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ABSTRACT

An Analysis of Beverage Size Restrictions®

Due to high levels of obesity, various government interventions have been proposed to curb
the consumption of sugar-sweetened beverages (SSBs). The New York City “soda-ban,”
which proposed to limit the size of SSBs is among the most well-known and controversial.
While public debates about beverage-size-restrictions tend to focus on how consumers
are impacted, we use a nonlinear pricing model to show that, for all but extremely tight
restrictions, consumer welfare would be unaffected by an enforceable restriction. However,
sellers’ profit would decline. While consumption is predicted to decline overall, the
magnitude of the decline will vary by consumer segment.
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Various government interventions designed to reduce the consumption of sugar-sweetened
beverages (SSB) have been proposed due to research linking high sugar consumption to
weight gain, type-two diabetes (Schulze et al. 2004), cardiorenal disease, obesity (Johnson
et al. 2007), and metabolic syndrome (Lustig et al. 2012). While SSB taxes have received
considerable attention both in practice and in the academic literature, an often overlooked
but controversial policy is SSB serving size restrictions. The most well known example is the
New York City “soda-ban” which proposed to restrict the size of the largest SSB that can
be sold to consumers. While the NYC soda ban was ultimately overturned in court, policy
debates regarding sugar and soda consumption are ongoing and contentious. For example, to
preempt future regulations on portion sizes, Mississippi passed Senate Bill 2687 (2013) which
prevents counties and towns from enacting rules that restrict portion sizes. The governor of
Mississippi signed the bill arguing that the bill would protect consumer freedom and choice.
The implication is that consumer welfare would be reduced by portion size restrictions.

In this paper, we analyze the impact of a beverage size restriction on consumer welfare,
retailer welfare, and consumption using a parsimonious nonlinear pricing model. Our key
policy relevant finding is that, unless a size-restriction is so tight that it eliminates the
ability of retailers to engage in second-degree price discrimination, consumer welfare will be
unaffected by a size restriction. All policy induced inefficiencies will be borne by retailers, and
by extension, manufacturers. Additionally, the size-restriction will have differential effects
across consumer segments with the largest consumers of SSBs most likely to have their
consumption curbed. From a policy perspective, this appears to be a desirable outcome
since the policy may achieve its intended effect of reducing sugar consumption by those who

tend to purchase larger portion sizes.



One qualification is that our results focus only on consumer welfare from the consumption
of soft-drinks and do not incorporate potential health benefits. However, health benefits
increase consumer welfare so our results hold despite the possibility that we underestimate
the potential gains to consumers.*

Despite the tendency for opponents of beverage size restrictions to portray their opposi-
tion as an issue of consumer freedom and welfare, our analytic results suggest that arguments
about consumer welfare are misplaced because the restriction will have little impact on con-
sumer welfare for most reasonable size restrictions. Rather, a legitimate argument might be
that a restriction might harm businesses selling SSBs.?

Accounting for second-degree price discrimination is important for accurate welfare anal-
ysis. For example, using a standard textbook demand curve may lead one to mistakenly
conclude that a quantity restriction away from equilibrium will reduce consumer welfare via
elevated price and reduced consumption. However, under a nonlinear pricing scheme, un-
less a restriction is so severe that it eliminates second-degree price discrimination, consumer
welfare will be unaffected. We provide the intuition for this result in the subsequent section
“An Intuitive Overview of our Model and Results.”

Our result that firms suffer more than consumers makes intuitive sense since such regu-
lations are restrictions on nonlinear pricing schemes. Thus, it might be more appropriate to
view SSB size restrictions as limits on strategic pricing options of retailers rather than re-
strictions on consumer choice. Hence, it is not all that surprising that the soft-drink industry
spent millions of dollars in public relations campaigns, lobbying, and legal challenges to the
soda-restriction (Grynbaum 2014), which is consistent with our prediction that businesses

have much to lose.



We also point out that our analysis was done using an economic model of an enforceable
SSB-size regulation, stripped away of confounding complications. This is a fairly conven-
tional economic approach that allows us to make a first pass at understanding the impact of
a regulation without confounding the regulation with implementation or enforcement prob-
lems.® Thus, while we use the NYC soda ban as a motivating example, our analysis is more
general than just this one proposal.

A general analysis is advantageous two reasons. First, the details of an actual regulatory
proposal, like the NYC soda ban, is likely to be very ad hoc and plagued with inconsis-
tencies. In the NYC example, businesses regulated by the NYC Department of Health and
Mental Hygiene are subject to the ban. This implies that restaurants would be subject to the
regulation but not convenience and grocery stores (which are regulated by the State). This
creates a very uneven and confusing regulation, which is fraught with loopholes that com-
plicate economic analysis. Second, proposed regulations often have enforcement problems in
implementation. For example, in the NYC case, there is no rule to prevent a consumer from
purchasing two small beverages rather than one large drink.

While our analysis is grounded in theory rather than specific statutory rules, we believe
that it will serve as a more useful point of reference for future studies of food/beverage
restrictions. If we only model a specific statutory proposal that is plagued by imple-
mentation /enforcement problems, then it will be difficult for other researchers studying
SSB proposals to determine whether their results deviate from ours because of implemen-
tation/enforcement problems or because of the actual regulation. Thus, our approach is
more generalizable and can serve as a useful benchmark for a wide array of proposed size-

restrictions that differ in details but not in substance.



This paper is organized as follows. The next section provides the background and context
for our study, including a review of the relevant literature on soda taxes and portion sizing.
Next, we provide an in intuitive overview of our model and results before we introduce the
formal model. The formal model is then introduced and the unregulated benchmark out-
comes are established. Subsequently, we discuss the impact of the SSB size restriction on
nonlinear pricing strategies of retailers. A comparison of regulated versus unregulated out-
comes allows us to examine policy implications, which we discuss in the Policy Implications

section. Finally, we wrap up the paper with the Conclusion section.

Background and context

Our study is the first that we are aware of that provides a rigorous economic foundation
for understanding the economics of portion size restrictions. Prior debates about these
restrictions in both the Mississippi and New York cases often involved seemingly impromptu
appeals to consumer sovereignty that tend to be political in nature but lacking in economic
substance. Thus, studies like ours are important for adding economic content to the debates.

Since the proposed New York city soda size-restriction was struck down by the court in
2014, SSB size-restrictions have largely disappeared from policy discussions in the United
States.* However, given that our study shows that a size-restriction would have limited
impact on consumer welfare, and given that some states are passing laws that prevent lo-
cal governments from enacting SSB taxes (O’Connor and Sanger-Katz 2018), perhaps size-
restrictions can become feasible alternatives to soda taxes again, particularly in political

environments in which consumer welfare is of primary concern.



It is important to note that SSB restrictions may not be a perfect substitute for taxes
in all situations. Size-restrictions are likely to be most relevant for restaurants, fast food
chains, and/or convenience stores that offer fountain drinks or other options that are meant
to be consumed in one sitting. It would be difficult for a size-restriction to be effective at
venues where consumers can purchase SSBs to be stored and consumed in multiple sittings.
As such, size-restrictions might not be as broadly applicable as, say, SSB taxes. Never-
theless, size restrictions may still be a viable policy instrument as government agencies are
increasingly making package size regulations contingent on whether the food or beverage is
meant to be consumed in a single sitting versus multiple sittings. For example, in 2016,
the FDA announced new rules on nutrition labeling that distinguish between single serving
containers versus larger containers that are meant to be shared or consumed over time (FDA
2014). SSB size restrictions might complement single sitting environments where the costs
of implementation and enforcement will likely be relatively low.?

While we are unaware of any economic studies on SSB size-restrictions, there have been
a significant number of academic studies on taxes in recent years. Given that this article is
not about SSB taxes, we will only discuss papers that have relevance for our study. Debnam
(2017) finds that a one-cent per-ounce SSB tax in Berkeley, California dramatically decreased
SSB consumption. However, Debnam finds that there are complicated selection effects in the
populations of SSB consumers and the voters who opted for the tax. High-type consumers are
less price sensitive and less responsive to the tax, and in some cases may even consume more
immediately after the implementation as a reaction against it. Debnam’s work therefore is
consistent with our assumption that there is a distribution of different consumer types and

that consumption patterns are likely to be heterogeneous. These heterogeneous patterns can



highlight some potential diffeences between the impact of a tax versus a size-restriction on
consumption. Whereas the tax may have limited impact on high-types who tend to be less
responsive to price, a size-restriction would directly reduce the serving size to H-types. Thus,
it is possible that the size-restriction may be more effective in curbing H-type consumption
in single-sitting situations.

One concern with any SSB regulation is that consumers might simply substitute into
other unhealthy beverages. Grogger’s (2017) study uses evidence from Mexicos soda tax,
implemented in 2014, and finds that there is little evidence that consumers substituted other
products for SSBs.

The literature on portion sizing is also relevant for our study. Portion sizes have been
examined in some detail, and evidence exists that increases in portion sizes have coincided
with the prevalence of obesity (Young and Nestle 2002). Chandon and Ordabayeva (2009)
find that consumers are more sensitive to portion changes in only one dimension - height,
width, and length - than all three dimensions. In other words, changes in size appear smaller
to consumers when changes are across multiple dimensions. This suggests that one strategy
for implementing a size-restriction is to implement it across multiple dimensions.®

Another question that might arise is whether a portion-size restriction will simply cause
consumers to buy more units of the smaller serving to undo the size-restriction. Previous
studies have shown consumers’ intake of food items tend to track the portion or serving
size, which is known as the “portion size effect” (Rolls et al. 2004; Almiron-Roig et al.
2015; English et al. 2014). This casts doubt on whether consumers would seek out larger
servings or buy additional units in an attempt to achieve some idealized level of consumption

that is independent of serving size. Vandenbroele et al. (2018) even show, using a field
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experiment, that placing smaller packages alongside the default size package can reduce
purchases of a food item. This study is particularly interesting because it virtually eliminates
the transaction cost of achieving the default serving size (per-unit prices were held constant)

but volume sold still decreased.

An intuitive overview of our model and results

Before we discuss the formal model, we will provide an intuitive overview of our model and
results. Our model is based on the assumption that retailers engage in second-degree price
discrimination. Second degree price discrimination seems to be consistent with how SSBs
are sold in single sitting venues as it is common for retailers to offer a menu of price/size
options. Theoretically, menu pricing is used in environments where the seller is imperfectly
informed about each buyer’s WTP. The seller then uses a menu to induce each consumer to
self-segment into the appropriate serving size. First-degree price discrimination can be ruled
out because it presumes that the seller can perfectly identify the individual WTP of each
consumer which is difficult to justify for restaurants or convenience stores. Third-degree
price discrimination also seems to be less consistent with the stylized facts of SSB sales.
Third-degree price discrimination does not rely on menus but instead charges consumers
different prices based on observable information that is correlated with price elasticity and
brand loyalty.”

Even casual observation at most restaurants and conveniences stores would suggest that
menu pricing is the norm not the exception. Nonetheless, it is possible that some retailers en-

gage in hybrid second- and third-degree price discrimination by conditioning the sizes/prices



of the nonlinear pricing menu on observable information such as location, demographics,
etc. that are correlated with elasticities. However, we do not build a hybrid model for two
reasons. First, it is not clear to us how common hybrid pricing is whereas menu pricing
is pervasive. Hence, the study of a hybrid model seems auxiliary rather than primary. A
second-degree model is a parsimonious framework that probably does a good job of covering
most, though not all situations. Second, it is well known that the welfare effects of third-
degree price discrimination is ambiguous and highly dependent on very specific functional
forms and parameterizations. Consequently, results generated from a hybrid model would
likely be much more dependent on assumptions, functional forms, and parameterizations rel-
ative to a pure nonlinear pricing model that imposes only minimal curvature assumptions.
Thus, we add the caveat that our welfare predictions likely hold for many, but not all sit-
uations. However, our model can easily be parameterized with specific functional forms to
allow for comparative statics of how the optimal menu responds to changes in price elasticity
or cross-price elasticity of demand. Hence, researchers interested in case-specific quantitative
results can easily extend the model as needed to account for third-degree pricing effects.
We now provide an intuitive overview of our results both in the regulated and unregulated
cases (with the SSB restriciton in place). Intuitively, nonlinear pricing is an incentive scheme
designed to induce each type of buyer to self segment by choosing the serving size meant for
that buyer. To maximize profit, the retailer would like to hold each buyer to his reservation
utility. However, it is well known from the nonlinear pricing literature that high-WTP
buyers will earn more than reservation utility by choosing a serving size meant for a low-
WTP buyer.® Thus, high-WTP buyers will have to be paid excess surplus above their

reservation utility to induce them to select the appropriate serving size. These excess rents



are called “information rents” because buyers have private information about their WTP. In
soft-drink sales, these information rents can come in the form of lower price per-ounce for
buying larger serving sizes. Also, to reduce the size of these information rents, the retailer’s
optimal strategy is to reduce the size of the small serving to below the first-best level (for
low-WTP consumers) to reduce its attractiveness to the high WTP buyers.

Now imagine that a size-restriction is exogenously imposed through government policy.
The retailer now has to reduce the size of the largest serving. To maintain incentives for
the buyers to self-select into the appropriate size, the retailer either has to make price
adjustments and /or reduce the size of the smaller serving. However, because the small serving
is already below first best, it becomes increasingly distortionary to reduce it further. On the
other hand, a reduction in the price of the large serving can be done without introducing
additional distortion. Thus, the optimal response is for the retailer to leave the small size
alone and just lower the price of the (now smaller) large serving enough to ensure that the
high-WTP buyers earn the same information rent as they did pre-policy. Similarly, low-WTP
consumers receive only their reservation utility both before and after the policy restriction.
Thus, consumer surplus for both types remains the same so long as the SSB restrictions is
not so restrictive that it causes retailers to stop using nonlinear pricing. The welfare losses

caused by the distortions created by the SSB restriction will be entirely borne by retailers.

The model

Our baseline model is a simple nonlinear pricing model in the spirit of Mussa and Rosen

(1978) or Maskin and Riley (1984) where a profit-maximizing firm (e.g. beverage retailer)



faces two types of consumers with utility functions U(0;, q) = 0,v(q;) —t; where ¢; is quantity
(e.g. size of the serving in ounces) and t; is the price paid for ¢; amount; i.e. t; is the
price for a serving of size ¢;. We let i=L denote a low-type (L-type) consumer, with WTP
parameter, 6, who consumes relatively small amounts of the beverage. We let i=H denote
a high type (H-type) consumer, with WTP parameter, 6, who consumes large amounts of
the beverage. Thus, 0y > 6.

We chose a two-type model over a continuous-type model because soft-drinks are typically
sold with only a few sizes (e.g. small or large).!'® Moreover, we assume that v'(q) > 0 and

v"(q) < 0 for all g to ensure single crossing; i.e. U(0y,q) — U(0y,q) is increasing in ¢. If the

oU(0u,9) > 8U(9L7Q)' We

utility function is differentiable in ¢, then single crossing implies that o4 04

will also assume that the principal’s cost function is ¢(¢q) such that ¢(¢) > 0 and ¢’(q) > 0
so that the cost function is increasing and convex.

The WTP parameter, 6;, is assumed to be unobservable to the retailer so first-degree price
discrimination is ruled out. The retailer only knows with probability # that a consumer will
be of a L-type.!! Thus, the retailer can only engage in second-degree price discrimination by
creating a menu of price-size packages and letting the consumer “reveal” her type by self-
selecting into her preferred package. We will henceforth refer to this as either the screening
or segmentation pricing scheme.

Since both the retailer (principal) and the consumer (agent) behave strategically, we

organize the resolution of the model as game with the following timeline of actions:

1. An exogenous (to retailers and consumers) serving size restriction is imposed.

2. The retailer chooses a discrete type of pricing scheme (to be discussed below).
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3. The retailer chooses the prices and serving sizes, given the pricing scheme.

4. The consumer makes her purchase choice.

The resolution of the model is by backward induction. First, starting in stage 4, recall that
the consumer’s WTP is private information to the retailer. Hence, if the retailer offers more
than one serving size, the retailer cannot explicitly exclude the consumer from any option.
Instead, the retailer attempts to induce the consumer to “reveal” her type by offering the
consumer a menu and letting the consumer choose an option. Ideally, the H-type would
choose the large serving size (due to her higher WTP) while the L-type chooses the smaller
size. However, the consumer will be strategic and will choose the size that yields the largest
utility. Specifically, if the retailer naively designed a menu with two serving sizes for each
type, each of which holds the types to their reservation utility, then the H-type consumer
would be better off pretending to be the L-type by choosing the smaller size (see footnote 3).
Consequently, in stage 3, the retailer needs to be strategic in choosing the optimal serving
sizes and prices by ensuring that neither type has an incentive to choose the size meant
for the other type. This can be accomplished by incorporating an incentive compatibility
constraint. Moreover, the pricing of each size serving must be subject to a participation
constraint which ensures that both types will purchase.

The principal’s (retailer’s) pricing design problem is to maximize expected profit subject

to participation (PC) and incentive compatibility (IC) constraints:

(1) max B[tz — e(qr)] + (1 — B) [t — cla)] st

qL.qH,tL,tH
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QLU(QL) — tL Z u (PC)

QHU((]H) — tH 2 HHv(qL) — tL (IC)

qrg > 0 qr, >0

where u is the utility derived from the next best alternative to consuming the beverage
(reservation utility). A standard result in the nonlinear pricing literature is that only the
L-type’s participation constraint (PC) and the H-type’s incentive compatibility constraint
(IC) bind. Thus, we have omitted PC for the H-type and IC for the L-type. Substituting
the binding constraints into the objective function yields

(2)  maxm = {0ro(qr) —u—c(gr)] + (1= B) [0nv(qu) = — (0g — 0L)v(qr) — c(qu)]

qL,9H

qg > 0 qr, > 0

The first order Kuhn-Tucker conditions are

(3) (1—=05)[0uv"(qu) — (qu)] <0 where qu >0 & 8861_qu =0
(4) B0V (qr) — d(q)]+ (1 =B)[—(0g — 0)v'(qr)] <0 where qL >0 & 3—;% =0

Moving back to stage 2, note that the above K-T conditions form the basis for three cases of
economic interest that will determine what type of discrete pricing scheme will be offered. In

case 1, the retailer serves both types of consumers. For example, with two-types, the retailer

12



might offer two different serving sizes, such as a large and a small. The cups would be
priced in an incentive compatible manner which would make it individually rational for the
H-type to choose the large.'? In case ii, only the H-type customer is served. For example,
the retailer might offer only one size that just holds the H-type at its reservation utility.
The L-type would not purchase because s/he would earn utility below his/her next best
option. Finally, in case iii, the retailer offers a one-size-fits-all cup size to serve both types
of consumers. We will treat case i as the default case because retailers typically do offer
multiple sizes to consumers. So we will assume that, prior to the size-restriction requlation,
retailers are selling to both types through second degree price discrimination.

Finally, in stage 1, the serving-size restriction is implemented. Rather than treating the
size-restriction as an endogenous policy variable within a full mechanism problem, we take
an abbreviated approach of treating the restriction as an exogenous policy variable facing
the retailer and consumer. Our approach is justified in our context because our fundamental
question of interest is how consumer welfare (and to a lesser extent, producer welfare) is
affected under varying levels of size-constraints. In that sense, our approach is no different
from how SSB taxes are typically treated in the literature where the retailer and consumers
face an exogenous tax.'*

To model the size-restriction, we incorporate the constraint ¢ < ¢ where ¢ is the maximum

allowable size. The retailer’s optimization problem, 2, becomes:

(5) maxm = B16,0(qs) — 7 — c(qu)]+(1—B) [Brrv(qur) — T — O — 01)0(an) — clan)] s

qL,9H
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Before proceeding with the analysis of the size restriction, we begin by establishing the

unregulated benchmark, which would be akin to ¢ < ¢ not binding.

Benchmark case: no regulation

Without regulation, the retailer serves both types of consumers with a menu of two serving

sizes. The K-T conditions, 3 and 4, become:

(6) 0nv'(qu) = ¢ (qm)

(1—-5)

(7) 0rv'(qr) = ¢ (qr) + 3

[0 — 01]V'(qr)

Thus, the retailer chooses serving sizes such that the H-type consumes the first-best amount
whereas the L-type gets less than first best; i.e. a downward distortion.!® This is a standard
result and the intuition is that, because H-types would earn surplus above their reservation
utility if they choose the L-type serving, the retailer has to pay an “information rent” to
the H-type for choosing the H-type serving size. One way for the retailer to reduce this
information rent is to decrease the L-type serving size. While this creates some inefficiency
and hence revenue loss from serving L-types, the tradeoff is that the retailer can lower the
information rent paid to the H-type.!®

As a practical example, if we denote the solution to 6 as ¢j; and the solution to 7 as
dr, and 32 ounces is first-best for the H-type, then ¢j,=32. If 16 ounces is first-best for the

L-type, then §; < 16.%7
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The PC and IC constraints can be used to generate the serving prices.

(8) tn = 0nv(qy) — (O — 0r)v(qe) —u

(9) tL = HLU(QL) — U

Note that the prices are set such that the L-type’s participation constraint is just satisfied so
the L-type makes no rent. The H-type’s price, however, is discounted by the information rent
(O — 01)Grv'(qr). Finally, the prices and quantities can be substituted into the objective
functions of the retailer (expected profit), and consumers (utility) to obtain value functions,

which allow us to make welfare statements.

Proposition 1. In the absence of a size-restriction requlation, the retailer’s optimal nonlin-

ear pricing strateqy yields the following benchmark results:

1. The H-type is offered a serving size that yields the first-best level of consumption, qj;,

for a price, ty, that provides an information rent driven quantity discount.

2. The L-type is offered a serving size, G, that is distorted downward relative to the

L-type’s first-best of q;. The price, tr, is set to extract the L-type’s rents.

3. The retailer’s value function (mazimized expected profit) is: 11 = (1 — B)[0gv(q}y) —

u — c(qyy) — [0 — 0c)o(qr)] + Bl0Lv(q) —u — c(qr)]

4. The H-type’s value function (welfare under the optimal nonlinear pricing scheme) is
U =1+ [0g —0.|v(GL) (earns information rents).

15



5. The L-type’s value function is U, = (earns no excess surplus).

We omit the proof as these are well-known nonlinear pricing results.

The impact of a size-restriction regulation

Having established the unregulated benchmark, we can now examine how a size-restriction
would affect outcomes. In carrying out our analysis, we continue to refer to the game-
theoretic timeline discussed earlier.

The primary impact of the size-restriction is twofold. First, in stage 3, the prices and sizes
of the beverages offered to consumers are likely to change. Second, in stage 2, it might cause
a discrete shift in the pricing strategies adopted by a retailer. For example, the retailer might
switch from a strategy of offering a menu of options to a single-price strategy. Assesing both
stages is important because examining only small continuous changes in price and quantity
responses to the restriction, as one would do in a traditional demand model, is potentially
misleading. Failure to account for discrete strategic shifts in strategy may lead to biased
conclusions.

We will proceed as follows. First, we will examine how stage 3 prices and quantity respond
to the introduction of a regulation within each major discrete pricing strategy. These price-
quantity responses are needed to determine how the retailer’s value function (profit) under
each strategy will shift in response to the regulation. Once this is determined, we can look
at the second effect, which is whether the regulation can induce the retailer to shift to a

different discrete pricing strategy in stage 2.
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Stage 3 policy impact: how do prices and quantities respond to a requlation
within each discrete pricing strateqy?

In this section, we focus on how price and quantities responds to a regulation holding the

discrete pricing strateqy fixed. The set of possible discrete pricing strategies are:

e Case ib (screening/segmentation): Sell to both types of consumers with a menu of

differentiated H-type and L-type price-size options.
e Case iib: Sell only to H-types.

e (Case iiib: Sell to both types using a one-size-fits-all pricing strategy.

Case 1b: Sell to both types of consumers with a menu of differentiated H-type
and L-type price-size options.

Referring back to problem 5, along with K-T conditions 3 and 4, note that when the con-

straint, ¢ < ¢ is binding, then the K-T conditions are

(10) Ouv'(q) > (qu) where qu =g

(11) B0V (qr) — (qr)]|+(1=8) [—(0g — 0.)v'(qr)] <0 where qL >0 & aa—qWLqL =0

In case ib, condition 10 is strictly positive whereas 11 holds with equality so that

the optimal L-type serving size, §r, must be such that ¢, satisfies 0,0 (qr) = (Gr) +
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(1;#5) [0y — 61]v'(gqr). But this is identical to 7, which suggests that if the retailer continues
to use the segmentation strategy post-regulation, it will not change the serving size of L-
types. Only the H-type serving size decreases from ¢j; to ¢. Because ¢;, remains unchanged,
and ¢j; decreases to ¢, it follows from equations 8 and 9 that ¢ty drops whereas ¢; remains
unchanged under the regulation.

As a practical example, imagine that prior to the regulation, the retailer offers serving
sizes of q7;=32 ounces and ¢;,=12 ounces. A regulation might require that ¢ = 20 ounces.
This would force qg = ¢=20, but ¢;, remains unchanged at 12 ounces.

The key results are summarized in the following lemma.

Lemma 1. Suppose that there is a size-restriction qg < q such that the retailer continues

to use a screening pricing strategy where 0 < qp, < qug = q. Then

1. The H-type’s serving size declines to qg = ¢ < qj; and tg drops from tg = 0gv(qy) —

(0[-[ — HL)’U<Q~L) —u to f?H = GHU(QA) — (GH — GL)U(QL) — ﬂ,
2. The L-type’s serving size, qr, and price, tr,, remain unchanged.

3. The retailer’s profit declines to: 1y, = B [0v(qr) — c(qr) — u] +
(1= 0) [0nv(§) = (@) = (0 — Or)v(qr) — ]

4. The H-type’s welfare (utility) remains unchanged at Ugyp = u + [0g — 0)v(qr) (still

earns information rents).
5. The L-type’s welfare remains unchanged at Uy = U (earns no excess surplus).

Proofs are in the supplementary appendix online.

18



Intuitively, a forced reduction from ¢j; to ¢ ostensibly puts pressure on incentive com-
patibility by lowering the L.h.s. of the IC constraint, 0gv(qy) — tg > 0gv(qr) — tr, via the
term Oyv(qy) which is a function of gy. To maintain incentive compatibility, the retailer
can either lower ty or qr because the latter would reduce the r.h.s. via the term, 0yv(qyr).
However, ¢ is already at a lower than optimal level and reducing it further would increase
the distortion and reduce revenue from serving L-types.

On the other hand, tg can be reduced with no cost in efficiency. To see this, note
that if we substitute the pricing function 8 into the Lh.s. of the IC constraint, we get
Onv(gn) — Onv(qn) + Oy — 0L)v(dr) + © = (0 — 0)v(qr) + @. Even if we replaced gy
with ¢, we would still get the same result. In other words, any decrease on the L.h.s. of the
IC constraint due to a reduction from ¢j; to ¢ can be completely offset by an appropriate
reduction in tz.'® Hence, the optimal response to a size-restriction is to reduce the price of

the large serving rather than reduce the size of the small serving.

Case 12b: Sell to only high types with q;, = 0

In this case, the retailer serves only H-type consumers and decides that it is too costly in
terms of information rents to also serve L-types. Neither 10 nor 11 hold with strict equality so
we have ¢j; = ¢ and q;, = 0. Because the regulation causes ¢}, to drop to ¢, it follows that the
price charged to H-types also drops from t% = 0yv(q}) —u (from case ii) to t; = Oxv(q) —.
This price drop is due to a smaller serving size not because the retailer is granting a quantity

discount driven by information rents.

Lemma 2. Suppose that there is a requlatory restriction of the form quy < ¢ and the retailer
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serves only H-type consumers. Then

1. The H-type’s serving size declines to qg = q < q3; and ty drops from t§; = 0gv(qy;) —0

to £H = GHU(Q) —U.
2. The retailer’s profit declines to: I, = (1 — B)[0gv(q) — c(q) — U
3. The H-type’s consumer welfare is: Ugyp = U (no excess rents).

A key point is that when the retailer only serves H-type consumers, it no longer needs
to pay an information rent because it offers H-types only one price-size option and therefore

need not worry about incentivizing H-types to choose the “right” option.

Case 11ib: Sell to both types with a one-sized fits all package

Another option is for the retailer to use a one-size-fits-all strategy. The optimal one-size-

fits-all strategy under a regulation is generated by solving:

(12) max [t —c(q)] st
(13) Orv(q) —t>u
(14) 0<g¢g<gq

Because 0 < 6y, H-types will always purchase so long as L-types purchase which is why
a participation constraint for H-types was not included. Solving 13 for ¢ and substituting
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into the objective function yields:

(15) mgX] [0rv(q) — c(q) — 4]
(16) 0<¢<q

which yields the first order Kuhn-Tucker conditions:

, , o on,.
(17) 0.0(q) > (q) & q<q & a—Z(q—cn:o

Solving the K-T conditions yields the following proposition.

Lemma 3. Suppose that there is a restriction of the form q < q and the retailer uses a

one-size-fits-all strategy for both types of consumers. Then

1. The quantity offered to both types of consumers is ¢ = min{q;,q} where q; is the

first-best quantity for the L-type consumer.

2. The price is t = Opv(q) — 1.

3. The retailer’s profit is: I, = O,v(q) — c(q) — w.

4. The H-type’s consumer welfare is: Upiip = U+ [0g — 0r]v(q) (excess rents).

5. The L-type’s consumer welfare is: Ury, = U (no excess rents).
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Relative to the baseline case, consumption for H-types drops from ¢j; to ¢ and consump-
tion for L-types increases from ¢y, to ¢. Using our previous example, where L-type first-best
is q; =16, a regulation of =20 would result in ¢ = 16. However, if the regulation were =15,
then g = 15.

It is important to note that, even if ¢; < ¢ (e.g. ¢;=16 and §=20) so the restriction is
not binding under the one-size-fits-all strategy, we cannot rule out the possibility that the
restriction could induce the retailer to switch to this strategy because the restriction would
have been binding had the retailer stayed with the segmentation strategy. This is the subject
of the next section when we examine the impact of the size-restriction on stage 2 behavior

of the retailer.

Stage 2 policy impact: how does the requlation affect retailers’ choice of pric-
ing strateqy?

So far, we have investigated the impact of the size-restriction on stage 3 behavior where the
retailer sets the prices and quantities, holding the discrete strategy fixed. We now investigate
how the restriction affects stage 2 behavior and whether it might cause the retailer to switch
from one type of discrete pricing strategy to another. The key to this analysis is to examine
how variations in ¢ affect the value functions (profits) of the retailer under the various pricing
strategies. The retailer will choose the strategy that yields the highest profit.

We must pay attention to a subtle but important issue related to the stringency of the
size restriction, ¢, because increasingly tighter restrictions will limit the pricing strategies

available. We partition the restriction into the following regions:
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o Region 1: q; < q<qjy
e Region 2: G, <4 <q;
e Region 3: ¢ < qr.

Recall that gj; is the first-best level of consumption for the H-type and would be implemented
by the retailer in an unregulated market. The quantity ¢j is the first-best level for the L-
type. The quantity ¢, is the optimal L-type size offered to the L-type by the retailer under

the unregulated segmentation strategy (Proposition 1).

Region 1: q7 < q < qy

Consider a restriction that is in-between the first-best levels for the H- and L-types. Return-
ing to our example, suppose that it is optimal to serve H-types a 320z beverage and L-types
a 120z beverage under a segmentation strategy. Suppose that 160z is first best for L-type.
A Region 1 restriction might be anywhere between 160z to 320z.

A key question is whether a restriction in this region would cause the retailer to move
from the baseline of the segmentation strategy (Case i) to a sell-to-only H-types strategy

(Case iib). The following proposition provides the answer.

Lemma 4. Suppose that a retailer chooses the nonlinear pricing strategy outlined in Case
i that offers different price-size packages to H-types and L-types. A regulation of the form
q < G cannot cause the retailer to switch to the strategy outlined in Case b where the retailer
chooses only to serve H-types. Thus, the retailer will adopt a strategy consistent with Case

1b over Case 1ib.
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Intuitively, the key driver of whether the retailer will switch from a segmentation strategy
to an exclusive H-type strategy is the tradeoff between losing L-type profits versus not having

to pay H-type information rents. This is expressed as:

(18) B0v(Gr) —c(qe) —u) > (1 = B)[0x — 0r]v(qr)

But 18 is completely independent of ¢ so a regulation in Region 1 would not induce the
retailer to switch away from a segmentation strategy toward a H-type only strategy.'®

The next question is whether the restriction would cause a retailer to switch from a
segmentation strategy to a single price strategy that serves both types (Case iiib). Returning
to the example, imagine a retailer who sells soda in 32 oz and 12 oz sizes at different prices.
If an SSB restriction of 20 oz is imposed, then if the retailer continues to use a segmentation
strategy, it must screen using a 20 oz to the H-type. To maintain the information rent to
H-types needed to segment the market, the retailer would have to either lower the price of
the 20 oz soda and/or reduce the L-type size. This reduces profit from the segmentation
strategy so the retailer may switch to a single size soda of 16 oz priced to serve both types.

To assess whether the retailer will make this switch, we need to determine whether a
restriction causes the inequality Il > Tl (profits from lemmas 1 and 3) to be reversed.
Writing out this inequality explicitly, we have:
(19)

BlOLv(qr) — elgr) —al+ (1= 5) [0av(q) — (O — 0r)v(qr) — c(§) —u] = Orv(qr) —clqr) —u

If the inequality holds, profit from the segmentation strategy exceeds profit from the
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one-size-fits-all strategy and the retailer will stay with the segmentation strategy.

Lemma 5. The implementation of a size restriction in the range q; < ¢ < qj; will not cause
a retailer to switch from a segmentation strateqy to the one-size-fits all single price, single

size pricing strategy identified in Case iiib.

To summarize, any policy restriction in Region 1 will not cause the retailer to switch

away from the segmentation strategy.

Region 2: g, < ¢ <q;

In this region, the size regulation is restrictive enough that it precludes the retailer from
implementing its optimal one-size-fits-all serving size of ¢;. One would assume that this
would make it even less likely that the retailer will switch from a segmentation strategy to

a one-size-fits all strategy. It turns out that this intuition is correct.

Lemma 6. The implementation of a size-restriction in the range ¢, < ¢ < q; will not cause
a retailer to switch away from a segmentation strategy to the one-size-fits all single price,

single size pricing strategy identified in Case iitb.

Continuing with our example where 320z is the first-best size for H-types, 160z is the
first best level for L-types, and 120z is the optimal size for L-types under the segmentation
strategy, a Region 2 restriction would impose a maximum size between 12-16 ounces. A
moderate restriction such as this would not cause a retailer to switch from a segmentation

to a one-size-fits all strategy.
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Region 3: q < qr,

In Region 3, the size cap is so restrictive that it eliminates the possibility of the segmentation
strategy. Continuing with our example, this would be a restriction that requires serving size

to be less than 12 ounces. The first-order conditions 10 and 11 would become:

(20) Ouv'(qu) > (qu) where qu =G

(21)  BlOcv'(qr) — (qr)] + (1 = B) [=(0m — 0L)v'(qr)] >0 where  qr = q¢(< Gr)

Thus, the retailer sets qg = qr, = ¢ so screening is no longer optimal. The retailer can no
longer engage in second degree price discrimination through serving size differentiation due
to the regulation. However, the retailer must still choose whether to set the price to serve
both types or to serve only H-types. A higher price will cause L-types to drop out of the
market but increase profit margin from serving H-types. A price low enough to cause both
types to buy would reduce profit margin but increase volume sold. To determine which is
the optimal pricing strategy, we must compare retailer profit in Lemma 2 to retailer profit

in Lemma 3.

Lemma 7. The implementation of a size-restriction in the range ¢ < qp, will cause a retailer

to switch from a segmentation strateqy to the one-size-fits all single price strategy that serves

both types if M < B. On the other hand, if M > (3, then the retailer

[0zrv(§)—c(q)—] [0rrv(§)—c(q)

will only serve H-types.
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Intuitively, a large S implies that there are more L-types in the population so that
there is higher likelihood that any given customer who enters the store might be an L-
type. Thus, ignoring this segment would substantially decrease volume sold which may not
offset the increased margin by pricing to serve only H-types. On the other hand, if 3 is
sufficiently small, then it might be profitable for the retailer to price higher to increase profit
margins from serving only H-types. The loss in volume from ignoring L-types would have
a lower impact on overall profit given that a small g implies relatively fewer L-types in the

population.

Policy implications: how does the beverage size-restriction

affect consumption and welfare?

Our model has generated a number of results about how a SSB restrictions would impact
various strategies and outcomes through a series of lemmas. We organize these results in
table 1 to provide quick reference and to enhance clarity. In this section, we will discuss the
policy implications of these results.

Note that our analysis is based on a partial equilibrium model in which we introduce no
obvious market failure so there is limited scope for addressing normative questions about
whether the government should intervene based on social welfare. One would have to appeal
to behavioral arguments (e.g. lack of self-control, hyperbolic discounting, etc.) to justify a
role for government intervention. Omne can also appeal to general equilibrium effects such

as, for example, how a reduction in SSB consumption might positively impact health care
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markets by reducing the number of unhealthy insurees. But as one of the first studies on
the economic effects of beverage size restrictions, our model does provide a useful starting
point for assessing some of the popular arguments one hears from proponents and opponents
of the policy. This type of analysis may be just as important as classic normative analysis
since policy success can often hinge on whether proponents (opponents) successfully highlight
benefits (costs) while downplaying costs (benefits).?°

The political arguments used by opponents of SSB restrictions tend to focus on how con-
sumers will be made worse off, and to a lesser extent, on how jobs will be lost in the beverage
industry. Supporters tend to focus on reduced sugar consumption with the implication that
this will lead to improved health outcomes. Our model can shed light on whether the various

political claims have merit.

Will the restriction reduce sweetened beverage consumption?

Proponents of SSB restrictions often cite the health literature on the role of SSBs in facil-
itating weight gain. In a systematic review of MEDLINE publications, Malik et al. (2006)
found that the weight of the scientific evidence suggests that there is a positive link between
SSB consumption and body weight. Therefore, the first obvious question is: does our model

predict that the restriction will reduce SSB consumption?

Proposition 2. An enforceable SSB size restriction will reduce beverage serving size to H-

types and will only reduce serving sizes to L-types if the requlation is extremely restrictive

( n.e. ¢ <qr )
Referring to table 1, one can see that the results listed in the first two rows summa-
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rize Proposition 2. While a reduction in serving size does not necessarily imply reduced
consumption, the literature on portion sizing discussed earlier suggests that consumption
tracks portion sizes. Thus, the restriction will likely reduce SSB consumption, particularly
to H-types which is likely the targeted population.

Even in cases where enforcement may be lax, there may still be some reduction in con-
sumption in single sitting environments. Practical barriers such as having to carry two-cups
instead of one or having limited cup-holders in vehicles may constrain consumption of mul-
tiple smaller sized sodas. It is also possible that consumer expectations of what constitutes
a standard serving size may adjust downward over time, just as expectations have adjusted

upwards over the last several decades with the introduction of increasingly larger sizes.

How will the restriction affect consumer welfare?

A claim made by opponents of the SSB regulation is that consumers will be harmed (Gryn-
baum 2012; Nestle 2012). Moreover, the beverage industry has argued that the restriction
would be regressive and discriminatory because it would disporportionately affect low income
and minority consumers (Grynbaum 2012). This claim has some merit as Han and Powell
(2013) find that low-income people tend to be heavier consumers of SSBs than high-income
people. Thus, low income consumers are more likely to be H-type consumers within our

model.

Proposition 3. For light to medium size restrictions in the range 4 € |41, q5] (Regions 1
and 2), consumer welfare will be unaffected. However, for highly restrictive requlations where

G < Gr (Region 3) that causes a retailer to endogenously switch from a segmentation strategy
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to a one-size strategy that serves both types, the H-type consumer’s welfare will decline while
the L-type consumer’s welfare will remain unaffected. If instead, the retailer endogenously
switches to a one-size strateqy that serves only H-types, then there will be welfare reductions

for both types of consumers.

Referring to table 1, one can see that the results listed in the third and fourth rows sum-
marize Proposition 3. Consumer welfare will largely be unaffected unless the size-restriction
is extreme enough to eliminate second degree price discrimination. This also means that an
SSB restriction is unlikely to be regressive unless the restriction is made unusually restrictive
in low-income or minority areas, a scenario that is unlikely to be feasible politically.

Note that we did not include improved health in the consumer welfare metric. We
avoided doing so because it would be difficult to pin down a precise measure of consumer
welfare gains from health improvements and any such attempts would have been fraught with
arbitrary assumptions. As such, it would have been easy for us to generate any conclusion we
wanted by strategically choosing our assumptions. Nevertheless, our result that consumers
are unlikely to suffer welfare losses from a size-restriction holds despite the fact that we likely
underestimated benefits to consumers.

Finally, by not including health benefits, our results are robust to substitution effects
where consumers switch to other unhealthy products. For example, Dubois et al. (2018)
show that the health benefits from banning advertising on potato chips are likely to be
mitigated by consumers switching to other junk foods. By not including health benefits in
our consumer welfare metric, it is as if we have assumed that SSB health benefits are zero

or have been completely offset by substitution.
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How will the restriction affect retailer welfare?

Opponents of SSB size restrictions also highlight the potential for job losses and harm to
small businesses in the beverage industry (e.g. Kennedy (2012)). Our model shows that

these claims are legitimate.

Proposition 4. The retailer will unambiguously suffer a loss in expected profits for binding

beverage restrictions of any size.

The sell side of the beverage industry will bear the brunt of the efficiency losses from
the regulation. Given the reduction in industry profits, one can naturally expect that some

small businesses will be harmed and there is potential for job losses.

Conclusion

This paper studies the economic effects of size-restrictions on sugar sweetened beverages
(SSBs). The goal of this paper was not to advocate for or against SSB size restrictions but to
outline the economic effects, including whether the restriction will reduce SSB consumption,
and what the welfare effects are to consumers and retailers.

Our key findings are that an enforceable regulatory restriction on beverage sizing will
likely reduce consumption, particularly to high consumption consumers. Surprisingly, we
find that consumers will not suffer welfare losses under small to moderate restrictions. Thus,
claims that consumers will be hurt are likely to be based on political rather than economic
considerations. All policy induced welfare losses from consumption inefficiencies would be

borne by sellers. Our study is the first that we are aware of that can provide policy makers
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with economic insights about the potential winners and losers from beverage size restrictions.

One concern that may arise is that there is potential for leakages in that consumers
can circumvent a size-regulation by traveling outside the regulated area to purchase SSBs.
This has also been a concern for the efficacy of SSB taxes. For example, after Philadelpha
implemented a 1.5 cent per ounce SSB tax, sales of SSBs fell substantially within the city
where the tax was in force, but rose just outside the city LaVito (2017). It appears that the
leakage came from consumers driving outside the city limit and stocking up on SSBs. This
concern, however, is less of an issue for policies that target single-sitting consumption that
occurs in restaurants or convenience stores where it is more difficult to stock-up.

We would also like to address potential limitations of our model. First, our model is
only a two-type model rather than a continuous type model that is often used in theoretical
papers on nonlinear pricing. We chose a two-type model because even an n-type discrete
model with n > 2 may be overkill for our problem. Under optimal nonlinear pricing, the
number of sizes in a menu equals the number of types. So a continuous type model would
result in a continuous number of sizes and an n > 3 model would result in n > 3 number
of sizes. This would not be consistent with stylized observations of typical single sitting
fountain drink options at most restaurants or convenient stores. Having said that, some
retailers offer three sizes while others offer only two sizes. In the end, we decided to go with
the two-type model because it is considerably simpler than the three-type model and the
most important insights such as downward distortion to the low-type, optimal consumption
by the highest type, and information rents are captured by the two-type model. The three-
type model would deliver additional insights, but they tend to be peripheral at the cost of

substantial complexity. For example, a well known result in the nonlinear pricing literature
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is that, if a third-type is added who falls between the low and high types, the third-type
would receive some information rent, though not as large as the high types’s while having
its consumption distorted downward away from first-best, but not as much as the low-type’s
distortion. In other words, results for the middle type would resemble a linear combination
of the high and low types. It should be obvious that our key result that consumer welfare
will not be impacted by the restriction would continue to apply.

Second, while our results were derived focusing on a monopolist retailer who engages in
second degree price discrimination, Stole (2007) points out that, for a large class of models,
the primary impact of oligopolistic competition on nonlinear pricing is to reduce distortions
(e.g. to low-type consumers), and to reduce price levels.?! Moreover, the reduction in price
levels benefits consumers leaving them with greater surplus. Thus, much like our omission
of health benefits, our main result that consumer welfare is unaffected by the policy holds
despite the fact that we underestimated consumer welfare by using the monopoly model.

Third, we measure consumer welfare from the consumption of SSBs based on standard
utility theory. We do not integrate behavioral theories or psychological welfare losses. We
felt that, as an early study, we should build a model based on classic assumptions and first
principles. This then provides a useful foundation for incorporating extensions that allow
for a nuanced comparison of how results might be affected by different behavioral forces.
Another limitation to our study is that we have no data to test the predictions of the model.
However, an applied theoretical analysis is the only feasible way to study the potential impact
of a soft-drink portion size restriction at this time since portion restrictions have only been
proposed but not implemented in practice. Hence, there is no available data. Nonetheless,

our model can provide a theoretical framework for future empirical work.
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A final limitation is that we do not evaluate a portion-size restriction that includes
explicit limits on quantity of servings purchased. Thus, under the assumptions of our model,
we cannot rule out the possibility that consumers might purchase additional servings under a
size restriction. While the literature on portion-sizing that we discussed earlier suggests that
consumers might not purchase additional servings in single-sitting environments, a targeted

study may be needed to draw more definitive conclusions about the quantity effect.
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Footnotes

'In other words, our results hold despite the fact that we stacked the deck against ourselves by not
including health benefits. Another way to view this is that consumer welfare will be unaffected even if SSB
restrictions yield no health benefits.

2We recognize that policy pandering to consumers might be an effective strategy for those who oppose the
policy-restrictions on food /beverage marketing. However, our goal is not to study strategic public campaigns,
which might be an interesting topic for future research, but rather to highlight the economic tradeoffs of the
beverage restriction policies.

3For example, when economists study the impact of taxes, they typically strip away the statutory de-
tails/loopholes, and ignore tax avoidance schemes.

4Internationally, various forms of SSB consumption restrictions have shown up such as France banning
unlimited refills of SSBs in restaurants de Freytas-Tamura (2017). While not explicitly a size restriction,
the French regulation is intended to achieve a similar end result by reducing consumption of SSBs in a
single-serving setting.

°In single sitting environments, consumers often only purchase one serving of a SSB. In the worse case
scenario, a size-restriction can include accompanying enforcement rules that limit the number of servings
and/or refills per-customer. Limiting quantity is not unheard of in retail environments especially during
promotion periods.

50Qur model does not capture these nuances in packaging. However, specifying a model that captures these
nuances would become excessively complex and would likely reduce rather than enhance clarity. Nevertheless,
our model can serve as a useful starting point for further analysis and the reader should be aware that our
results can either be amplified or mitigated by the manner in which the restriction is packaged.

"Chandra and Lederman (2018) point out that brand loyalty, as measured by the strength by cross-
elasticities of demand, is a significant factor for third-degree price discrimination in oligopolistic settings.

8Intuitively, the small serving is designed to provide just enough consumer surplus to the low WTP

consumer such that it covers that consumer’s reservation utility from not purchasing. However, high WTP
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consumers have higher WTP and would therefore earn excess consumer surplus by choosing the same package
as low WTP buyers.

9Tirole (1988) (section 3.3.3 starting page 149) points out that quality discrimination is very similar to
quantity discrimination in the nonlinear tariff. In fact, by simple relabeling of variables, the quality model
can be transformed to the quantity model and vice versa. Thus, at a formal level, the two models are
identical and yield the same results

0The packaging of base units (ounces) into package sizes (cup sizes) is basically a mechanism design tool
for implementing nonlinear pricing. That is, the mechanism designer (in this case, the retailer) designs
packages (e.g. cup size consisting of a certain number of ounces) and charge consumers a cup price, taking
into account the consumers underlying per-unit demand function. The seller creates these packages (cup
sizes) at a particular package price to deliver these units to the various segments in an incentive compatible
manner. In other words, the package size is simply a screening tool for the seller, nothing more. Consumers
do not have some inherent preference for sizes aside from the ability of each size to deliver some number of
base units at for some package price. In most textbook second degree price discrimination models, there is
an underlying per-unit demand function but it is not made explicit but can easily be backed out from the
consumers utility structure and first order conditions. But the solution is not typically presented in terms of
demand per unit because the mechanism designer creates bulk packages of units and prices these packages to
induce self-selection so the unit demand operates only in the background. As a practical example, fountain
soda is often priced by the cup and there is rarely a per ounce price listed. This does not mean that consumers
ignore how many ounces a cup provides nor does it imply that consumers dont have an underlying demand
function for quantity.

1Tn the standard nonlinear pricing model, the probability B represents the fraction of L-types in the
population of consumers. The fraction of consumers of a given type is typically treated as fixed and therefore
B is exogenous. The challenge for the retailer then is to find an optimal nonlinear pricing strategy to segment
the L- and H-types taking the distribution of types as fixed.

12The L-type would never choose the large because s/he would derive less utility than choosing his/her

next best option.
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13Cases ii and iii could be relevant in that a size-restriction can potentially cause the retailer to switch
from case i to one of these cases. Thus, we still provide a treatment of case ii in the supplementary appendix
online. Case iii is treated in a subsequent section The impact of a size-restriction regulation.

Qur goal is not to derive the optimal size regulation, which would require a far more elaborate model
and impose assumptions about the social benefits of the health regulation and where the market failures
are in health markets and outcomes. If health benefits from the size-restriction were zero, then the optimal
size-restriction would trivially be no restriction at all. While interesting, this would distract us from our
primary goal.

5Downward distortion occurs because marginal cost is inflated by the amount (1;?/3) [0 — 0] v (qr) in
equation 7. This term is positive so long as 6 > 6, and v'(q) > 0 which are true by assumption.

16The need to maintain incentive compatibility due to unobservable types means the high type will always
make some rents. This contrasts first-degree price discrimination where the retailer can perfectly identify
the WTP of each customer and extract that customer’s rents. Moreover, second degree price discrimination
does not preclude competition. Tirole points out on page 152 that most second degree price discrimination
takes place in oligopolistic markets Tirole (1988)

"The exact size of the L-type serving size depends on the value of specific parameters.

80ne condition that must be satisfied, however, in order to make screening possible under §, is that
ty > tr. This is easily satisfied, however, since t = Ogv(§) — (0 — 0)v(Gr) — @ > Opv(G) — @ = tr
reduces to v(§y) > v(qr), which implies that §g > ¢ by the assumption that v'(g) > 0 for all g. One might
also be concerned that, with a regulation, the IC constraint for the low-type may actually be relevant, even
though in the unconstrained model, only the high-type IC matters. However, one can easily show that the
low-type IC is also implied by v(§g) > v(Gr) or ¢y > qGr,

19We must also account for the possibility that serving the high type with the segmentation strategy will
still yield positive profits given the information rent. Thus, consider the profits from serving high types

under the segmentation strategy, which is (1 — ) fraction of profits:

(22) Orv(q) — (@) — (0n — 0)v(GL) —u
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Consider the most restrictive ban within this region; i.e. ¢ = ¢r. Substituting ¢ = ¢, into 22, rearranging
and canceling terms yields Ov(¢r) — ¢(¢r,) — . Note that this is always positive so long as serving the low
type yields positive profits. So in general, we don’t have to worry about negative profitablity from serving
high-types as long as it is profitable to serve low types.

20We leave it to other researchers to extend our basic model in the future to examine behavioral or general
equilibrium effects.

21Under perfect competition, there is no scope for nonlinear pricing due to the law of one price. However,
the fact that we frequently observe menu pricing at SSB retailers casts doubt on perfect competition in this

market.
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Table 1: Qualitative Impact of a Size-restriction (Relative to No Regulation)

SIZE OF THE RESTRICTION

Region 1 (light) Region 2 (medium)  Region 3 (heavy)

(g7 <4 < qy) ((<q<q) (G <L)
H-type serving (qu) Decrease Decrease Decrease
L-type serving (qr) Unchanged Unchanged Decrease
H-type consumer surplus Unchanged Unchanged Decrease
L-type consumer surplus Unchanged Unchanged Weakly decreasing®
Producer/seller surplus Decrease Decrease Decrease
Seller’s optimal pricing strategy Unchanged Unchanged Switch to

single-price strategy®

?See Proposition 3 for conditions under which the L-type consumer surplus will decrease.

®The single-price strategy can be priced to serve either H-types or both types. See Lemma 7
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