_jl Var [?’] For large
dqtvol
N, this then gives '
1 .
Aef ficiency®™ ~ Aef ficiency"® (1 + g Var [S_j}) . (11)
—a S

Equations (6) and (11) show that a sugar tax generates sugar intake reductions and economic
efﬁciency gains that are larger than those from the volumetric tax by the same scaling factor:
1+ =5 Var [ ] This scaling factor demonstrates that the sugar tax generates larger relative
gains When SSBs vary more in sugar content. Intuitively, if there is little variation in sugar content,
volumetric taxes and sugar taxes impose similar tax rates on each SSB, and the gains from the
latter are thus small. The sugar tax also generates larger relative gains when & is larger. To see

the intuition, consider the effect of an increase in cross-SSB substitution &, holding constant the

dQ
dtle dtvol»

these gains are unchanged. However, the gains from the sugar tax are determined by substitution

slope of aggregate SSB demand The gains from a volumetric tax depend only on SO

away from individual high-sugar products, which is governed by the Own-price effects %. As we

is held constant.

see in Equation (1), ZZ] must increase in absolute value when @ increases and tuol
Thus, all else equal, the gains from a sugar tax are larger when there is more substitution between
SSBs.

These results are a generalization of the formula for the deadweight loss from an imperfectly
targeted tax in Jacobsen et al. (2018). There, deadweight loss is measured relative to the first

best targeted tax, i.e., the special case where tf“g = s;K for all ¢, in which case the economically
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equivalent volumetric tax is second best optimal:3
"ol = 3K. (13)

3.5 Summary

Table (1) summarizes the equation numbers used to calculate our results.

Table 1: Equation Numbers for Computing Effects of Sugar-Sweetened Beverage Taxes

(1) (2)

Volumetric Sugar
tax content tax
Tax rate 1 cent/ounce (2)
SSB consumption decrease (ounces/person-day) (3) (4)
SSB sugar consumption decrease (grams/person-day) (5) (6)
SSB calorie consumption decrease (calories/person-day) (7) (8)
Health effects (weight, obesity, diabetes) 9) 9)
Economic efficiency gain ($/person-year) (10) (11)

4 Empirical Implementation

For both consumption and health effects, we use parameters relevant for U.S. adults. We present
Monte Carlo simulations to illustrate uncertainty in estimates of four parameters: price elasticity,

caloric compensation, and the effects of SSB calorie intake on obesity and type 2 diabetes.

3Specifically, using Equation (11), the efficiency gains from replacing a volumetric tax with a sugar tax are

$K?dQ <Zi2j5isjgz; 1)

L. sug . vol __
Aeffwzency - Aeffwzency - 2 ’ dtvol §2LQl
dt’UO

- (ST i)

(I e e e S et )

(TR )
1 vo vo dq;

IR () () "

dp;

Equation (12) is identical to Equation (6) from Jacobsen et al. (2018).
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4.1 Data and Economic Assumptions

Using the formulas above, we estimate the effects of imposing a volumetric tax vs. a sugar tax
on SSBs, using data from the United States. We observe the list of SSB products sold, as well as
prices and purchases of each product, from Nielsen Homescan, a nationally representative dataset
of all grocery purchases made by about 60,000 U.S. households.

We define “SSBs” based on what beverages are taxed by most existing SSB taxes in the U.S.:
carbonated soft drinks, sweetened juice drinks, packaged coffee and tea, sports drinks, and energy
drinks, but not milk-based drinks, diet drinks using zero- or low-calorie artificial sweeteners, or
100% fruit juice. This includes powdered drinks such as powdered Gatorade and sweetened instant
coffee or tea, as well as concentrated drink mixes. Consistent with most existing SSB taxes, we
consider the volume of powdered and concentrated drinks as consumed (i.e. after adding water).
We observe sugar content in a dataset collected from each drink’s Nutrition Facts Panel. We take
all UPCs within the 22 Nielsen product module codes comprising SSBs, dropping UPCs with zero
grams of sugar or less than 1/2 calorie per ounce.

We define SSB “products” (indexed by ¢ and j in the model) uniquely by brand, size, and
flavor—for example, a 16-ounce bottle of cherry-flavored Brand X. Each of our “products” may
contain one or more UPCs. There are 2324 products in our dataset. This gives us the set of
products j € {1,..., J}, each with sugar content s; and calorie content c;.

In our Monte Carlo simulations, we place 50% weight on the result from Allcott, Lockwood,
and Taubinsky (2019a) that the price elasticity of demand for SSBs is Z%g ~ —1.37. We place
5% weight on each of the ten price elasticity estimates reported in the systematic review by Powell

et al. (2013). These estimates are comparable to recent estimates from six studies that measure
the effects of SSB taxes on sugary drink purchasing and consumption, both in U.S. cities and in
other countries; see Table 2. To translate from % to dfﬁil, we set a baseline Qg = 154/11.57
ounces per person-day on the basis of estimates from the 2013-2014 National Health and Nutrition

Examination Survey (NHANES) that the average American adult consumes 154 calories of SSBs
per day (Allcott, Lockwood, and Taubinsky, 2019b), and our calculation that the average SSB has
¢ = 11.57 calories per ounce. We set a baseline Py = 4.5 cents per ounce, which is approximately
midway between the quantity-weighted average price of 2.8 cents per ounce in our Nielsen Homescan
data for 2014-2016 and the Powell et al.’s (2014) consumption-weighted average price of 5.9 cents
per ounce from a national sample of food outlets near public schools. We then set dP = V% = 1
cent per ounce and back out the demand slope d@Q/dt¥* implied by a constant-elasticity functional
form.*

We estimate @ using results presented in Tables 2.2, 2.3, and B.2 of Dubois, Griffith, and
O’Connell (2019). Their Table B.2 reports the own-price elasticity and substitution elasticity for
on-the-go purchases of 16 major SSB products. Using market share data reported in their Tables

2.2 and 2.3, we can then translate these elasticities into cross-SSB substitution parameters a;;. The

Py+tv°! )71.4

— Q-Qo
Py

and ool zool

“Specifically, we assume Q = kP~ 1%, 50 Q' = Qo - (
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average is & =~ 0.46.
To estimate K, we assume that one cent per ounce, the most common SSB tax rate in U.S.
cities, is economically equivalent to the first-best sugar tax rate. This implies that K = 1/5 ~ 0.37

cents per gram of sugar.

Table 2: Implied Elasticities from Previous Studies of City- and National-Level SSB
Taxes

Study Context Elasticity
Caro et al. (2018) Chile, carbonated SSBs -2.1
Caro et al. (2018) Chile, non-carbonated SSBs -1.3
Colchero et al. (2015; 2017) Mexico -0.8
Falbe et al. (2016) Berkeley, CA -2.6
Roberto et al. (2019) Philadelphia, PA -1.7
Silver et al. (2017) Berkeley, CA -1.2
Zhong et al. (2018) Philadelphia, PA -1.5

Notes: This table shows implied price elasticities for SSBs (% change in purchases or consumption per 1%
change in price) from recent studies of SSB taxes implemented in U.S. cities and other countries.

4.2 Assumptions about Health Effects
4.2.1 Effects on Weight and Type 2 Diabetes

To estimate the health effects (Ahealth from Equation (9)), we calibrate the health effect/calorie
consumption parameters ¢ using standard epidemiological modeling assumptions. We consider
three health outcomes: steady-state average weight, steady-state obesity prevalence, and annual
type 2 diabetes incidence. (Prevalence is the stock of cases in a population, while incidence is the
flow of new cases over a given period.)

To estimate the effect of SSB calorie consumption on weight (¥¢9"  we first account for the
possibility that people who reduce their SSB intake replace calories from SSBs with calories from
other sources. Three studies have measured caloric compensation after supplementation with SSBs
vs. mnon-caloric (or very low-calorie) artificially sweetened beverages, finding that a one calorie
change in SSB intake yields a 0.63 (Tordoff and Alleva, 1990), 0.67 (Reid et al., 2007), or 0.92
(Van Wymelbeke et al., 2003) calorie change in total energy intake (TEI). That is, individuals
compensate 8%, 33%, or 37% of SSB calorie intake. We translate reductions in SSB calorie intake
into TEI reductions by multiplying the average daily SSB calorie intake reduction by 0.92, 0.67, or
0.63, respectively. In our Monte Carlo simulations, we place equal weight on these three estimates.

To translate from TEI to steady-state weight, we apply a validated model of weight change
developed by the National Institutes of Health (NIH) (Hall et al., 2011). The model quantifies how
a change in total energy intake (such as from a reduction in SSB intake) affects body weight over
time. A commonly used heuristic derived from the NIH weight change model is that an adult who
permanently reduces her calorie intake by 100 kilojoules (23.9 calories) per day can expect to lose
about 1 kilogram of body weight in steady state (Hall et al., 2011; Wang et al., 2012; Long et al.,
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2015; Basu, Seligman, and Bhattacharya, 2013). Half of this weight loss occurs in the first year
after reducing energy intake, and the remainder occurs within three to five years. We apply this

heuristic to arrive at average weight loss per American adult in steady state, presented in units of

e Lkg
23.9 calories/day "

We place equal weight on three estimates of the effect of SSB calorie consumption on obesity

pounds/person. Thus, (*¢9" = (1 — compensation factor)

prevalence ¢°P5"*, First, we rescale results from Basu et al.’s (2014) microsimulation, which found

that a 24.2 calorie/day reduction in SSB intake would yield a 2.4% reduction in adult obesity

(obesity — 2.4% prevalence
24.2 calories/day "

estimate that a 20% reduction in SSB intake (from a baseline of about 162.25 calories/day, see

prevalence after 10 years. Thus, Second, we consider Long et al.’s (2015)
Bleich et al. (2018)) would yield a 0.99% reduction in obesity prevalence after ten years. Third,
we apply Wang et al.’s (2012) estimate that a 15% reduction in SSB intake (from a baseline of 203
calories/day) would yield a 1.5% reduction in obesity prevalence after ten years.

Excess SSB consumption has also been consistently linked to increased risk of developing type
2 diabetes (Imamura et al., 2015), both via its effects on obesity and by disrupting metabolic
processes. We place equal weight on two estimates of the effect of SSB calorie consumption on
type 2 diabetes incidence (%@¢tes, First, we rescale results from Basu et al. (2014) that a 24.2
calorie/day reduction in SSB intake would yield a reduction in type 2 diabetes incidence of 8.5
cases per 100,000 adults per year. This represents a 1.3% reduction from the Centers for Disease
Control and Prevention’s most recent estimates of type 2 diabetes annual incidence of 670 cases
per 100,000 adults Centers for Disease Control (2017). Thus, (%abetes — M—%gm. Second,
we consider Wang et al.’s (2012) estimate that a 15% reduction in SSB intake would yield a 2.6%

reduction in type 2 diabetes incidence.

4.2.2 Global Health Benefits

We rescale the U.S. estimates to provide an estimate of worldwide health benefits from sugar taxes
instead of volumetric taxes. There are seven cities and 18 countries with volumetric SSB taxes, not
counting those with tiered tax systems that more closely approximate sugar taxes (Global Food
Research Program (GFRP), 2019).> We gather estimates of each country’s per capita SSB con-
sumption from Popkin and Hawkes (2016). We calculate the change in per capita SSB consumption
from SSB taxes under the assumptions that these jurisdictions would implement a 1 cent per ounce
tax and that adults in city or country ¢ would experience the same percent reduction in SSB calorie
intake as adults in the U.S.:

Acalories. = Acaloriesys X ——— (14)

Qus’

50f the 18 countries with volumetric taxes, we exclude 10 small countries without published data on SSB consump-
tion or purchases—for example, Brunei, French Polynesia, and Vanuatu. This causes us to slightly underestimate
worldwide health benefits of a sugar content tax. We also exclude 13 countries with ad valorem SSB taxes, such as
Colombia, India, and Saudi Arabia, as our model does not focus on ad valorem taxes. As these taxes are also poorly
targeted, this causes us to significantly underestimate worldwide health benefits.
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where @ is per capita average SSB consumption. We then use (€9 to translate this to per-capita
steady-state weight loss. We calculate total weight loss in country or city ¢ by multiplying by adult
(ages 15 years and older) population size gathered from the Central Intelligence Agency World
Factbook (2018) or the American Community Survey (2017).

4.3 Monte Carlo Simulations

In order to quantify the uncertainty in our predictions, we run 1,000 Monte Carlo simulations over
different parameter assumptions. We account for uncertainty in estimates of four parameters: price
elasticity, caloric compensation factor, and the effects of SSB calorie intake on obesity and type
2 diabetes. Table 3 provides details. For all four parameters, we weight estimates from different
sources with equal probability. For price elasticity, we additionally allow for sampling variation
in the parameter estimate from Allcott, Lockwood, and Taubinsky (2019a). For parameters other

than price elasticity, the original sources typically do not report standard errors in a usable format.

Table 3: Overview of Monte Carlo Simulations

Parameter Share of simulations: estimate Source
Price elasticity % 50%: -1.37 (SE=0.087) Allcott, Lockwood, and Taubinsky (2019a)
5% each: -1.86, -.41, Powell et al. (2013)

-.609, -.712, -.87, -1.264,
-54,-2.26, -1.12, -1.3

Compensation factor 33%: 0.67 Reid et al. (2007)
(to calculate ¢wei9ht) 33%: 0.63 Tordoff and Alleva (1990)
33%: 0.92 Van Wymelbeke et al. (2003)
Calories to Obesity Cobesity 33% W Basu et al. (2014)
0.99% !
33%: W% Long et al. (2015)
5% !
| 33%: ?M% Wang et al. (2012)
Calories to diabetes ¢4abetes  50%: m% Basu et al. (2014)
50%: 0% incidence Wang et al. (2012)

30.45 calories/day

5 Results

Figure 2 presents the histogram of sugar content by product, across all SSB products available in
the Nielsen Homescan data over 2014-2016. These are the data used to calculate Var [%} . Table 4
presents Monte Carlos estimates of the range of effects of the volumetric tax and the relative gains
from the sugar tax, using the equation numbers specified in Table 1 and the parameters weightings
described in Table 3. Table 5 presents the weight loss effects of volumetric taxes and sugar taxes
in countries and U.S. cities that currently impose volumetric taxes and have data available on SSB

consumption, using the mean of the Monte Carlo estimates.
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Under our assumptions, the sugar tax generates about 29% larger reductions in sugar and
calorie consumption and deadweight loss compared to the volumetric tax. This can be seen from
Equations (6), (8), and (11), which all show that the sugar tax effect equals the volumetric tax
effect times (1+ 115 - Var [2]) ~ (14 =5 -0.16) ~ 0.20.

As detailed in footnote 1, these calculations require the assumption that cross-price effects
between pairs of goods are uncorrelated with the product of those goods’ sugar contents. Another
approach that allows this assumption to be relaxed is to calibrate the effects using a demand system
with more flexible substitution patterns. To do this, we use the Dubois, Griffith, and O’Connell
(2019) estimates. Dubois, Griffith, and O’Connell (2019) estimate a random coefficient logit model
of SSB demand with utility function given by their Equation (3.1). We simulate a population
of consumers with their estimated joint distribution of «, 5, and  parameters and back out the
¢ parameter for each SSB product in our dataset using the Berry, Levinsohn, and Pakes (1995)
contraction mapping. In this model, a one cent per ounce SSB tax reduces sugar consumption by
13.8% relative to baseline, and the economically equivalent sugar tax reduces sugar consumption
by 16.1%. Thus, the sugar tax reduces consumption by 17.1% more than the volumetric tax. This
is somewhat less than the 29% percent reduction in our model, although within the range of the

sensitivity analyses that we present in our Monte Carlo simulations.

16



Figure 2: Variation in Sugar Content Across Sugar-Sweetened Beverages
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Notes: This is a histogram of sugar content by SSB product, for all SSB products available in the Nielsen
Homescan data over 2014-2016. “SSBs” comprise products taxed in city-level SSB taxes in the U.S.: car-
bonated soft drinks, sweetened juice drinks, packaged coffee and tea, sports drinks, and energy drinks, but
not milk-based drinks, “diet” drinks using zero- or low-calorie artificial sweeteners, or 100% fruit juice.
“Products” are defined by brand, size, and flavor, e.g. a 16-ounce bottle of cherry-flavored Brand X.
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Table 4: Monte Carlo Simulations of Effects of Volumetric or Sugar Taxes on Sugar-
Sweetened Beverages

(a) Volumetric Tax Relative to No Tax

10th pctile Mean 90th pctile

SSB consumption decrease (ounces/person-day) 14 2.9 3.8
SSB sugar consumption decrease (grams/person-day) 3.7 7.8 10.2
SSB calorie consumption decrease (calories/person-day) 15.9 33.4 43.9
Steady-state weight loss (pounds/person) 1.0 2.3 3.3
Steady-state obesity prevalence decrease (% change) 0.8 2.0 3.7
Type 2 diabetes incidence decrease (% change) 1.0 2.3 3.3
Economic efficiency gain ($/person-year) 2.5 5.3 6.9
Global steady-state weight loss (millions of pounds) 146.7 323.6 462.9

(b) Sugar Tax Relative to Volumetric Tax
10th pctile Mean 90th pctile

SSB consumption decrease (ounces/person-day) 0.0 0.0 0.0
SSB sugar consumption decrease (grams/person-day) 1.1 2.3 3.0
SSB calorie consumption decrease (calories/person-day) 4.8 10.0 13.1
Steady-state weight loss (pounds/person) 0.3 0.7 1.0
Steady-state obesity prevalence decrease (% change) 0.2 0.6 1.1
Type 2 diabetes incidence decrease (% change) 0.3 0.7 1.0
Economic efficiency gain ($/person-year) 0.7 1.6 2.0
Global steady-state weight loss (millions of pounds) 43.9 96.8 138.5

Notes: This table presents Monte Carlo simulations of the effects of a volumetric tax (Panel a) and the
relative benefits from a sugar tax (Panel b) on sugar-sweetened beverages, as calculated using the equation
numbers specified in Table 1 and the parameter variations described in Table 3. The first seven rows in each
panel reflect calculations for adults in the United States, while the final row is a global calculation for all
adults in cities and countries that currently have volumetric SSB taxes.
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Table 5: Effects of Taxes on Weight Loss for Countries and Cities with Volumetric
Taxes

(1) (2) (3) (4) (5)
Per capita Adult Volumetric Sugar Gain from
SSB population tax tax sugar tax
consumption size weight loss  weight loss  (column 4 - column 3)
Jurisdiction (calories/day) (1000s) (1000s 1bs)  (1000s lbs) (1000s 1bs)
Mexico 158 92,441 215,795 280,374 64,579
Norway 75 4,405 4,882 6,343 1,461
Finland 72 4,627 4,922 6,395 1,473
Belgium 88 9,580 12,456 16,184 3,728
Hungary 65 8,385 8,053 10,463 2,410
Malaysia 30 23,068 10,225 13,285 3,060
Morocco 25 25,574 9,446 12,273 2,827
Philippines 48 70,874 50,263 65,305 15,042
Berkeley 154 109 249 324 75
Oakland 154 346 788 1,024 236
San Francisco 154 765 1,742 2,264 521
Boulder 154 94 215 280 64
Philadelphia 154 1,277 2,907 3,777 870
Seattle 154 596 1,358 1,764 406
Albany 154 15 35 46 11
Total 242,156 420,101 323,338 96,763

Notes: This table presents the weight loss effects of volumetric taxes and sugar taxes on sugar-sweetened
beverages in countries and U.S. cities that currently impose volumetric taxes and have data available on
SSB consumption. Per capita SSB consumption estimates are from Popkin and Hawkes (2016). Weight loss
is calculated using the assumptions described in Section 4.2.2.
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