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ABSTRACT. We develop a mathematical model of obesity in which
individuals value consumption but also have a concern for their body
weight, a concern that may be influenced by peers and that may be
hampered by a lack of self-control. Our model is thus focused on the
interplay between economic, social and psychological factors. It is general
but yet tractable enough to permit analysis of a range of factors that have
been put forward as relevant to obesity. The model sheds light on stylized
facts about the obesity epidemic of the last thirty years and can be used
to numerically simulate policy effects and as a workhorse in theoretical

and empirical research of obesity.

Keywords: Obesity, fitness, peer effects, social norms, equilibrium,

policy.

1. INTRODUCTION
While past increases in population weight were health-improving, the wide-
spread increase in weight in recent decades has taken many above medically
recommended weight levels (Fogul 1994). Obesity is today prevalent in many
countries.!?> Despite being associated with increased rates of death from car-
diovascular disease, diabetes, stroke, specific cancers and all-cause mortality,
obesity rates continue to rise.® This rise in BMI and obesity levels of recent

decades exhibits two features that have been much commented on. One, the

*We thank the Knut and Alice Wallenberg Research Foundation for financial support and
Kristaps Dzonsons for excellent computer simulation work. We thank Mary Burke, Sanjeev
Goyal, Frank Heiland, Andrew Oswald and Tomas Philipson for valuable comments.

IBMI is defined as body weight, measured in kilograms, divided by the square of height,
measured in meters. Obesity is defined as a BMI of 30 or over, while a BMI between 25 and
30 is classed as overweight, and a BMI at 18.5 or below is underweight.

2Flegal et al. (2010)

3Prospective Studies Collaboration (2009); Berrington et al. (2010)
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evolution of the obesity epidemic itself: obesity levels remained relatively flat
between 1960 and 1980 and then rocketed between 1980 and 2000. Two, in
developed countries, obesity occurs disproportionately among the poorer and
less educated. Overweight and obesity constitute not only health risks to indi-
viduals, as described above, but impact societies as a whole through the effect
on health care systems, lost work days, and productivity. Each of these as-
pects is important in itself and makes the empirical and theoretical study of
individual choice and behavior with regard to body-weight an important one.
A recent article in the Lancet (Swinburn et al. (2011)) suggests ‘the challenge
is to reduce the complexity of obesity enough so that it can be understood by
researchers, policy makers, and the public without becoming overly simplistic’.
We here take on this challenge.

We present a theoretical framework within which obesity arises as a socio-
economic equilibrium phenomenon. Equilibrium always exist (under standard
regularity assumptions), but there may be more than one equilibrium at given
prices and incomes. Our aim is to provide a family of operational parametric
models that can be used as workhorses for researchers who study obesity, the-
oretically or empirically, models that are transparent, easy to use and yet rich
enough to capture key phenomena surrounding obesity. The framework we pro-
pose is a slight extension of the standard microeconomic model of the consumer.
The additional elements are (1) a metabolism function that determines body
weight from the individual’s consumption pattern (including food intake and
exercise), (2) an ideal body-weight and desire to stay at or near that ideal, (3)
a potential lack of self-control in consumption concerning the effects on body
weight from consumption, and (4) potential peer effects on body-weight ideals
and deviations from these. We imagine a finite population of individuals who
face the same market prices but who may differ in income and preferences, and
also in the four mentioned dimensions. In particular, some may have a more
efficient metabolism, a lower ideal body-weight, more self-control and be more
sensitive to peers’ fitness than others, etc. Individuals are tied together by
peer effects, which are channeled through some pre-existing social network, and
where one’s peers fitness may affect one’s feelings about own fitness. We know
of no other theoretical framework that encompass all these aspects.

Our focus is thus on the consumption side of the matter, rather than on

production and technological change. This is not to deny the importance of

4See Finkelstein et al. (2005) for a discussion and references on the annual healthcare costs
and predicted lifetime healthcare costs of obesity, as well as costs due to lost productivity.
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technological change for the obesity epidemic. Since the 1960’s, significant tech-
nological development has taken place in food processing. This change has had
a strong influence on consumption patterns, in particular cooking and eating
habits. However, this channel, from technological change through market prices
to obesity, has been analyzed before, see Culter et al. (2003), Lakdawalla et al.
(2005) and Lakdawalla and Philipson (2009). Arguably, there is now more need
to deepen our understanding of the consumption side of the matter.

Why is the framework we present here a good way to model the determi-
nants of body weight? The basis of the framework holds that an individual
cares both about his or her consumption and also about his or her physical
fitness. In the present context, physical fitness is represented by how close an
individual is to his or her healthy or ideal weight (later on we indicate how
this can be generalized to include a concern for fitness rank). Indeed, this is
how health economists have modelled behavior at least since Grossman (1972):
an individual decision-maker balances the trade-off between consumption and
investment in health. We here look in depth at this trade-off when it comes to
body weight and obesity. An analysis of the determinants of body weight has,
of course, the added feature that food consumption increases weight and so it
is not only the case that spending on consumption crowds out investment in
health (for budget reasons), but consumption can have a direct effect on health.
In previous work on obesity, Lakdawalla, Philipson and Bhattacharya (2005)
and Lakdawalla and Philipson (2009) examine a dynamic three-goods model
where individuals care about food, other consumption, and body weight.® They
focus on incorporating this model with the supply side (changing prices and
technology) and leave room for further development of the consumption side,
which we take up here.

We use the set-up described to think about the context in which individuals’
body weight is determined. It is clear that the context is not the same for the
rich and poor of this world. An individual with high income facing low food
prices has the opportunity to consume a bundle of goods that results in weight
above his or her ideal. This individual thus faces a decision of how much to
reduce, or alter the composition of food consumption in order to avoid being
over-weight. An individual at the other end of the spectrum, facing high food
prices and having a very low income, may not have the opportunity to consume

so much food that this results in being over-weight. This individual instead faces

5See also Cutler, Glaeser and Shaprio (2003), Burke and Heiland (2007), Dragone (2009)
and Dragone and Savorelli (2012).
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a decision of how much to substitute towards food and away from other goods in
order to improve his or her physical fitness by way of increased body weight. We
identify these two situations in our formal model and refer to them respectively
as living in, or not in, nutritional affluence. While the model encompasses both
situations, it is clear that the results will differ between the two situations and
this distinction is vital to any analysis.

We show that a larger budget set endogenously alters the trade-off between
consumption and physical fitness, increasing the importance of fitness relative
to consumption. Thus richer individuals, with the same preferences and self-
control as poor individuals, behave as if they placed more ‘importance’ on phys-
ical fitness and as a result may ultimately be more fit. This qualitative result
is transferable to other ‘bad behaviors’ such as smoking. Health-economics
is concerned with why poorer individuals might engage more in ‘bad’ health
behaviors, such as over-consumption of unhealthy foods and smoking, despite
these habits being both economically costly and costly to health.®” We are not
aware of another model which shows that this result will arise (and why) simply
from the individual’s trade off between consumption and health.

Outside the literature on health behavior, Banerjee and Mullainathan (2010)
propose another model of consumption decisions, a model that, like ours, ex-
plains why the behavior of the poor may be seemingly more myopic, without the
poor necessarily having different time preferences than the rich. In their model,
people move consumption closer to the present to avoid their future selves wast-
ing money on “temptation” goods. An increase in income — and thus increased
consumption — results in a larger decrease in the marginal utility of temptation
goods than of non-temptation goods, and so richer individuals end up spending
a smaller fraction of their last dollar on the former.

Our model also incorporates the possibility of social influences. More exactly,
we allow an individual’s perception and valuation of his or her own physical
fitness, both in terms of fitness ideals and in terms of discomfort from deviating
from such ideals, to be more or less influenced by the fitness of peers. There is

a growing literature examining the possibility of peer effects in weight gain and

6This is not to deny the possibility that it is not only real income that matters. There
could of course be an underlying factor that results both in low income/education and obesity.
One such factor is present in our model: self-control. Individuals with low self-control may
end up with lower education, income and obesity. See Heckman and Kautz (2012) for results
pointing to this possibility.

" Also to explain educational differences in BMI, Burke and Heiland (2006) assume there to
be a higher cost of non-conformity to the group weight norm on those with a higher education
status.
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how, when peer effects are present, the same reduction in the price of food can
result in a greater increase in BMI as a result of the social multiplier.® Burke
and Heiland (2007) calibrate a model of peer effects with falling food prices and
show that including peer effects allows them to better match the BMI changes
that occurred from just before 1980 up to 2000. To fully understand the current
obesity epidemic, one would have to explain why the multiplier effect seems to
have kicked in only around 1980 and not when food prices fell in the 1960s and
1970s. Our theoretical analysis provides such an explanation: with a gradual
fall in the price of food, peer effects may well initially produce relatively small
increases in BMI, followed by a sharp increase. Further, substantial peer effects
will only kick in when food prices are low enough. This is again due to the
individual’s trade-off between consumption and physical fitness. This appears
to be a novel explanation of why we might see a sharp rise in BMI or obesity
levels when prices are low enough and deepens our understanding of how peer
effects would work as regards weight gain and obesity.

While our model allows for the possibility that some or all individuals may
not have full self-control when it comes to the effects of consumption (say food
and exercise) on their fitness, this feature is not critical to any of the results we
find. Indeed, in the parametric specification that we mostly focus on, a lack of
self-control has exactly the same effect as a lack of sensitivity to one’s fitness
(all results depend only on the product of these two parameters). Thus while
we do not rule out the possibility of temptation and a lack of self-control, we
subscribe to the view of Lakdawalla et al. (2005) that ‘a neoclassical interpre-
tation of weight growth that relies on changing incentives does surprisingly well
in explaining the observed trends, without resorting to psychological, genetic,
or addictive models.’

The rest of the paper is organized as follows. The general model is presented
in Section 2. Section 3 introduces a flexible parametric form of the model
and establishes the existence of equilibrium. We then focus on the special
case of only one weight-enhancing good and examine the comparative-statics
properties of the model; that is, how an individual’s BMI is affected by prices,
income, preferences, physiology and self-control. Section 4 examines empirical
evidence relating to the comparative-statics properties discussed. Section 5
builds on the findings in Section 3 and 4 to investigate the impact of fat taxes.

Section 6 studies peer effects and the possibility of multiple equilibria. Section

8See Cohen-Cole and Fletcher (2008) for a discussion of the difficulties of empirically
identifying peer effects in health outcomes.
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7 discusses the obesity epidemic in the light of our model. Section 8 concludes,

and mathematical proofs are given in an Appendix at the end of the paper.

2. A THEORETICAL FRAMEWORK
Consider a society consisting of n individuals i € I = {1,...,n} and m goods
k € K ={1,..m}. Each individual i chooses a vector of goods, or a consumption

pattern, v; = (Ta Tia, - . ., Tim), from her budget set

B(p,Y;) = {xieRT:meikSE} (1)
k=1
where p = (p1, ..., pm) is the price vector and Y; is ¢’s disposable income. In this
study, we will treat all prices and incomes as positive, and focus on individuals’
consumption patterns at given prices and incomes. An individual’s BMI, w;,
is determined by her consumption pattern and her metabolism, w; = ¢,(x;).
We will call ¢; i’s metabolism function, and assume ¢, to be exogenously given
and continuous. The vector x = (21, ..., x,) € R will be called the population
consumption-profile and the accompanying vector w = (wy, ..., w,) € R’}, where
w; = ¢;(z;) for each individual j, the population BMI-profile.

The only way in which the individual can influence her BMI — given her
metabolism function — is by changing her consumption pattern. When choosing
her consumption pattern, the individual is concerned both with the enjoyments
associated with consumption per se and with the consequences for her BMI.
Each individual 7 thus has two components of utility. One component, denoted
u;(x;), is the subutility from (own) consumption, to be called the subutility from
consumption. The second component of utility is the individual’s satisfaction
(or dissatisfaction) with own BML® We allow this utility component, denoted
v; (W), to depend both on her own and others’ BMI. We call v; (w) the subutility
from fitness.'®

We assume that both w; and v; are continuous, that wu; is strictly quasi-
concave and strictly increasing in all its arguments, and that, for any given

BMI-profile w, the fitness subutility is strictly quasi-concave in ¢’s own BMI,

9There are a number of reasons why individuals care about their weight. Overweight
and/or underweight individuals face physical costs (Wang et al., 2011) including health costs
and inability to perform tasks, as well as social and economic costs including disadvantages
in job markets (Cawley, 2004) and marriage markets (Carmalt et al., 2008).

1080 far, we have not departed from standard microeconomic theory, which permits a
consumer’s utility to depend more or less arbitrarily on the consumption pattern; we have
only given this dependence an explicit structure that will facilitate the subsequent analysis.
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w;, with a unique maximum point, to be called individual ¢’s ideal BMI — at
the given BMI-values for all others.
By contrast, the individual’s actual or equilibrium consumption pattern, z;,

maximizes a weighted sum of consumption and fitness utility,
Ui(x) = Inw;(z;) + 5; - Inwv; (w)

where 3; € (0, 1] is the weight attached to fitness, and w; = ¢; (z;) for j =1, ..,n
(hence each individual’s total utility is a function of the whole population con-
sumption profile). We think it is realistic to allow for departure from the stan-
dard rationality assumptions of economics when modelling individual decision-
making in this context. In particular, the parameter 3, can be viewed as a dis-
counting, at the moment of the actual consumption choice, of the importance of
fitness (which in practice comes only with a delay) in comparison with the (in-
stantaneous) gratification from consumption. We scale the subutility functions
in such a way that an individual with full self-control would give equal weight
to both subutility components (3, = 1). Hence, a value 3, < 1 will be inter-
preted as imperfect self-control.'! While we here use the term ‘self-control,’ this
potential discrepancy could be the effect of other causes discussed in the health
literature such as poor cognitive abilities, see Goldman and Smith (2002), Auld
and Sidhu (2005) and Cutler and Lleras-Muney (2010).

In order to allow for endogenous peer effects, we view the n individuals as
‘players’ engaged in a simultaneous-move ‘game’, in which each player ¢ chooses
a ‘strategy’ z; € B (p,Y;) that maximizes her ‘payoff’ U;(x) (hence allowing for
imperfect self-control). A pure-strategy Nash equilibrium is thus a population

consumption profile x* € R’ such that, for all individuals i € I,

x; €arg max U;(z;,x*, 2

Pearg max Uileix') @

where (x;,x*;) € R is the consumption profile that results if individual i
consumes x; while all others consume according to the profile x*. We will
henceforth refer to pure-strategy Nash equilibria as population equilibria. In

such a population equilibrium x*, #’s consumption pattern, z}, will be referred

"The factor 3; can be interpreted as e~"i!, where r; is the individual’s subjective discount
rate and ¢ is the lag between consumption and weight increase. Indeed a recent body of work
has focused on modeling the dynamics of weight loss. As a rule of thumb they suggest that a
given change of energy intake per day will result in an eventual weight change, however, only
half of that eventual weight change will be achieved within a year and 95% in 3 years. See
Hall et al. (2011) for a summary piece in the Lancet.



OBESITY AS A SOCIAL EQUILIBRIUM PHENOMENON 8

to as her actual or equilibrium consumption, and we will call w} = ¢, (x7) her
actual or equiltbrium BMI.

Recall that an individual’s ideal BMI is defined as the unique BMI-level that
maximizes her subutility from fitness, v; (w), given a BMI profile for all others,
w_; € Ri‘l. We denote i’s ideal BMI by w; (w_;). By contrast, an individual’s
unconcerned consumption is the consumption that results if she had no concern
at all for fitness and simply maximizes her subutility from consumption. An

individual’s unconcerned BMI, w¢, is thus defined by w$ = ¢,(z?) where

o
xf € arg max  u; (x;).
©;€B(p,Ys)

The existence and uniqueness of such an unconcerned consumption pattern, x¢,
follows from our assumptions.'?

Consider an individual ¢ with a concern for her fitness who (a) could afford
to consume more than is required for her ideal BMI (which may depend on
others’ BMI), and (b) would have done so, had she disregarded the fitness
consequences of her consumption. Arguably, an overwhelming majority of the
current populations of developed countries live in ‘nutritional affluence’ in this

sense. To be more precise, we define this concept as follows:

Definition 1. Individual i lives in a situation of nutritional affluence if her
unconcerned BMI is greater than her ideal BMI.

(We note that a change in others’ BMI levels, ceteris paribus, may change an
individual’s situation towards or away from nutritional affluence.) The actual
or equilibrium BMI of an individual who lives in nutritional affluence is, as one

would expect, never below her ideal BMI:

Lemma 1. The equilibrium BMI of any individual who lives in nutritional

affluence weakly exceeds her ideal BMI.

(For a proof, see Appendix.) Although we will here focus on the case of nutri-
tional affluence, the model can equally analyze consumption and BMI decisions
made by individuals living in nutritional poverty (below nutritional affluence).'?

We proceed to render the above general model in flexible parametric form.

12The continuity of the subutility function in combination with the nonemptiness and com-
pactness of the budget set implies existence. The strict quasi-concavity of the subutility
function in combination with the convexity of the budget set implies uniqueness.

13We will not, however, examine aneroxia in affluent societies. See Dragone and Savorelli
(2012) for an analysis. While this is an important topic, it represents a much smaller propor-
tion of the population in the US relative to those who are overweight or obese.
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3. A PARAMETRIC SPECIFICATION
Following previous literature (Cutler, Glaeser & Shapiro, 2003) we henceforth

assume each individual’s metabolism function to be affine:
m
wi = ¢ (2:) = > O — & (3)
k=1

where 0;;, > 0 when consumption of good % increases BMI (such as food),
0;x < 0 when consumption of good k reduces BMI (such as exercise), and

0;x = 0 when good k has no impact on BMI.

Remark 1. One may think of the metabolism function as the steady-state
BMI, given daily food consumption xy;. 'To derive the metabolism function
consider the dynamic weight equation: W, = W,_1 — v - BM R + 0.9F},, where
v > 0. Current weight is a function of past weight W, 1, the basal metabolic
rate (BMR) which measures the calories expended simply to keep the body
functioning at rest, and food intake F; of which ten percent is lost to the thermic
expenditure of consuming food.!* The basal metabolic rate is estimated to
be affine in weight, BMR = a + bW, with a > 0 and b > 0 (see Schofield,
1985).1% Substituting this into the dynamic weight equation and rearranging
terms to find steady state weight as a function of a constant food intake: W =
(0.9F/~ — a) /b. BMI divides weight in kilograms by the individual’s height in
meters squared and so the above derivation implies we can write the metabolism
function as w; = 0;x1; — &; where #; > 0 and ¢; > 0. The parameters 0; and ¢;
incorporate idiosyncratic factors such as height and metabolism. For example,
if a represents the idiosyncratic part of the metabolic rate, then this shows up
in our metabolism function in the term e; where a higher ¢; represents a faster
metabolism.'®

Second, we assume ¢’s subutility from her own physical fitness to be a bell-
shaped function of her BMI, given others’ BMI,

v; (W) = e_Ui‘(wi_Mi)2/2 (4)

14This can also be adapted to include energy expenditure from exercise.

15A BMR that is linear in weight is common in predictive work. However, there are some
studies that question this relationship in favor of declining marginal effects of bodyweight on
basal metabolic rate. See Burke and Heiland (2007) for a discussion.

16See Ravussin and Bogardus (1989) for details on idiosyncratic metabolic rates.



OBESITY AS A SOCIAL EQUILIBRIUM PHENOMENON 10

where u;, and o; are positive continuous (real-valued) functions of the BMI-
profile of others, w_; . With fitness subutility represented in this form, i’s
ideal BMI is simply pu,, and o; reflects how fast i’s satisfaction with own fitness
decreases as her actual BMI deviates from her ideal BMI. We thus term o; the
fitness sensitivity parameter (which, like y,, is allowed to depend on w_;). For
individuals with a BMI close to their ideal, a moderate weight increase initially
has little effect on their fitness utility but then picks up as BMI deviates further
from the ideal and finally the marginal effect decreases again as BMI deviates

very far from ideal.

Remark 2. We have defined an individual’s total utility as the sum of the
logarithms of his or her subutility from consumption and from fitness. Given
others’ BMI values, the logarithm of fitness utility, —o; - (w; — p1;)* /2, is a
quadratic “loss function” and hence the marginal effect on total utility of a
change in body weight is always increasing as the individual’s BMI deviates

further from her ideal.'”

Thirdly, we assume that consumption utility exhibits constant elasticity of

substitution (CES):
m 1/pi
;) = <Z ozik:cf,i>
k=1

for p; < 1, and for ay, positive and summing to unity.!® Each parameter oy,
represents the intensity of individual i’s desire for consumption good k, and p;,
represents the degree of substitutability between goods.

Combining the three parametric specifications above, we obtain

2

Ui (x) = iln (Z aikib’ip;i> ﬁ Uz (w-i) [Z Oinin — i (W) (5)

where w; = ¢;(z;) and the functions ¢; : R"™' — R and y; : R*' — R are

continuous.

17 According to professor Stephan Rossner at the Karolinska Institute in Stockholm (oral
communication), this agrees with empirical observations. Also Lakdawalla, Philipson and
Bhattacharya (2005) use a quadratic loss function.

8This is a well-known parametric form in the economics literature. As p, — —oo it
approaches a Leontief function, for p; = 0 it can be idenfied with a Cobb-Douglas function,
and as p; — 1 it approaches a linear utility function.
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If good k is consumed in a positive amount by individual ¢, then its marginal
utility to individual i is well-defined (holding others’ BMI levels fixed):

6’xik

-1
oU; 1 [
(x) = aali t (Z Oéikmf}:;> = Bioib - (wi — p;) (6)
k=1

This marginal utility is continuous in z; and tends to plus infinity as consump-
tion of good k tends to zero. Hence, it is never optimal for a consumer to
not consume a good, so z;; > 0 for all individuals ¢ and goods k. Under the
above parametric specification of our general model, the existence of at least

one population equilibrium is established by standard methods:

Proposition 1. If all individuals have utility functions of the form (5), for
p; < 1, and with p, and o; continuous (in others’ BMI), then there exists a

population equilibrium. Moreover, all population equilibria are interior.

(For a proof, see Appendix.)

Henceforth we assume p; and o; are independent of others’ fitness and return
to the question of peer effects in section 6. We will also hereafter assume that
the budget constraint is binding; a sufficient condition for this is that at least one
good has a non-positive effect on body weight, 0;, < 0 for some k.! Demand

for good k can be written as a fixed-point equation:

[Oéik/Pik (wi)]l/(lfpi)
Tik = 1/(—p0)
> n P [/ P (w;)] :

Y, VkeK (7)

where v
Py, (w;) = {1 + 3,04 (ezkp_z —w; — 5i) (w; — M)] Dk
k

is a factor that depends on own body weight w; which in turn depends on the
individual’s consumption pattern z; according to (3). The model is solved by
simultaneously solving the m equations (7).

In the special case of no concern for fitness, o; = 0, we have Py, (w;) = px

and the fixed-point equation (7) produces the familiar solution

)1/(1—/%)
)1/(1#)2-)

2° — (Oéik/pk
ik = <—m
thl DPh (aih/ph

Y Vk e K

YLet A; > 0 be the Lagrangian associated with individual i’s budget constraint. The
marginal utility of money, )\;, is then positive since the consumer always has positive marginal
utility with respect to such a good k.
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or indeed, when o; = 0 and p;, = 0, the Cobb-Douglas solution z}, = ;Y;/pk.
When individuals —more realistically— have some fitness concern, o; > 0, the
factor Py, (w;) may differ from the market price, pr. What then can be said
about an individual’s equilibrium consumption pattern and body weight? The
factor Py (w;) also accounts for the individual’s metabolism and fitness concern
when making his or her consumption decisions. We note that this “fitness-
adjusted subjective price” may exceed the market price pp when 6;;, (the effect
of good k on BMI) is large relative to other goods, while it may fall short of py

when 6,;, is small.

Remark 3. Suppose that only two goods have an effect on body weight: 6;; =
a; >0,0;p=..=0;,,-1=0and0,, =—c; <0. Call good 1 “food” and good
m “gym”. Then

14 B0 (@;Yi/pr —wi — ;) (w; — ;) fork =1
Py (w;) =pr - 1= B0 (w; + &;) (w; — ;) fork=2,..,m-—1
1 — B0 (a;Y:/pm +w; + ;) (w; — ;) fork=m

Consider an individual with body weight above her ideal (w; > ;) who cares
about her body weight (3;0; > 0). Her fitness-adjusted subjective price of food,
P; (w;), exceeds its market price, py, that of gym, Py, (w;), falls short of its
market price, p,,. By assumption, all goods give positive consumption utility,
a;r > 0. Suppose, by contrast, that going to the gym gives zero consumption
utility, o, = 0; its sole purpose being to enhance fitness. Then the individual
will go to the gym enough so that the (subjectively discounted) marginal effect

on fitness equals the (real) marginal cost of going to the gym:

5#%‘@7

Wi = [y

where \; > 0 is the Lagrangian associated with i’s budget constraint.?* It
follows that the individual will exceed his or her BMI ideal (w; > p1;), and more
so the more expensive the gym is (the larger p,, is), but less so the more i cares
about her fitness (the larger 3,0, is) and the more effective the gym is on i’s
body weight (the larger c¢; is), and the less so the richer i is (the higher Y; is,

and hence the lower ); is, ceteris paribus).

3.1. The case of two goods. In order to clarify the effect of a concern for

fitness, in the simplest possible setting, we here consider, within the parametric

20T see this, solve OU; /0x;3 = \;p3 for w; when a3 = 0.
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specification of the general model, a world with only two goods, where good 1
is weight-enhancing and good 2 has no effect on weight. For concreteness and
brevity, we will call good 1 food. More precisely: let £ = 2, 6;; > 0 and ;5 = 0.

In this special case, the utility function of each individual ¢ boils down to

52‘01'
2

Ui(x) = - ln(ailmf{ + aigxfé') —

Pi

(91'1%1 — & — Mi)2

Division of the first-order conditions for the two goods and substituting for
the budget equation gives the first-order condition in only one variable, the

individual’s consumption of food:

Q1 Y; — piza 1=p;
[1 - Biai(eilxil — & — Mi)enxﬂ] | (8)
Qi2 DP2Ti1
n Y — piza
= = + Bioiln(Ouzn —ei — ;) ————
P2 D2

Compare this equation when individual ¢ has a concern for fitness o; > 0 ,
with the case when she has no concern for fitness o; = 0. The unique solution
when o; = 0 is zf, the individual’s unconcerned consumption of food, with
accompanying BMI, w{ = ;12 — ;. Suppose that the individual lives in
nutritional affluence, w{ > p,. If the same individual would have a concern for
fitness, but still consume z¢;, then this would violate the necessary equilibrium
condition (8), because then §,0;(8;1x% —e; — ;)01 29, > 0 and thus the quantity
on the left-hand side of the equation would be smaller, when evaluated at x,
and the quantity on the right-hand side would be larger. It is necessary that the
new equilibrium consumption of good 1 would be lower, x7; < z%,. Hence, not
surprisingly w; < w? when o; > 0. We know from Lemma 1 that equilibrium
BMI cannot fall below ideal BMI. In sum:

Proposition 2. An individual with a concern for fitness, o; > 0, who lives in
nutritional affluence (w§ > p,) will obtain an equilibrium BMI between her ideal

and unconcerned BMI levels; w{ > w; > ;.

Proposition 2 states that, in richer societies, where buying enough food
to attain one’s ideal BMI is not an issue (w{ > ), individuals have BMI
above ideal. Nevertheless, consumption of food is below that which they would

consume were they not concerned with their fitness.?!

21 Analogously, an individual who does not live in affluence (w¢ < p;) has 8,0;(0;129 —&; —
1;)0:12% < 0 and so by a similar argument will obtain equilibrium BMI below her ideal BMI,
4;, but above her unconcerned BMI, wy.
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Consider an individual who lives in affluence (w¢ > y;). In equilibrium, the
right-hand side of equation (8) is then positive, and thus also the left-hand side,
implying that the factor in square brackets must be positive. Dividing through

with that factor, we obtain

6751 (Yz‘ - plxil)lpi _ b1 i ﬁiaieil(ez’li’?ﬂ — & — /%‘)Yi 1 (9)

(7D) P21 D2 1-— 5i0i9i1(9i1$i1 — & — Mi)l’il D2

The left-hand side is continuous and strictly decreasing in food consumption,
x;1, from plus infinity towards zero as x;; increases from its lowest value, zero,
to its highest value. Y;/p;. The right-hand side is continuous and increasing in
x;1, and is positive when x;; = Y;/p;. Hence, (9) has a unique solution, z7.
Equation (9) shows how an individual’s food consumption is influenced by
three economic factors; the price of food, the price of other goods, and income.
These three (nominal) factors can be summarized in two: the individual’s real
income, y; = Y;/p2, as defined in terms of other goods, and the relative price of

food, p = p1/ps. Indeed, equation (9) can be written as

6751 (yz - p%l)l_pi _ Biai‘gil(eilxil — & — :U’i) Y (10)

Qg Ti1 1= Bioibin(Onzin — € — p1;)a
A number of implications follow from equation (9):

Proposition 3. The food consumption of an individual who lives in affluence
is:

(a) decreasing in fitness sensitivity (o;),

(b) decreasing in the individual’s degree of self-control (3;),

(c) decreasing in the relative price of food (p),

(d) increasing in the preference for food (o1 /as),

(e) increasing in ideal BMI ()

(f) increasing in the individual’s metabolic rate (g;).

The claims in Proposition 3 are intuitive and all follow from the trade-off
between food consumption and fitness. We note that implications (a)-(e) also
hold for the individual’s BMI, w; = 0,2}, — ¢;. The sixth implication, (f), in
turn implies that, while food consumption is higher for faster metabolic rates,
BMI will be lower. To see this, note that an increase in the metabolic rate ¢;
reduces the right hand side of (9) for each value of x;;. Thus the solution, x,
must increase. But suppose food consumption, z};, increases just enough to

offset the increase in metabolic rate, €;, so that BMI remains the same. Then
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the marginal cost of food consumption (the right hand side) is at least as large as
before, but the marginal benefit of food consumption (the left hand side) falls.
Thus the associated BMI, w;, must be somewhat lower in order to balance
the equation. Since an individual with a higher metabolic rate will have BMI
closer to his or her ideal as well as consumption closer to his or her unconcerned
consumption, individuals with a faster metabolism, ceteris paribus, have overall
higher welfare.??

We next examine the effect of income on BMI. In the absence of fitness
concerns all goods are normal in our model. Hence, in the above special case
of two goods, an individual who does not care about fitness will become fatter,
the richer that individual becomes. However, a concern for fitness may render
food inferior at high enough income levels. In other words the individual may
become slimmer as his or her income rises. In particular, our parametric spec-
ification of the general model permits BMI to be increasing in income at low
income levels, and decreasing in income at high income levels, depending on the

‘substitutability’ parameter p;.

Proposition 4. An individual’s equilibrium BMI is increasing in his or her real
income when p; < 0. For p, > 0, an individual’s equilibrium BMI is decreasing

in real income at all incomes above a certain level.

(See Appendix for a proof.)

We illustrate the relationship between income and BMI for individuals living
in affluence and varying p; in Figure 1. The thick curve is drawn for p, = 0, the
increasing curves for p, = —0.5, —1, and the non-monotonic curves for p, = 0.5,
0.75 and 0.94.2% Consumption of food decreases with income, at high income
levels, when the two goods are sufficiently substitutable (p; sufficiently large).
Note that BMI is always increasing in income for an individual living below
nutritional affluence. For an individual living in nutritional afluence, however,
BMI is increasing in income at lower income levels and decreasing only at a
higher levels of income at which the individual already consumes plenty of food
and has BMI above ideal (see Figure 1).

22In the proposition we assume the individual lives in affluence, but the case where w¢ < p;
is similarly intuitive. The more an individual cares about fitness, o;, or the more self-control
she has, 3;, the higher will be her consumption of the weight enhancing good and so the closer
she will be to ideal BMI. As in part (f), an individual with higher metabolic rate will consume
more and will still have lower BMI, but now her overall welfare will be lower. In this sense a
faster metabolism is advantageous in a affluent society but disadvantageous in a poor society.
All other parts of the proposition remain the same.

Z3Figure 1 illustrates the parameter values a; = a9, py = 1, pp = 2, 0 = 1, p = 22.5,
€ =—225 and fo = 1.
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BMI

income

Figure 1: Equilibrium BMI as a function of income, for different levels of sub-
stitutability of goods

The intuition for this result is that richer individuals, in equilibrium, place
more importance on fitness relative to consumption and therefore are willing to
‘pay’ more (in whatever form that cost takes) to increase their fitness. We do not
assume that richer individuals value physical fitness more than poorer individ-
uals. Instead, this occurs endogenously. All consumption goods being normal,
richer individuals consume more and so, with diminishing marginal utility from
consumption, in equilibrium attach a lower marginal utility to consumption
than the poor. If poor and rich individuals were to have the same level of phys-
ical fitness, and the poor were in equilibrium, then the marginal consumption
utility of the poor would equate their marginal fitness utility while the marginal
consumption utility of the rich would fall short of their marginal fitness utility.
The rich would thus not be in equilibrium; they could increase their total util-
ity by marginally switching away from consumption of weight-enhancing food
towards other goods, leading to a marginal improvement of fitness that would
outweigh the marginal loss in consumption utility. Thus, the wealthier an in-
dividual becomes, the more the trade-off between the two utility components
(consumption and physical fitness) falls in favor of physical fitness. To put it
in everyday terms, the rich are better able to satisfy their consumption desires
and so can concern themselves more with their own fitness relative to poorer
individuals who struggle more with satisfying their consumption desires and so
cannot put as much emphasis on personal fitness.

We believe the above qualitative observations carry over to economies with
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more than two goods, also when some goods may have a negative effect on
BMI, such as going to the gym. Indeed, the non-monotonicity may be even
more pronounced when there are more variants of food, some of which are less
weight-enhancing, and when there are goods (such as a sports) that are weight-

reducing. The last claim is substantiated in the following remark.

Remark 4. Suppose that a third, weight-reducing good (“gym”) is added to
the above specification, see Remark 3. Numerical simulations for the same pa-
rameter values as in Figure 1 show that the presence of a weight-reducing good
enhances fitness and strengthens the negative effect of income on BMI for mod-
erate to high incomes. Moreover, this negative effect persists even when goods
are complements, rather than substitutes (that is when p, is slightly negative).
The reason is simply that wealth enables a life-style that allows for somewhat
higher food intake (and thus higher consumption utility) in combination with

more expenditure on gym/sports.*!

4. EMPIRICAL OBSERVATIONS
How do the predictions of the model compare with empirical observations?
The US, UK, and other developed countries exhibit predominantly negative
relationships (sometimes inverse U-shaped) between income and BMI within
the population at any given time.?*?6 We briefly examine in some more detail
the relationship in 1999 between income and BMI in the US using data from
the National Health and Examination Nutrition Survey (NHANES).?" Figure
2 plots the mean BMI of 25 to 65 year old individuals for different incomes
and estimates a nonparametric fit of the data using locally weighted scatterplot
smoothing.?® The relationship between income and BMI indicated by the data
in Figure 2 is suggestive of the relationship predicted by proposition 4 when

weight-enhancing food is substitutable to some degree with other goods. Figure

24More exactly, the parameter values the graph is drawn for are p; = p3 = 1, py = 2,
H; = 22.5 = —&;y, Qi1 = Qg = 0.45 (and thus Q3 = 0.1)7 91’1 = 1, 91‘2 = 0, 91'3 = —0.5.

?Lakdawalla and Philipson (2009) find BMI to be decreasing in income for women, and
increasing at low levels of income and then decreasing at higher levels of income for men, (US
data between 1976 and 1994).Chang and Lauderdale (2005) find BMI is decreasing in income
(or inverse U-shaped) for all groups excluding Black and Mexican American men. Chou et
al. (2004) show declining BMI and obesity levels with increasing income in the US.

26 There appear to be some gender differences in the relationship between income and BMI,
which we discuss below. Nevertheless, each gender fits the pattern discussed in this section.

2TBMI is measured and incomes are self-reported. We set income in the first income bracket
($0-$5,000) to $5,000, the last income bracket ($75,000 plus) is set at $80,000, and income for
all other brackets is set at the midpoint of the particular bracket.

28Mean BMI is adjusted to account for the complex survey design used in NHANES. We
use stata bandwith of 0.4 for the locally weighted scatterplot smoothing.
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Figure 2: The relationship between BMI and income for men and women ages
25 to 65 in the US in 1999

3 plots the relationship between income and BMI using the two-good model and
numerical values chosen to fit the US data.?? See appendix for details of how
the parameter values have been estimated.

While the relationship between income and BMI is predominantly negative
at a given time, the BMI of all income groups has increased over time. Chang
and Lauderdale (2005) examine US data from 1971 to 2002 and find BMI in-
creasing over time for all income groups, while, at any given point in time, BMI
is decreasing, or inverted U-shaped, in income. Propositions 3 and 4 provide an
explanation for this “paradox”. The first phenomenon is in line with Proposition
3, in so far as the relative price of weight-enhancing food (food rich in sugar
and fat) has largely decreased over time.?’ This relates to work by Lakdawalla
et al. (2005) and Cutler et al. (2003) who stress the importance of technolog-
ical change and the effect this has had on reducing the price of calories®! The
second phenomenon is in line with Proposition 4 and Figure 1, under the ar-

guably reasonable assumption that substitutes to weight-enhancing foods have

2 Good 1 consists of all food items, excluding very healthy foods (lean meats, fish, fruit
and vegetables). Good 2 consists of all other non-durable goods including very healthy food
items.

30In the UK the only group for which obesity levels are found to be falling over time are
females in the highest social class (out of six classes) (Mazzocchi, Traill and Shogren, 2009).
This could be explained if income in this class has been increasing sufficiently fast relative to
reductions in the price of food.

31 This includes a reduction in actual cost, time cost, and well as an increase in the cost of
expending calories, which we do not explicitly model here (see Lakdawalla et al., 2005).
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Figure 3: A numerical specification of the two-good model chosen to fit mean
BMI in the US 1999

been, and still are available. The model implies that technological growth that
reduces the price of calories will increase weight across the board, while general
economic growth that makes people richer will reduce weight across the board
(at least for those with income beyond the level at which BMI peaks). It follows
that economic growth felt by all income groups could reduce the overweight and
obesity problem of countries such as the US, but if this economic growth is ac-
companied by further technological improvements (or other events) that reduce
the price of food, a reduction in weight levels is not guaranteed.

The third empirically observable phenomenon in the relationship between
BMI and income comes from comparing across countries. The least developed
countries have a predominantly positive relationship between BMI and income,
while the most developed countries have a predominantly negative relationship.
The model predicts what the relationship between BMI and income should
look like for countries with different incomes. In a poor country, where the
population lives below nutritional afluence there will be a positive relationship
between income and BMI with the richest in the population being the fattest
and the poorest the thinnest. Suppose that population as a whole gets gradually
richer. Eventually we will see the fattest person in the population move down
the income distribution (an inverse U-shape with the peak moving down) such
that when the population as a whole is rich enough the relationship between
income and BMI will be negative for the whole income distribution. Thus the
richest person in a rich country may be heavier than the poor of a poor country

but lighter than the poor in his or her own country.
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For such a non-monotonic relationship between BMI and income, food must
be substitutable, at least to some degree, with other goods. Suppose unhealthy
and healthy food increase BMI but healthy food increases BMI to a lesser de-
gree, then the non-monotonic relationship between BMI and income holds if
healthy foods and unhealthy foods are substitutable to some degree.?> Casual
observation suggests that as people get richer they often substitute unhealthy
cheap food, say hamburgers, for healthier more expensive food, such as sushi.
Indeed Zheng and Zhen (2008) find estimates from the US and Japan that in-
dicate that healthy and unhealthy foods are substitutes, while Pieroni, Lanari
and Salmasi (2011), using Italian data, find ‘nontrivial’ levels of substitution be-
tween healthy and unhealthy foods.?® We suspect the reality is more complex.
Richer individuals may not only substitute to eat more healthy foods, but may
substitute for higher quality and tastier healthy foods as well. For example, in
the UK not only does the number of pieces of fruit and vegetables purchased
increase with income, but so does the unit price paid. In 2002/2003 those in the
lowest income quartile spent on average £0.153 per kilo on fruit and vegetables
while those in the highest income quartile spent £0.187 (Mazzocchi et al., 2009).

We conclude this section by first comparing empirical evidence on self-control
with the findings of the model. We then do the same for empirical evidence on
gender differences in food consumption and BMI. Recall from proposition 3 that
lower self control results in higher BMI, ceteris paribus. Moreover, the higher
the income, the more sensitive BMI is to one’s degree of self-control, since richer
individuals with less self control when making their consumption decisions, can
afford to, and will, buy more food. In fact the interaction between self-control,
income and BMI is complex: at low levels of self-control, higher income is bad
for BMI (increasing BMI), however at higher levels of self-control, higher in-
come reduces BMI. Empirical evidence shows that the upper tail of the BMI
distribution in the US and UK has been growing much faster than, for example,
the median. As others have suggested (Cutler et al., 2003, Mazzocchi et al.,
2009), it appears that certain portions of the population may be more suscepti-
ble than others to obesogenic environments. Our model suggests that where an

individual has low self-control (or low concern for fitness) that individual will

32Tn the model we present this would assume individuals gain weight from unhealthy foods
but not from healthy foods. This can be relaxed so that the rate of weight gain from healthy
food is lower than that from unhealthy food.

33While the relative price of unhealthy foods, in comparision with healthy foods, impacts
BMI, change in this relative price is unlikely to be a major cause of the obesity epidemic,
according to evidence from Gelbach, Klick and Stratmann (2009) and Zheng and Zhen (2008).
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be particularly sensitive, in terms of food consumption and BMI, to changes in
income and food prices.

Empirical evidence also consistently shows differences in the behavior of men
and women in relation to BMI. Studies find a stronger negative effect of income
and education on the weight of women while the relationship between BMI
and income for men tends to be inverse U-shaped if determined (Lakdawalla
and Philipson, 2009, Chang and Lauderdale, 2005). Papers on peer effects
suggests that women may be more sensitive than men to the weight of their peers
(Trogden et al., 2008, Renna et al., 2008). Seemingly in contrast to this, Pieroni
et al. (2011), on examining consumption, find substitution of unhealthy foods
for healthy foods following price changes is stronger for Italian male household
heads than female household heads. Within our model a lower fitness-sensitivity
(lower o) could explain all three phenomena: a flatter or more inverse U-shaped
relationship between BMI and income, a stronger response to changes in food
prices, and weaker peer effects. Alternatively the first two phenomena could be
explained by a higher BMI ideal. Thus these gender differences in BMI would
be explained if men are less concerned about deviating from their ideal BMI

than women, an arguably plausible assumption.

5. FAT TAXES
We here briefly consider the theoretical effect, in our model, of a tax on weight-
enhancing food, a “fat tax”. In the two-goods model specification, let thus the
food price paid by the consumer be (1 + t) p;, where ¢t > 0 is the (value-added)
tax-rate on food. Suppose that this tax is collected by a government agency
that redistributes the tax revenue in the form of a lump-sum transfer 7' to
each individual. Individual consumption is evidently affected by this tax and

transfer, and each individual’s consumption, z;;, satisfies equation (10):

' (1 N\ L= 0:0:1(60:11:1 — : — W:
751 (yz ( —|—t)px11> _ (1—|—t>p—}- Blazezl(ezlle & :LL’L) (yZ+T)

Qo Tl 1 — B,0i0i1(0nwi — i — p1;)Ta1

for i = 1,..,n. The government’s budget balance equation can be written as

n
nl' =tp- Z T1j
j=1

For any given tax rate ¢ > 0 and producer prices p; and p., the resulting con-

sumption pattern, and associated BMI-distribution, is found by simultaneously
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Figure 4: The effect of a tax on food with redistribution

solving these n + 1 equations.®*

Using the parameters estimated in Figure 3 we calculate the effects of a 10%
and 50% tax on good 1, weight-enhancing food. The first plot in Figure 4 shows
BMI levels for a range of incomes before a tax on food and after a tax on food
where the revenue from that tax is redistributed evenly amongst the population
as described above. The income distribution is estimated from the Consumer
Expenditure Survey in 1999.

From proposition 3 we know that a tax on food will reduce BMI at all
incomes and we see this continues to be true even after redistribution for this
particular calibration (Figure 4). Observe that a tax on food reduces BMI most
for those with the lowest incomes, who also tend to be those with the highest
BMI. This result is supported by evidence from Pieroni, Lanari and Salmasi
(2011) who find somewhat higher cross-price elasticities of substitution between
healthy and unhealthy foods for poorer households in Italy relative to richer
households.

The US data indicates that those who consume the most calories are those at
the bottom of the income scale, thus suggesting we should pay careful attention
to the welfare effects of such a tax. The second plot in Figure 4 shows the change

in utility for each income group after the tax on food when the revenue from

34Clearly producer prices may change when such a tax and transfers are introduced. In
order to account for the full effect, one has to solve for the associated general equilibria, as
defined above. The general-equilibrium effects of a fat tax would seemingly be even stronger
than reported here, since a decline in the demand for food would (under decreasing returns
to scale in food production) arguably lead to an increase in the producer price and hence an
even higher consumer price.
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that tax is redistributed evenly amongst the population. We observe that utility
falls for those on low incomes and rises for those on high incomes (as well as for
the very poorest). Nevertheless, the magnitude of these changes in utility are
very small: the largest fall in utility happens for the income level $12,500 (at a
tax of 50%) and is equivalent to a drop in income of less than $60. In summary,
a tax on weight-enhancing foods will lower BMI, particularly for income groups
where BMI is highest, but such a tax has a predominantly negative impact on

the welfare of the poor and should be accompanied by careful redistribution.

Remark 5. A lump-sum transfer is not the only possible way to redistribute
the revenues from a fat tax. A subsidy on non-weight enhancing or health-
improving goods is another possibility. Suppose the revenue from the tax on
good 1 is paid back to the consumers as a subsidy on good 2.3 With the same
tax rates as above (10% and 50%), we find that BMI falls for all individuals,
especially for those with low incomes. Comparing the welfare effects of the
two policies, the subsidy scheme has a stronger negative effect on lower income
groups compared to the lump-sum transfer scheme; the fall in total utility for
income group £12,500 when t = 0.5 is more than tenfold the drop in total utility
for the tax-transfer policy. This is because a policy which subsidizes other goods
is heavily weighted towards those who consume more of those other goods: the

rich.36

Our model points to a further potential policy recommendation. While
falling food prices and the accompanying general rise in BMI have been at-
tributed to technological improvements (Lakdawalla et al., 2005, and Cutler et
al., 2003), technological improvements need not necessarily be weight-increasing,.
If technology were used to produce healthier and tasty foods that are highly sub-
stitutable with unhealthy foods, then our model suggests this would lower BMI

levels for some portions of the population (see Figure 1).3” This appears to be

35This follows a similar set up to tax and redistribution. Each individual’s consumption,
Z14, satisfies equation (10) for a tax ¢ on good 1 and subsidy s on good 2, with the government’s
budget balance as tp> 7| w1 = s3>0 (yi — px1j).

36 This simple policy experiment neglects the potential effect on market prices from the tax
and transfer. The model is easily extended to include such effects, by way of introducing
supply functions for the goods.

3TNote that Figure 1 indicates that the BMI of the poor could rise were goods to be made
more susbstitutable. In this instance poorer individuals move to substitute unhealthy food for
healthy food (since unhealthy food has become more of a substitute for healthy food). However
current research is working towards making healthier foods to susbtitute for unhealthier ones
and not the other way around (i.e. healthier potato chips to substitute for current less healthy
potato chips), and so this potential downside to making food more substitutable may not be
relevant.
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happening to some degree: the UK government currently funds research projects
in collaboration with food companies with the aim to develop new technologies

and ingredients to produce healthier snacks and other foods.*®

6. PEER EFFECTS

In this section we explore what happens, in our parametric model, when an
individual’s valuation of her own fitness is influenced by her peers, in either of
two distinct ways; by an influence on the ideal and by an influence on one’s

sensitivity to deviations from one’s ideal, respectively.

6.1. Peer effect on BMI ideal. Suppose that an individual’s ideal BMI

lies between a “medical ideal”, u°, and the average BMI of others in i’s peer

group,
p (W) = (1= ;) 1 4y,

where ~y, € [0,1] is the social sensitivity of individual ¢ and w_; is a weighted

U_),Z': E Tij’wj

J#i

average BMI,

where the parameters 7;; > 0 are i’s peer factors, representing the importance
that individual ¢ places on individual j in her BMI-ideal formation, where
Zj 4 Tij = 1. In the two-goods case, the necessary first-order condition for

population equilibrium can then be written

1=p; 0 - 0
i 0y Bioi(w; — p° — 7, (Wi —
1( 1y _p) - (wi = 17 =7 ( 1)) O
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In the extreme case when individual ¢ is completely insensitive to others’ BMI
(7; = 0), this is the same equilibrium condition as in the absence of peer effects.
In the opposite extreme case when individual ¢ is maximally sensitive to others’

BMI (and doesn’t care at all for the medical ideal, v, = 1), we obtain

w; + &;

o [ Oayi o . Bioi(w; — w—;) O
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38This includes research funding for Pepsico to develop new starch technologies
to produce baked snacks and Macphie of Glenbervie, a baking company, to re-
search the production of healthier baked foods wusing ultrasound. Taken from
‘Junk food companies paid by taxpayer to develop healthier products’, The Tele-
graph. http://www.telegraph.co.uk/health/healthnews/9498868/Junk-food-companies-paid-
by-taxpayer-to-develop-healthier-products.html
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In the special case of a homogeneous population, and maximal social sensitivity,
the unique symmetric equilibrium is that everybody obtains the same BMI
and this BMI is the (commonly shared) unconcerned BMI: w; = w_; for all
individuals ¢ and hence the second term on the right-hand side vanishes. In a
nutritionally affluent society, everybody will then be just as obese as if they did
not care at all about the fitness effects of their consumption.?’

There are a number of reasons why this route might not be the most impor-
tant channel for peer effects. First, BMI levels portrayed as ideal on television
and in the media are generally within the medically healthy range (sometimes
below healthy), despite the fact that the majority of the population in, for ex-
ample, the US are either overweight or obese. Second, a study by Rand and
Resnick (2000) found that while many people’s actual body weight did not
match their ideal, still 87% of subjects ‘considered their own body size socially

acceptable.’

6.2. Peer effect on BMI sensitivity. As suggested by the study of Rand
and Resnick (2000), another channel for peer effects goes via individuals’ cost
of deviation from their ideal BMI. The more those in an individual’s peer group
(family, neighborhood, work-place) deviate from the individual’s ideal BMI, the
less the individual may be concerned by her own deviation from her ideal BMI.
That is, a person surrounded by fat people may be less concerned with her body
weight than had her peers been thin.*

Formally, let each individual’s fitness sensitivity, o;, depend on others’ BMI
as follows:

o (w_g) = (1= ) 07 47, [T fi ()™ (11)
J#i

The first term, of > 0, is ¢’s basic sensitivity to own fitness. The second term
represents the peer effect and is decreasing as the BMI of i’s peers deviate
further from i’s ideal BMI:

_ (w; — Mz‘)2
fi (w;) = exp (—)\iT) )

This factor measures how close another individual j’s BMI is to i’s ideal, where

Ai > 0 represents ¢’s sensitivity to this deviation. The parameters 7;; are again

39Blanchflower, Oswald and Van Landeghem (2009) examine a different set up whereby
individuals have higher utility the thinner they are relative to average weight in the population.

40For example, penalties for being overweight in marriage markets (Carmalt et al., 2008)
and in labor markets (Cawley, 2004) may be relative.
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i’s peer factors. The quantity IL;.; f; (w;)™” is thus the peer-factor weighted
geometric mean of how close others are to <’s BMI ideal. The parameter v, > 0
is again i’s degree of social sensitivity.

Under the endogenization (11), the first-order condition for i’s choice of food

consumption, here written in terms of her BMI w;, becomes

ar (O N
(6] w; + &; P
o 2
01:3; [(1 — ;) 07 +7; exp <_)\i Zj;éi Tij (Wi — #s) /ZH (wi — ;)i

L= B [(1 =) 07 471 exp (A Doy (g — ) /2) | (s = ) (-2
(12)
for all i € 1,..,n. Each individual treats the others” BMI-values (w; for j # 1)

as exogenous when deciding upon her own consumption (and hence her own

fitness). This equation is the same as that in (10), when written in terms
of BMI, the only difference being we substitute for endogenous ¢;. Hence, for
given BMI-values for all others, equation (12) uniquely determines w;. It follows
immediately from Proposition 1 that the system of equations (12) has at least
one solution, by which we mean a population BMI profile w* = (w3, .., w?), for

any combination of positive parameter values.

Homogeneous population. Depending on the strength of the social sen-
sitivity parameter (y;) there may be more than one equilibrium population BMI
profile. If others’ fitness is high (low), and the individual is sufficiently socially
sensitive, then she/he may choose a consumption bundle that leads to high
(low) own fitness. We illustrate this possibility for a homogenous population in
symmetric equilibrium. The first-order condition (12) for a common BMI level

w to be an equilibrium then becomes:

%< oy >1_p:p+ B (1 =) 07+ e "12) (w — )ty
1—

B((1=7) 0 +ye w=™/2) (w — p) (w+ &)
(13)

The thick solid line in Figure 5 shows the associated equilibrium correspon-

o \ W+ €

dence that to each level of the relative food price, p, attaches the corresponding
equilibrium population BMI level or levels. Figure 5 is drawn for the parameters

calibrated in Figure 3.1 We see that the equilibrium BMI is unique and high

4IMore exactly: 8 = 0.00644, A = 1 and an income y of $30,000, with v = 0.86957 for the
solid curve and v = 0.7 for the dashed curve.
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BMI

Figure 5: BMI as a function of the relative price of food

at low relative food prices, p < 158, unique and low for high relative prices,
p > 221, while for intermediate prices, between these two price levels, there are
three equilibrium BMI-values. Of these, only the top and bottom equilibria are
stable under adaptive consumption adjustments.

Multiple equilibria arise as a result of peer effects. When individuals are
socially sensitive and everyone else in the population is fit then fitness sensitivity,
o, is high. When everyone else in the population is fatter fitness sensitivity falls,
all else equal. It follows that there may be both an equilibrium where people
consume less food and remain relatively fit, meaning both the marginal benefit
of food consumption and the marginal cost of BMI are high; as well as an
equilibrium where people consume more food and have higher BMI, meaning
the marginal benefit and marginal cost of food consumption are both lower.*?
Whether or not multiple equilibria exist depends on the level of social sensitivity,
v, Higher levels of social sensitivity than that documented in Figure 5 result in
multiple equilibria over a wider range of prices. By contrast, low levels of social
sensitivity will result in a unique equilibrium at each price level, although there
may still be a particularly fast rise in BMI within a particular price range, as
illustrated by the dashed line in Figure 5.

Our model suggests the possibility of hysteresis. Suppose that the relative
price of food is high and decreases continuously over time. The solid line in

Figure 5 shows that the population BMI-value would necessarily make a sudden

42Typically, there will also exist an intermediate equilibrium, as seen in the diagram. How-
ever, that equilibrium is unstable with respect to perturbations of (perceptions of) others’
BMI, and is thus empirically irrelevant.
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upward jump at some intermediate price level, the most likely candidate for such
a jump (under smoothly adaptive expectations-formation) would be at the price
where the lower fold of the equilibrium correspondence takes place, or p = 158.
In other words, we should expect a drastic increase in the population BMI-value
as the price gradually decreases in this critical price zone. If we were then to
reverse the price movement to a continuous increase, BMI would suddenly jump
down to the lower branch (under smoothly adaptive expectations-formation),
but this time at a much higher relative price than the mentioned upward jump;
this time at p = 221.*3 We discuss implications for the pattern of population

weight gain over time in relation to the obesity epidemic in Section 7.

Heterogeneous population. We conclude by briefly considering peer ef-
fects in a heterogeneous population. For the sake of clear comparison with the
numerical example above, suppose that individuals differ only in income. Using
the same income brackets as in Figure 4, and treating each income group as
homogeneous, we have eleven income groups, k = 1,2, .., 11, of population sizes
ng and with (representative) incomes y; < yo < ... < y11 (the same as in Figure
4). There is a wealth of evidence that individuals form more ties with those
who are similar to them and so, for the sake of illustration, we suppose that the
influence of one individual on another is exponentially decreasing the more their
incomes differ.** Peer effects can take on a variety of forms and to illustrate
this we also allow for the possibility that the rich are more influential that the
poor. Specifically, for an individual in income group k, let the total influence

(or peer effect) of individuals in income group h be given as’®

nhyhe_alyk_yhl

Tkh =
5 MY

(14)

43This reasoning presumes an arguably plausible form of expectational inertia, see Lindbeck,
Nyberg and Weibull (2003) for a more detailed analysis of such dynamics in the context of
taxation and social norms.

“There is evidence of strong homogeneity in education, occupation and class among social
ties including friends, partners, neighbors and more. For a review see McPherson et al. 2001.
Whether or not ones social ties are those who exert the most influence over an individual’s
perception of the importance of physical fitness and overweight is much harder to determine
empirically.

45We here simplify by including the individual him- or herself among the peers in her own
income group. The precise expression would replace ng by ng — 1. However, for n; large,
the difference is negligeable.
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Figure 6: BMI by income group with varying peer effects

where 0 > 0 is the decay factor by which the peer effect diminishes as incomes
get further apart.*® The case 6 = 0 represents a "global" peer group, where
each individual is socially influenced, in her view of her own body weight, by all
others in society alike (with a higher weight placed on the rich). The limit as
0 — 400, represents the opposite case of "local" peer groups, where individuals
are influenced only by those in their own income group.

The following equations, for £k = 1,..,11, are the necessary first-order con-
ditions for an equilibrium in which all individuals in each income group k have
the same BMI, wy:
o (O O\ B0 + 7 exp (<A, T (wn = ) /2)] (wy, — )by,

Qy \Wk + € b :p+1 — B oo+ vexp (=AY, Thn (w — )’ /2)] (wy, — ) (wy + )’

with the (exogenous) peer-factors 74, given in (14). Figure 6 plots the parameter
values and relative price of food as in Figure 4, and with , 8 = 0.84, ¢° = 0.001,
v =1 and A = 0.6. The black bars represent the case of a "global" peer group
0 = 0, the hatched bars 6 = 0.0003 and the white bars "local" peer groups
when 6 — 400 (1, = 1 iff h = k, 7p, = 0 otherwise). We see in the diagram
that moving from "local" to "global" peer groups tends to even out the BMI
distribution; the rich and very poor increase their BMI while low- and middle-
income earners reduce their BMI.

Our model of peer effects suggests that population BMI changes should

be associated with changing perceptions of what constitutes acceptable body

46 Expression (14) without the terms y;, and y,, represents the case where rich and poor are

nhe—“\?/k—?/h\

equally influential: 7 = =—22&———.
q y kh Zm nm,ei&‘yki'y?"l
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weight. Burke et al. (2010) find that individuals with either normal BMI
or who are overweight are less likely to perceive themselves as overweight in
2000 compared to 1990. Further, Oswald and Powdthavee (2007) find that,
at a given BMI, richer individuals are more likely to perceive themselves as
overweight compared to poorer individuals. This would be consistent if, as

above, individuals are more influenced by those in their income bracket.

7. 'THE OBESITY EPIDEMIC

In this section we return to the dynamics of population weight gain. Empirically,
obesity levels in the US remained relatively flat between 1960 and 1980, but
rocketed between 1980 and 2000. Between 1960 and 1980 the percentage of
obese in the United States was relatively stable, rising just 1.5% from 13.4%
to 15%. By 1994, however, the population share of obese had grown to 23%
and by 2000 obesity levels had doubled to 31% (Flegal et al. 2002).%" The
UK had a similarly sharp increase in obesity levels but from a lower starting
point: between 1960 and 1980 obesity levels for men and women in the UK
grew from 1% for men and 2% for women to 6% and 8% respectively; by 2000,
21% of men and 21.4% of women were obese.*®** Similarly, mean BMI rose
less than 0.7 BMI points between 1960 and 1980 but rose more than 3 BMI
points between 1980 and 2005.”° Mean BMI This sharp rise in BMI is all the
more surprising because it happened in populations that were already at and
above healthy weights and is associated with a significant worsening of health.
Understanding what caused this sharp rise in obesity from 1980 may be key to
tackling the associated public health challenges faced by a growing number of
countries.?!

One can think of many possible causes of the rise in obesity since 1980;
however most of the possible causes that spring to mind do not reconcile with

the facts. A decline in physical workplace activity is an unlikely candidate since

4TFlegal et al. (2010) find the percentage of obese had increased to 33.8% in 2008 and
suggest this may indicate a decline in the rate of increase.

“8http://www.telegraph.co.uk /health /healthnews /7307756 / Obesity-rates-20-per-cent-
higher-now-than-in-the-1960s.html

9 Taken from OECD.StatExtracts (under: non-medical determinants of health, bodyweight,
measured obesity levels).

*National Health and Nutrition Survey. See also Ljungvall and Zimmerman (2012).

1 This is not to say that 1980 to 2000 is the only period of fast growth in population BMI in
the US (see Komlos and Brabec, 2011). However, earlier periods of fast growth are associated
with the general population below or within healthy weights. Our model would predict fast
growth until the population is at healthy weight then slower growth as the population moves
above a healthy weight, followed by a fast increase in population weight when the population
is already at an unhealthy weight.



OBESITY AS A SOCIAL EQUILIBRIUM PHENOMENON 31

there was already a significant decline in strenuousness of market labor between
1960 and 1980; similarly the increase in labor saving devices in the home was
larger between 1960-1980 than 1980-2000 (Finkelstein et al. 2005). Using the
same argument, the biggest change in television viewing occurred between 1965
and 1975, and cars had largely replaced other methods of transport by 1980
(Cutler et al., 2003). Indeed Cutler et al. (2003) examine daily food intake and
energy expenditure in the US and conclude that the most plausible explanation
for the steep increase in obesity since 1980 is caloric intake and not caloric

2 Nevertheless, calories consumed at meals have not increased,

expenditure.
making arguments based on either increased portion sizes or fattening meals at
fast food restaurants implausible (op.cit.). Chou et al (2004) show that increases
in the price of cigarettes contributed to approximately 20% of the increase in
BMI and obesity levels between 1984 and 1999, implying that a reduction in
smoking is unlikely to explain the obesity epidemic. Offer et al. (2010) propose
that economic insecurity fuels stress which induces overeating, but there is no
particular reason to think that stress might contribute to a sudden and steep
increase in weight gain post 1980 but not before.

An obvious potential explanation for the obesity epidemic is that a fall in
the real price of food between 1980 and 2000 caused people to consume more
food, resulting in the steep increase in BMI. Cutler et al. (2003) show there were
also substantial reductions in the time taken to prepare food in the home from
the late 1970s. Nevertheless, there is scepticism as to whether the magnitude of
the fall in the price of food over this period was enough to cause individuals to
consume the amount of food needed to generate the observed increase in BMI.
Cutler et al. (2003) judge that the elasticity of caloric intake with respect to
the price of calories that is needed to explain the increase in calorie intake over
this period is implausibly high.

Cutler et al. (2003) propose a related explanation for the obesity epidemic.
They show that technological innovation in food processing and packaging made
affordable, pre-prepared food much more readily available in the 1980s compared
to the 1960s. This reduced not only the time cost of food but, if individuals dis-
count hyperbolically, as food becomes more immediately available they are less

able to resist it and in equilibrium will consume more. Cutler et al. (2003) pro-

"2Finkelstein et al. (2005) on comparing a number of studies on calorie consumption con-
clude that ‘the growth in energy intake is of sufficient magnitude to explain the rise in body
weight’ during the period from 1980. However, it should be noted that this is not true for
ealier periods where reduction in calorie expenditure is an important factor (see Lakdawalla,
Philipson and Bhattacharya, 2005, and Lakdawalla and Philipson, 2009).
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pose that the technological change combined with hyperbolic time preferences
drove the surge in BMI.

Our model with peer effects provides an explanation that could explain a
fast increase in population BMI without a significant change in the environment.
This is illustrated in Figure 5. Suppose the price of food is high at around
p = 300 and population BMI is close to the ideal BMI of 22.5. Consider a
gradual decrease in the price of food. Initially reductions in the price of food
will be accompanied by only small increases in population BMI. This is because
the population as a whole is very fit and so the individual cares a lot about
her weight and will remain fit even as food becomes cheaper. However, as food
prices continue to fall, there will eventually be a surge in population BMI. This
occurs because as food prices fall further, others become more overweight, and
the individual cares less about her own weight-gain; this dynamic feeds into
itself such that at some price level there will be a fast increase in population
BMI. Thus our model suggests that when food prices are low enough even a
small drop in the price of food can trigger a sharp rise in population BMI.?3

But at what food prices would we expect to find multiple equilibria or see this
sharp rise in BMI? Multiple equilibria or a surge in BMI can only occur when
social influence is sufficiently strong. Importantly, the effect of social influence
is increasing as the price of food decreases. It follows that we would expect to
see multiple equilibria emerge only once the price of food is low enough. The
argument mimics a previous argument: as the price of food falls, consumption
of food and other goods increases, and thus a marginal unit of food has a
larger impact on subutility from fitness relative to subutility from consumption.
Because a marginal unit of food has a bigger impact on fitness, the fitness term
becomes more and more relevant to decision making as the price of food falls.
The final step is to note that as fitness becomes more important, the BMI of
others also becomes more important in decision-making and so social influence

plays a bigger role in driving equilibria.

»Note that an explanation based on peer effects (where o is endogenously determined)
and the explanation proposed by Cutler et al. (2003) are indistinguishable in our model.
A hyperbolic discounter who moves into a world where food is more readily available (as
described in Cutler et al., 2003) will now, in essence, discount future health effects at an even
higher rate relative to consumption. In our set up, this would be modelled as an exogenous
reduction in 8. The peer effects explanation we present here involves an endogneous reduction
in 0. A reduction in § or a reduction in o cannot be distinguished in the model.
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8. FITNESS RANK CONCERNS

It has been argued that individuals are concerned with their fitness rank in their
peer group (Oswald and Powdthavee, 2007, and Blanchflower et al., 2009).
The larger the fraction of my peers who are fitter than me, the less happy I am
with my own fitness. This indeed matters for an individual’s economic and social
success in situations when fitness plays a role in competition (such as in sports,
but arguably also in marriage and job markets). Thus it is not my absolute
fitness that matters but whether I am fitter or less fit than my competitors.
Our framework to here suggests that individuals care in absolute terms about
their fitness. When we allow for peer effects, the fitness of others can increase
or reduce the amount an individual cares about his or her absolute fitness.
Similarly, if others’ BMI determines the BMI level the individual considers to
be ideal, his utility is determined by his absolute fitness with respect to this
ideal. Suppose instead we adapt the current framework such that an individual
does not care about his fitness per se but cares only whether he is more or less
fit than others. This is similar to what we above called peer effects on BMI
sensitivity, but, as we will see, requires a slightly different analysis.

One way to model rank-dependent preferences is to let an individual’s fitness
utility be of the form

v; (W) = e—ai'[‘Pi(wz‘)—@i(Qui—wi)]Q/Q

where p,; is i’s BMI ideal (which may be fixed or socially influenced) and ®; :
R — [0, 1] is the cumulative population BMI distribution, among i’s peers (set
®; (w) =0 for all w < 0). The “loss term” in square brackets is the population
share of individuals in i’s peer group who have a BMI that is closer to ¢’s ideal
than i’s own BMI. For an individual whose BMI equals her ideal, v; (w) = 1,
while in general v; (w) < 1. The individual’s fitness utility is maximized when
the individual is the fittest and minimized when he or she is the least fit within
his or her peer group.

In a finite population, ®; is a step function, determined by the BMI profile
w_;. However, if peer groups are relatively large, and/or individuals do not
perceive others’ body weight exactly, it makes sense to treat ®; as a continuously
differentiable function (for example, a parametric curve fitted to the empirical

distribution). The marginal utility from positive consumption of any good k

% The subsequent discussion and analysis presumes that each individual’s peer group is
a non-empty set of individuals, from the total population, allowing for the possibility of
overlapping peer groups.
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then becomes

m -1
oU; (x) pi—1 p;
B = Qigly, Qi
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where, as before w; is given by equation (3). In particular, if the BMI dis-
tribution among i’s peers were (perceived by i to be) uniform and i’s BMI
were less than double her ideal, the second term would be proportional to
B,0:0ik (w; — 1;), the same expression as was obtained before, see (6). There-
fore, under certain conditions, although an individual cares only about rank,
the individual optimizes as if he or she cared about fitness itself, as we orig-
inally modeled it. This provides some justification for our orginal framework
even if one supposes that the individual cares only about rank and not at all
about fitness in itself. However, in general, the expression is more complex.
Without further assumptions, existence of equilibrium is not guaranteed. One
way to proceed with this model specification would be to constrain ®; to have
some parametric form (say, log-normal) and try to find, by way of a numerical
algorithm, a population consumption profile x such that the above first-order
condition is met for each individual 7, with each ®; being fitted to the empirical

BMI distribution of i’s peers.

9. CONCLUSION

We present a rigorous and yet tractable microeconomic approach to the ‘whats’
and ‘whys’ of the obesity epidemic. Our model is centred around the individual’s
trade-off between the desire to consume and the desire to be physically fit. The
relative simplicity of this set-up (given the complexity of the issues) allows us
to examine the effects of prices and incomes on the BMI distribution and also
allows us to examine certain social and psychological features which have been
proposed as important factors behind obesity. Two features in particular have
been much commented on: (i) the consumer may not have full self-control at the
moment of consumption (and may discount ensuing negative fitness effects), and
(ii) the presence of peer effects in an individual’s valuation of her own fitness.
Our model is transparent and thus straightforward to interpret and apply, and
yet, we believe, rich enough to deepen the understanding of mechanisms at work
in the obesity epidemic.

Our model’s predictions appear to agree with stylized facts. First, when food

prices fall BMI goes up. Second, even though BMI is increasing for all income
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groups as the price of food falls, we should expect to see, at any given point in
time, BMI decreasing in income for incomes above a certain level. This result
derives from the observation that richer individuals consume more and so attach
a lower marginal utility to consumption. It follows that richer individuals, when
facing the trade-off between increasing consumption utility or fitness utility at
the marginal dollar, will choose to spend that dollar in a way that better favors
fitness compared to poorer individuals. Thus richer individuals will substitute
towards healthier goods while poorer individuals will consume more unhealthy
food and will have higher (unhealthier) BMI. This speaks against a popular
notion that obesity among the poor necessarily results from their lack of self-
control (albeit our model permits both channels). The above marginal-utility
argument also has important implications for the widely discussed policy of ‘fat
taxes’: the model suggests that taxing unhealthy foods, if unaccompanied by
income transfers, may have undesirable welfare consequences.

Finally, the model suggests a possible explanation for the obesity epidemic
and the particular pattern the obesity epidemic has followed. If a person sur-
rounded by overweight people is, by our assumption, less concerned with being
overweight than one surrounded by fit people then, as the price of food falls,
population BMI can be low and relatively stable but then shoot up dramatically,
either through multiple equilibria (with a sudden jump from a low to a high BMI
equilibrium) or, in the case of a unique equilibrium, continuously slide up very
quickly. Social influence plays a minimal role in consumption decisions when
the population is poor. However, as the price of food falls, the role of social
influence rises and social factors contribute to determining the development of
population BMI. It follows that once the price of food is low enough, multiple
equilibria or a steep rise in BMI can occur. Thus the model suggests that the
obesity epidemic need not have been caused by a sudden change in environment
in the 1980’s but, more simply, a gradual fall in the price of food over time that
eventually caused population norms to change quickly and suddenly.

We believe our model can fruitfully be generalized and refined further and
that it can also be used in empirical work, as a framework for structural mod-
elling of movements in BMI-distributions. Estimated model-parameter values
can then potentially be used to forecast future BMI-distributions and to evalu-

ate policies aimed at reducing obesity.
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10. APPENDIX

10.1. Proof of Lemma 1. To see that it follows from our assumptions, let
w_; be given, and suppose that such an individual chooses a consumption bundle
r; € B(p,Y;) resulting in body weight w; = ¢,(z}) < w; (w_;). By contrast,
her unconcerned consumption, z¢ € B (p,Y;), results in body weight above her
ideal; w¢ = ¢;(z¢) > w; (w_;). Since both consumption patterns meet her
budget constraint, so does any convex combination of them. Since, moreover,
her body weight is a continuous function, ¢,, of her consumption pattern, there
exists a convex combination of the above two consumption patterns, a pattern
x; € B (p,Y;), where she achieves her ideal body weight: w; = ¢,(x;) = w; (W_;).
At that point, her fitness utility is maximized. Since her consumption utility

function, u;, by hypothesis is strictly quasi-concave, her consumption utility is

* 5bH
i

higher at x; than at z}.”> A contradiction. Hence w} > w; (w_;).

10.2. Proof of Proposition 1. For p;, € (0,1), the first term in (5) is a
concave function of z;. To see this, first note that the sum inside the logarithm
is the sum of concave functions of z;, hence concave. Secondly, the logarithm
of a positive concave function is concave. When p; < 0, the first term in (5) is a
also a concave function of z;. To see this, note that the sum inside the logarithm
is the sum of convex functions of z;, hence convex. Second, the logarithm of the
sum is also convex - since In oz,-kmf . = Ina;, + p; Inx;;, is convex and the sum of
log-convex functions is log convex. Finally this convex expression is multiplied
by a negative constant 1/p; so it is concave. When p; = 0 the first term in (5) is
Cobb-Douglas, which is concave for the values of « specified. This establishes
the concavity of the first term. Clearly the second term in (5) is a convex func-
tion of x; and hence the negative of the second term is concave. The sum of two
concave functions being concave, we conclude that U; (x) is a concave function
of z; (indeed, it is strictly concave). Now consider the n-player game in which
the payoff function to each player 4 is 7; (x) = ¥/, Since this is a continuous
and strictly increasing function of i’s utility function, the set of (pure strategy)
Nash equilibria in the so-defined game is identical with the set of population
equilibria. Moreover, in this game, each player’s strategy set, B (p,Y;), is non-
empty, compact and convex and 7; is a continuous payoff function (with domain
XjerB (p,Y;)). Hence, by Weierstrass’ maximum theorem, each player’s best-
reply correspondence is nonempty-valued and compact-valued, and, by Berge’s

maximum theorem, upper hemi-continuous. In order to apply Kakutani’s fixed-

55

*

w; (x;) > min {u; (xF) ,u; (22)} = w; (xF).
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point theorem it only remains to verify that each best-reply correspondence is
also convex-valued. But this follows from the concavity of U; with respect to x;,
which implies that ; is quasi-concave in z;. To see this, let o > 0 and fix x?,.
Then 7; (%‘,X‘li) > « is equivalent to Uj; (:L‘i,X(ii) > [ = In«, which defines a
convex subset of B (p,Y;) by concavity of U; (xi, x° Z) with respect to x;. More-
over, m; (x) > 0 is equivalent to x; € B (p,Y;), again a convex set. Hence the
game with payoff functions m; admits at least one Nash equilibrium, by Kaku-
tani’s theorem. That each equilibrium is interior follows from the observation

made before the statement of the proposition.

10.3. Proof of Proposition 4. Consider the first-order condition (10). We
know an interior solution exists and is unique, z}; € (0,y;/p), for each p, < 1.

The first-order condition can be rewritten as

Qi1 (yz - Pl’iﬁ) T D+ Bioiba (0}, — & — )

Q2 L1 1- ﬁiaieil(eilxu —& = Mz‘)xil

The left-hand side is decreasing in x;;. It follows that if the left-hand side is
increasing in y;, then z}; will be increasing in y;. If the left-hand side were
instead decreasing in y;, then x}; would be decreasing in y;. We can denote the

derivative of the left-hand side with respect to y; as D, , where:

D,, = (1~-p;)

Pi

a; 1 (yi - pxﬁ)_pi _ Boibla (O] — i — )
Qiz T Th 1 — B,00a(0ax]; — ci — p;)xs

First consider the case p; < 0. Rewrite the first-order condition (10) as

i 1 (yi — px?l)_pi  Boibla(Oax) — ¢ — )
Qi T T} 1— B,0:00 (027, — c; — ;)75

14 Q41 (yz —*px;’})_pi]
Qi2 L1

Since the second term in this expression is negative, the first term must be

-Pp

positive. It then follows that D, > 0 (since 1 — p; > 1). Thus z}; is increasing
in y; when p; <0.

Second we consider the case p; > 0 and rewrite

x:lD,Ui = (1 - pz) - (yl pxﬂ) - 5ZO-Z 11( i) i ’ul)‘rzl

Qo Ty 1 — B0i0a(0nxl, — ci — p;)x)

(15)
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Since xj; > 0 for all y; > 0 the sign of D, is the same as the sign of the left hand
side of (15). From the first-order condition (10) we note that as y; — oo the term
—pxt \ P . .
(%) is continuously decreasing and tends to zero for all p; > 0.°6 The
i1
Bioifi1 0z —ci—p;)xhy
1-3,0:0:1 (0512} —ci—p; )z,
(where this is strictly positive) where ¢ (z},) = p, for y; large enough. It follows

second term on the right hand side of (15) is greater than

that D, < 0 for y; large enough.
Finally we show that z; is decreasing in y; for all y; > g; for some ;. Rewrite

the first order condition

i (i —pri\ " Bioili1 0wy — ¢ — ;)
(1 - Pi) —\ -1 D (0w "
Q2 T 1 — 8001 (0nry — ¢ :ui)xil

figs Tk Q; i — s\
_ PTy + <p il ,01) 1 <y pi zl>
Yi Yi (875)] P27

The right hand side is decreasing in y; since px};/y; must be non-increasing

in y;,”" and ((y; — pajy) /xfy) """ is decreasing in y;. It follows that x}; D, is
decreasing in y; and so D, is negative at some §; and remains negative for all

Yi > Yi-

10.4. Parameter Estimates. Ideal BMI is set at 22.5, approximately the
middle of the range of medically normal BMI. The parameters for the metabolism
function w; = 0; - x1; — ¢; are estimated as #; = 1.3 and ¢ = 12.35 for men and
women combined, where x; is measured in hundreds of calories and gives the
daily caloric intake that leads to an equilibrium BMI of w;. This is derived from
previous work and biology literature as follows. Cutler et al. (2003) estimate a
weight equation in the form weighty, = (0.9 X calories—a)/b+ E where E ~ 14,
a = 879 and b = 11.6 for men, and a = 829 and b = 8.7 for women (Schofield,
1985). Rewriting this in terms of BMI rather than weight in kilos, we have

BT — wez"ghtkg _ 41 0.9 x 100 x calorieswundreds — a'
height?,  height?, b+ E

We estimate mean height of men to be 1.77 meters and mean height of women

to be 1.63 meters and for simplicity will assume these heights for the whole pop-

5STf a7 is decreasing in y; this is clearly true. If zj is increasing in y; then the term

Bi0i0i1(8i1x] —i—p;)
1_ﬂi‘7i97ﬂ1 (911’1'?1 —E;,j—/l,i)ﬂfz(l

o 1—p;
Sy — 00 as y; — 00, and so it (¥TPTiu also tends to oo as
’ ;2 Ti1

y; — oo for the first order condition to hold. It follows that yl%”r; tends to oo as y; — 00.
- il
5TThis follows from the result that % is increasing in y;. Multiplying the numerator
71

and denominator by z7, Y= can be rewritten as y;/x}; — p.
il
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ulation. The relative price of weight-enhancing food is estimated to be p = 80.
This comes from noting that an individual with income in the bracket whose
midpoint is $7500 has mean BMI of 29.8 so must purchase a caloric intake of
i = 32.4. From the US Consumer Expenditure Survey (CES) 1999, an in-
dividual with income of $7,500 spends approximately 35% on food (excluding
lean meat, fish, fruit and vegetables) and 65% on other non durables includ-
ing apparel and services, entertainment, housekeeping supplies, personal care
products, reading, tobacco, miscellaneous, lean meat, fish, fruit and vegetables.
Thus p; ~ (0.35 x 7500) /32.4. We do not need to estimate p, since the first

order condition can be written as

ap , (Yz‘ - p1$¢1)1_pi B Boli(Onzin — e — p)Y;

— =p;+
042p2 Ti1 h 1—- 5091(91%1 —&— M)Iil

and so py is incorporated into the parameter «, with @ = a;1p5 /a2, and we set
y; = Y; and p = p;. Finally we estimate a = 14.36, So = 0.00084, p = 0.53.
These three parameters are chosen to fit the NHANES data on BMI and income

given the other parameter estimates.
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