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Abstract

In order to explain the substantial recent increases in obesity rates in the United States, we model
a social process in which body weight norms emerge endogenously in relation to the empirical
weight distribution. We embed into the model a biologically accurate representation of variation
in human metabolism which enables us to describe a complete distribution of weights.
Consistent with data from two large surveys of body weights of the United States population,
covering the period from 1976 to 2002, we predict increases in average weight and substantial
growth in the upper tail of the distribution. This occurs as falling food prices influence individual
behavior as well as the endogenous weight norm, setting off a social multiplier effect. Relative to
earlier models pointing to the role of food prices in the obesity epidemic, we predict larger net
effects of price on weight, where the price elasticity should be greater in the long run than in the
short run. While previous models have made qualitative predictions of rising obesity rates, they
have not captured the specific changes in the distribution reproduced in our model.
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1 Introduction

Alarming statistics on the growth of obesity in the Unitedt8s (and, more recently, in other countries
as well) have been widely publicized in recent years. Opdsis become the object of grave concern
among public health officials, and has spawned voluminaesareh in the fields of medicine and public
health. Concern has focused on understanding obesity nigdeswell as on the cost of obesity-
related morbidity and mortality, in both economic and hurtexms (Hassan et al. 2003; Himes 2000;
Hamermesh and Biddle 1994; Cawley 2004; Pagan and Davila 199@)level of alarm has become
so pronounced as to have already spawned a backlaathile average weights increased steadily,
suggesting a rightward shift of the weight distributionrhmgs the most dramatic development is the
growth in the upper tail. Among women, for example, the 99tli) percentile weight moved from
215 (258) pounds in 1976-80 (NHANES 1) to 251 (305) pound$989-2000 (NHANES 99), while
over the same period average weight increased from 148 tgd68ds, as shown in Tablé3 The
official definition of obesity employed by the Centers for Rise Control (CDC) and by the World
Health Organization (WHO) is a body mass index (BMI) value ofa3(Qyreater, where BMI is the
ratio of weight, measured in kilograms, to squared heigtgasared in meters. For a woman 5’4"

tall, a weight of 175 pounds or greater classifies as obeskfoara man 5’9" tall, the obesity weight

LFor example the group Consumer Freedom (consumerfreedomltas criticized the emergence of food cops who
seek to impose “twinkie taxes” on fattening foods and otlisewegulate food intake.

2Changes of similar magnitude are observed in the BRFSS dateebn 1990 and 2002 as shown in Table 1 and Figure 5.
For men, 95th (99th) percentile weight increased from 28d)20 277 (338) pounds, and the average increased from 177
to 192 as shown in Table (see Figure 6 for men).

3The empirical findings presented in this paper are basedroplea of 30 to 60 year-old Americans from two surveys
administered by the Centers for Disease Control and Priewerfthe Behavioral Risk Factor Surveillance System (BRFSS
and wave ll, Il and 99 of the National Health and Nutrition Exaation Survey (NHANES I, 1ll, and 99). The BRFSS is
an exceptionally large random sample of the resident ptipnld8 years and older in participating states of the US-Sel
reported information on actual weight, desired weight asrtidgraphic characteristics is gathered in cross-sediiggeen
1990 and 2002 (1994-2002 for desired weight). We correqidtential bias of self-reported weights (see Villanueva)0
following the approach by Chou et al. 2004 using NHANES Iliadf@r the 30-60 year olds. NHANES I, 111, and 99 collects
information from medical examinations on weight and hesttius of a cross-section of the US population in 1976-1980,
1988-1994, and 1999-2000. Combining the data from thesesbweoces allows us to track changes in the distribution of
weight and BMI by demographic characteristics between 18¥énd 2002.



threshold is 203 pounds.

A number of recent papers in economics have sought to expsany obesity rates among adults.
The explanations have focused naturally on standard edorinoftuences such as falling food prices
and preparation time costs, and reduction in physical labdhe job (Chou et al. 2004; Cutler et al.
2003; Philipson and Posner 1999, Lakdawalla and Philip€@2p While these models can predict a
general secular trend toward rising weight levels (Phiipand Posner), and offer a suggestive theory
(Cutler et al.) to explain growth in the upper tail, none agésrio make predictions of the dynamics of
the overall weight distribution. These models tend towamgpsistic representations of the biological
aspects of weight gain, and essentially ignore social infies.

We show that a biologically sophisticated, agent-basedatow/olving mutual feedbacks between
individual behavior and an endogenous body weight standardexplain the dramatic growth in the
upper tail of the weight distribution over the past 30 ye&ardividuals in the model derive utility from
food and non-food consumption, and disutility from dewvigtirom the social weight standard. Con-
sumption preferences are identical, but individuals diffietheir genetic endowments of metabolism,
and so arrive at different weights when facing similar pgie@d income. The equilibrium distribution
of weights and the equilibrium weight norm that emerge ddpmnthree key factors: the distribution
of metabolic rates in the population; the rule relating tleeght norm to the empirical weight distribu-
tion; and relative food prices. Employing an explicit ancestifically grounded description of human
metabolic variation, we calibrate the choice model to womehe 30-60 year old age bracket. Consis-
tent with the empirical evidence, simulations of this mgaiedict substantial growth in the upper tail
(95th percentile weight) of the weight distribution, andrenanodest increases in average and median
weight, in response to falling food prices.

Recent economic explanations have emphasized the roleliafyfakices in the obesity epidemic,

4BMI values between 18.5 and 24.9 are considered “healthy] IBss than 18.5 is “underweight”, and BMI between
25 and 29.9 is “overweight” but not obese. BMI thresholds®&8d 40 are used to classify increasingly severe degrees of
obesity. The thresholds are based on correlations with idigrtand mortality risk (Kuczmarski and Flegal 2000). Seale
websites offer simple BMI calculators. See e.qg., http:Mwedc.gov/nccdphp/dnpa/bmil.



where price may or may not include the time cost of prepamgt@hou et al., Cutler et al., Lakdawalla

and Philipson). Prices of many food items such as chickerbaatihave fallen considerably relative to

the average price of all consumer goods since 1980 (seeeFlguyVhile earlier data on selected items
were not available, data on the relative price of food-atte@nd food-away-from-home show a decline
since the 1970s (see Figure 2). The CPI-based indices do asureethe time preparation costs of food,
however, so an estimate of trends in the full cost of food aomgion cannot be readily ascertained.
Cutler et al. (2003) find considerable declines in meal pipar time costs, and argue that these
declines, rather than falling food prices, are the morelylilexplanation for the recent increases in
caloric consumption and obesity.

A price decline plays an important role in our own examinatd recent weight trends, but we
do not differentiate between sources of decline in the fudidf price. Rather than identifying differ-
ent types of price effects on behavior, we are concerned théhinterdependency of market, social,
and biological forces in the determination of body weighhisTinquiry emphasizes the effect of ex-
ogenous price changes on weight norms, but the model alskesrjhat weight norms themselves
influence food prices, and therefore have important gemepalibrium implications. We hold nomi-
nal income constant across individuals and over time, liptite declines will imply increasing real
incomes. This pattern agrees with the long-term trend ihpeacapita disposable income since 1970
(www.bea.gov),

In addition to the quantities of food and other consumptindividual utility in the model depends
on weight relative to a social weight standard or norm. WHilke éxistence of weight standards may
seem like an obvious social fact, there is no general s@ientinsensus on how they are formed. While

recent research in sociobiology (Singh 1993, Pinker 199@)sfevidence that male preferences over

SThere is cross-sectional evidence of a modest negativeareship between income and body mass index (Chou et
al. 2004). However, the income gap in obesity prevalencenha®mwed over time (Maheshwari et al. 2005). Changes
in the income distribution, for example growing inequalityay have contributed to changes in the weight distribution
complete understanding of income effects would require dahof the choice of food quality, which—to our knowledge—
has not been proposed yet and is beyond the scope of the tpager. By abstracting from income differences across
individuals we can focus on the assessment of other potemfifanations of the variation in body weight.



female waist-to-hip ratios (WHRS) are roughly uniform acragsures and over time, the same research
recognizes significant historical and cultural differemaeconcepts of ideal weight and other aspects
of physique® Such ideals are typically inferred from the study of popitaagery such as paintings,
sculpture, and, more recently, magazines, televisionnaoves (Garner 1980). While such idealized
images have been shown to affect individuals’ self-assestand aspirations (Harrison 2003), people
are also concerned with being “normal” in relation to othsith whom they interact (Bandura 1986,
Dwyer et al. 1970). At the same time health professionalsgowrnments promulgate standards
indicating “healthy” weight levels by height and gendergasbodied in the BMI thresholds described
above. Weight standards are enforced through a number ahelsg including selection in marriage
markets and job markets as well as through psychologicainatization (Ross 1994), and the strength
of such enforcement might vary across social groups (BurkeHsiland 2005). Therefore a given
individual's weight aspiration is subject to a number oftatdl and social influences, and need not in
general conform to the physical ideals depicted in populedim

Our model of weight norms aims to capture, to a rough appration, the net result of such in-
fluences in a contemporary Western context. The model asstiratall individuals in a given social
group aspire to the same weight standard, defined as a fiakt&s than one, of average weight in the
population. Therefore the standard is subject to chanderigxample, prices affect average weight.
This specification, in which people aim to be thinner thanatwerage person in the reference popula-
tion, combines two basic assumptions: (1) that in conteargdiestern society thinness (up to a point)
is prized (Garner 1980, Mazur 1986), and (2) that individuedsess themselves in relation to others
rather than against an absolute scale. Note that the |agangtion creates room for gaps between the
prevailing Western ideal of thinness and the de facto stalsdagainst which individuals are judged.
Thus ours is not a model of the evolution of the media ideaaelves.

The idea that norms and standards reflect changes in aggtegjavior and are therefore flexible,

5The evolutionary explanation is that female waist-to-rifir is a better predictor of reproductive fitness and health
among women than body weight or breast size, and therefteetiom pressure should have been particularly strong on
preferences over WHR.



at least in the long run, is standard in sociology and antiiomy. While Veblen (1994 [1899]) and
other early institutional economists also took this viegas only relatively recently been given formal
expression within economic models, such as in Becker and iMtg§2000) model of social capital,
and in Frank’s discussions of social norms (Frank 1999). rEtegtive nature of self-assessment in
general has been validated by Easterlin (1974), who fousicseif-reported happiness was much more
dependent on relative rather than absolute wealth. Forogegof comparison, however, we also
analyze the case in which the weight standard is fixed. Ttas arelevant because the adjustment of
social norms is likely to take time to play out, and becausgar pnodels have posited a fixed exogenous
weight standard (Philipson and Posner 1999, Levy 2002). W that the differences between a
fixed norm model and a flexible norm model are not only quantéain terms of the effect of price
declines on weight, but also qualitative in terms of the amefeffects of price changes. The long term
implications of these differences are potentially quitgyéa and there is evidence to suggest that the
long-run, i.e. the time it takes for norms to adjust, is nageng at all.

Despite the casual observation that celebrities and madelthinner than ever, there is evidence
to support the notion that the weight levels to which Amergactually aspire have increased. This
evidence comes from the CDC’s Behavioral Risk Factor Surved&urvey (BRFSS), which contains
self-reported “desired weight” values in addition to s@ported actual weights for the same individ-
uals. While the data are not longitudinal, observations fobfierent survey years are instructive of
overall trends. In 1994 average weight for an American woman was 147 poundsite average
desired weight among women was 132 pounds. By 2002 the avBeabacreased to 153 pounds,
and average desired weight had increased as well, to 135dpowBimilarly for men over the same
time period, average desired weight increased by 3 pounds adtual average weight increased by 6
pounds. Observing the relationship between actual andediesieights for women by ethnicity, race,

and by state, we find that average desired weight within angiyeup is typically about 12% below

"There is no guide for correcting desired weight values sihese are inherently subjective. Therefore for consistenc
we use the uncorrected (self-reported) values for desindchatual weight in Figures 3 and 4. However, corrected alue
of the numbers we report are available on request.



the actual average weight for the group (see Figure 4), vathessmall but systematic variation in
this percentage across groups. For men, desired weightsaeerage only 5% below average actual
weight. Expressed in terms of BMI instead of weight, Figurdirates the relationships between
desired and actual values for men and women, aggregatimghe&994 and 2002 BRFSS data. These
observations inform some of the simulation exercises, iitlMve examine the effect of changes in the
fraction below average weight that individuals target.

The remainder of the paper is organized as follows. Sectidaes2ribes the theoretical model and
the comparative static effects of price on equilibrium virggand the equilibrium weight norm. Section
3 describes the numerical simulations of the equilibriunigivedistributions for various price levels

and model specifications. Section 4 concludes and discpsfieg implications.

2 Theoretical Framework

2.1 Agent-Based Model

The theoretical model takes an agent-based approachingolséterogeneous individuals interacting
within a social group. The nature of the interaction is treteindividual compares her own weight to
the group’s commonly-held norm or “reference” weight, anid tomparison enters her optimization
problem as described below. The reference weight itsetinsesfunction of the group’s weight distri-
bution, and is therefore subject to change over time. Thenagtgon of a common (relative) weight
norm is admittedly highly stylized, and we recognize thalividual weight aspirations are likely to
exhibit idiosyncratic variatiof. The model is applied primarily to American women in the 30a6@
group observed over the past 30 years. In the BRFSS data fob $6&6 old women, the coefficient

of variation of desired weight is 13.9%. However, the coedffit of variation of actual weight is sig-

80ne likely source of such variation is height. For a disaussif why we use a weight norm rather than a BMI norm
that adjusts for height see page 12 below.



nificantly greater, at 23.1%.In addition race is a significant explanatory factor in degiweight for
this sample. These facts suggest the presence of a socipboemt in the formation of weight aspi-
rations. The model focuses exclusively on this social camepg and assumes that the demographic
under consideration constitutes a single social group. uth & is likely to generate less variation
than a model with idiosyncratic preference shocks or mialtgubgroup-specific weight targets. This
approach therefore constitutes a conservative test ofxiplamatory power of social weight norms.
Equilibrium for the system is defined as a weight distribatésd a norm that are mutually con-
sistent. Each individual maximizes a myopic utility furetiover short-term food and non-food con-
sumption taking the reference weight and prices into adcURood and non-food consumption are
both goods, but deviation from the reference weight is a Badeneral expression of the one-period

utility model is as follows:

Ut [R,CtW-1] = Gi[Ft,Cit] — I(Wk [Fe, W1, &]] — Mi—1). (1)

R andG; represent food and non-food consumption for petiagdspectivelyW 1 is weight at the end

of periodt — 1, which is a product of past actions. Individual heterogfgnie captured byg;, which

is a stationary shock to basal metabolism described be{gwis the norm-independent component
of utility: it is strictly increasing and strictly concave C, and strictly concave but not necessarily
monotonic inF. The term beginning witl gives the social-interaction component, which is the cost
of deviating from the reference weighil. The subscript oM indicates that agents observe the value
of M at the end of periotl- 1 and take this as fixed in the optimization; in particulayttie not forecast
the value ofM that will emerge as a consequence of aggregate behavioriodpe The coefficient]
gives the strength of the social interactions, which is lweldstant across individuals. The presence of
a norm has the intuitive effect of lowering the variance ofghe in the population, even though not

everyone conforms to the norm exactly.

9For men the corresponding figures are 13.7% and 18.6%, tasngc
10we will refer to the reference weight alternatively as thenmor the target.
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The individual correctly anticipates her own end-of-pdneeight as a function of food intake, and
so takes into account the effect of current food consumpiothe cost of deviating from the refer-
ence weight. This cost is symmetric—it is just as undesiraibe underweight relative to the norm as
overweight— and is meant to capture several known typesraftissms. Stigmatization of overweight
(and underweight) individuals is well-documented (Myensl &osen 1999), and may entail for ex-
ample teasing, ostracism, and discrimination in hiringerRgessure and contagion regarding eating
behavior has also been observed, particularly among amwiegirls (Crandall 1988). Ross (1994)
has emphasized depression as a consequence of overwdightieftifies three causes of depression
among the overweight, two of which relate directly to thesgrece of socially derived weight norms.
For example she finds that some overweight individuals becdepressed as a direct result of nega-
tive self-perception, and that these individuals tend tormto social groups within which overweight
is rare. Ross also identifies chronic dieting as a source akedsjpn among overweight individuals
striving to conform to a thin norm. In addition, she finds tteg physical health consequences of over-
weight, such as diabetes and reduced mobility, constitseparate source of depression among the
overweight.

In addition to mental health costs, extreme overweight amdemwveight entail significant physical
health consequences. Several studies have shown, for Exahgi the risks of diabetes, heart disease,
osteoarthritis and other health conditions acceleratk intreases in body mass index (e.g., Must et
al. 1999). In addition, mortality exhibits a U-shaped relaship to BMI among men in the U.S., indi-
cating that underweight imposes similar mortality riskoasrweight (Troiano et al. 1996). Evidence
from developing countries, where underweight is much moegglent, indicates substantially elevated
disease incidence among low weight (BMI below 20) individu@zzati et al. 2002). A model with
deviation costs that depend on a mutable norm will captueedtealth costs only when the value
of the norm lies within the medically recommended range.hkparameterizations we consider the
emergent norms do in fact fall within this range, but in gahéne model does not constrain them to

do so. The health costs of obesity in particular are parfigcted in the increased per-capita health

9



spending among the obese relative to the normal weight ptpal(Thorpe et al. 2004). In addition

to psychological and physical costs, there are direct evanoosts associated with overweight and
obesity. For example, among younger white females (age4)@4he U.S., an increase in weight of
two standard deviations has been shown to reduce the aveeageby 9% (Cawley 2002):

Successive optimization of the one-period problem impti@svergence to a stable weight for any
given value ofM. This weight does not in general coincide with the stablegvethat optimizes an
infinite horizon problem in which one-period utility is givéoy U[.]. The myopic specification may
be taken to imply some lack of self-control, although we dbexplicitly model a time inconsistency
problem, as do Cutler et al. (2003). We believe the model isvehally plausible: individuals give
some thought to the effects of calorie consumption on weigit without full consideration of the
lifetime implications. While Cutler et al. (2003) offer a gitative explanation for growth in the upper
tail of the weight distribution on the basis of variation iretseverity of the self-control problem, the
heterogeneity in our model arises on the basis of knowntiamnian human metabolic rates, as discussed
below!?

For purposes of simulation and calibration we specify th&meation problem as follows:
Maxg, Uit [R, Ct[Wt1,0,8,B,d,Y,p, &, Mi] = (2)

aFi — 3R+ Blog(Cr + 1] — I(Wt—1 — (7/3500 (y-+ (p+ & )Wit—1) +.9Fx — M),
st. pRh+G <Y

Within the single period, calibrated to one week, the maginility of food, F, declines and eventually

becomes negative. The expression inside the parenthdkesirig J just amounts to the difference

The results in Cawley (2002) and in Averett and Korenman §).98ased on recent U.S. samples, show weight-related
earnings penalties only for overweight and obese indivglugince the incidence of underweight in the U.S. is limiteske
findings do not rule out the possibility of equivalent ecommoosts among underweight subjects.

2There is strong evidence that self-regulation of food iatiskdriven in part by biological factors (see for exampledzal
et al. 2004, and Spiegelman and Flier 2001). If low self-aari$ correlated with low metabolism the explanations may b
mutually reinforcing.

10



between end-of-period weight§, andM, as in equation (13
In this version of the model metabolism is linear in body vixjgand the short-term relationship

between food intake and weight (2) is:

W =W _1—(7/3500(Y+ (p+&)WM-1) +.9R. 3

Calories burned per day, not including those burned in diges given in the above by the terms
Y+ (p+¢€)W-1. This weight-linear specification is due to Schofield (1988)d has been used in
Cutler et al. and others. We discuss the merits and limitatminthis model below. We multiply
calories per day by /B500 to convert to pounds of body weight expended per weaedan the fact
that burning 3500 calories implies loss of one pound of bodygi. R is total food intake for the
week, measured as calories divided by 3500, or the equivale¢he caloric intake in pounds of body
weight!* Since digestion of a given amount of food requires on avel®§é of calories consumed,
we multiply by .9 to get food intake net of digestive metabolism (Schofiel85)9 Aside from the
calories burned in digestion, we assume for simplicity tabrie expenditure is limited to the basal
metabolic rate (BMR), or the calories needed only to sustasichzodily functions such as lung and
heart activity with the body at rest. The advantage of theuagption is that BMR is exogenous. Of
course, variation in physical activity also contributesvamiation in metabolism and therefore weight.
By abstracting from endogenous physical activity we assinaiethe number of actual calories burned
is strongly correlated with BMR. We assume that individualsectly perceive both their food intake
and this metabolism functiof¥.

The linear model of BMR in weight is based on empirical measierg and estimations by Schofield

et al. (1985). The estimated parameters are gender andagp-gpecific, and our simulations will use

B3This social interaction term is similar to those in Glaess &cheinkman (2002), Brock and Durlauf (2001), Burke
and Prasad (2003), and Becker and Murphy (2000), amongsother

14This is not the same as pounds of food consumed, becausddhie value of food depends on more than its weight.

5There is evidence that people systematically underesgirthatir caloric intake (Wansink 2004), but we ignore this
problem in the current paper.
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the estimates for women in the 30-60 year old age gf§uss suggested by Leibel et al. (1995) and
Rand (1982), however, we make the disturbances proportiove¢ight: the shock; is normally and
identically distributed with mean zero and standard dematd:. Because the shock is multiplied by
weight the errors are heteroscedastic by weight classk&thie homoscedastic case, this specification
implies an asymmetric equilibrium weight distribution,tlvia long upper tail mirroring the general
shape of the weight distributions observed in the BRFSS and NEER\data.

We do not model height explicitly here, but the specificatioes not rule out variation in heights
across individuals. We choose to abstract from height rdiffees for a number of reasons. First,
Schofield argues that individuals of different height arelghme weight have the same BMR on aver-
age. In addition the Schofield residuals are not heterostieda height, even though the distribution
of height varies by weight. Most importantly, average h&dbr women in the United States increased
by approximately 3 centimeters, or less than 2%, over thddas decades (see e.g., Komlos and Baur
2003). Although we claim the model need not imply constaimglite across individuals, we express
the common norm as a weight value rather than a body mass {(Bdl&lx defined above) value which
adjusts for height. While the BRFSS data do indicate variationdividual desired weights with actual
weight, the values do not vary sufficiently in height to rendiesired values of BMI constant across in-
dividuals. In fact the desired BMI values implied by the BRFS&dkecrease systematically in height.
Thus a model positing a common desired BMI value is not neagsseore realistic than one involving
a common weight normy’

While the Schofield equations have become a de facto stanoiapadedicting BMR, some aspects
of the estimates have come into question by Horgan and S{@bb8) and Pullicino et al. (1996). The

former showed that the Schofield equations substantiakyestimate BMR for the obese, a problem

16Cutler et al. (2003) also reference the Schofield model, tdatriot clear which model or age group for women they
consider. When we convert the Schofield values, measuredgajmees per day, into calories per day, we do not reproduce
the coefficients stated for women in Cutler et al. (2003).

"Anecdotal evidence suggests that weight values are mogt foan BMI values, especially given the complexity
of computing BMI. Interestingly the study of Playboy modeigntioned above found that their weights have remained
constant since 1950 at the same time as their heights haeased significantly.

12



due in part to the dearth of obese subjects in the Schofield datawing on these findings we also
run our model for a weight-BMR relationship that is quadratieveight, such that BMR per unit of
body weight declines in weight. Again the idiosyncratic cksare multiplicative in weight, but do not
affect the coefficient on weight-squar&iThe quadratic relationship between weight and metabolism
we adopt is as follows?

Kcal per day= y+ (p + &)W —.00IW2. (4)

3 Definition of equilibrium

Individuals in the population are identical in all of the pareters of the utility functionqy, B, p, v, J,
M, have identical incomes, and face the same prices. The aplick source of heterogeneity is the
idiosyncratic metabolic shock;. The full equilibrium conditions under the linear metaboli model

can be expressed as followf:

a — 28F°— 1.8J(W°— (7/3500) (Y + (P + &)W°) +.9F°— M%) = Ap, (5)
F°= (1.12)(7/3500 (y+ (P +&)W), (6)
M= (5 5 W) )

187t the current time, however, there appears to be no generalensus as to the best model of BMR fitted to the
entire weight distribution, and there have been few attsrigpéstimate this relationship among large representgtoeps.
Evidence suggests that predicting BMR for higher values @bt requires also a measure of the body composition in
terms of fat vs. lean body mass (Pullicino et al. 1996). Oudehaloes not explicitly describe the composition of body
weight, but the quadratic specification is consistent withfinding that overweight individuals tend to have excesbivdy
fat rather than excessive muscle (Pullicino et al. 1996).

Eventually as weight increases, the quadratic model impliat metabolism declines in absolute terms with weight.
Such declines have not been observed empirically, and tieusibdel becomes less accurate for very high weight levels.
While the threshold at which metabolism begins to declineveel the slower is individual metabolism, in the simula-
tions only a small group of very low metabolism individual®eexperience decreasing metabolism. Nonetheless for our
parameter choices and distributional assumptions, emergonverges to a stable weight in every experiment.

20gquilibrium conditions for the quadratic metabolism moded equivalent but analytically less transparent, so we use
the linear specification here for ease of exposition.
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The conditions apply to an interior equilibrium, in whiclaiste food intakeF:S, stable weighty\¢S, and
stable non-food consumptio@iS are all strictly positive.MS is the equilibrium weight norm, which
according to equation (7) is some fractidnof the average stable weight that arises under this norm.
Equation (5) gives the first-order condition on food constiomp whereA is the Lagrange multiplier.
Equation (6) guarantees that per-period food intake mamtaeight at the IevéWiS. Equations (8)
and (9) are, respectively, the first order condition on nmedfconsumption and the budget constraint.
The equilibrium norm depends on the relative price of fobd,distribution of individual shocks, and
the magnitude o8, because these determine the stable individual weightsamsLimption levels for
any fixedM. The equilibrium norm (and therefore the weight distriba)i also depends oy which
we will set at.85, .88, and.95 in various simulations. Equilibrium depends on inconwelle and the
remaining parameters as well, but we hold these fixed throuighe analysis.

Assuming the shocks are normally distributed, the expaake of the equilibrium norm is defined
implicitly as a function of prices by the following equatian which¢(.) represents the standard normal

density function:

ME(p) =2 |~ WS(MS(p). p.&)etei /0 )de. (10

It should be noted that because the absolute shocks areswegdastic in weight, the expected average
weight in equilibrium does not correspond to the stable Wigigr the individual that draws; = O.

Under our functional form and parameters, an interior dopiiim exists and is unique for each
realization of the metabolic shocks. The existence anduemegss of a (stable) equilibrium norm
follows from two (necessary and sufficient) properties @f thodel: (1) each individual has a unique
stable weight for every possible valueMf and (2) the rate of change of the stable weights Wtls

positive and less than one. The existence and uniquenessatfla weight for a giveM ande; depends
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in turn on three necessary and sufficient conditions: (la)ique solution to the one-period problem
exists for each starting weight; (1b) optimal caloric irdalecreases (increases) as one’s initial weight
gets farther above (below) the target weight or norm; anjltfiectotal number of calories burned per
day is strictly increasing in weight for each individual, atate less than orfé. The stable weight
solves the one-period problem when the initial weight hagpe be the stable value, but it is not in
general the individual’s optimal stable weigtFrom any initial state of the system, convergence to
the stable weight for any value bf, as well as convergence to the equilibritvhfor given parameters,

are both guaranteed. We provide verification of these agsstih the mathematical appendix.

3.1 Comparative statics and the social multiplier

Before turning to the experimental results it will be usetutiescribe the effects of the central param-
eters, namelyp andJ, on individual and aggregate behavior in equilibrium. Fasnsider the effect
of a change in the price of food on equilibrium outcomes. Irtipalar we have in mind a decrease
in the price of food caused by an outward shift in the food $upprve, reflecting a decline in food
production and preparation costs (as in Philipson and Pd€89 and Cutler et al. 2003). At the indi-
vidual level, price has both direct and indirect effectse Tirect effect is the change in stable weight
holding the norm fixed. However, given that each individudjuats her weight in response to the price
change, the norm must be updated. But the norm change in tisrofsadditional changes in weights,
until a new equilibrium is reached. The latter is an exampke‘social multiplier” effect, as in Becker
and Murphy (2000), Glaeser and Scheinkman (2002), Brock amthOf (2001), and Burke and Prasad

(2003). The total effect is expressed as the decomposifitrese two effects as follows:

dws  owS  oawSdmS
dp dp oM dp’

(11)

21sufficient condition (1c) may be violated in the quadraticdeicfor individuals with extremely low metabolic shocks
(see Footnote 16).

22The optimal stable weight would maximize one-period wtiitibject to the constraint that weight be unchanged during
the period.
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where the expressioﬂ&'\"fS refers to the change in the equilibrium norm caused by theeprhange.

The first term is negative: it is optimal to eat more, and tfeeeeweigh more, the cheaper is food,

ceteris paribus. As weights rise so does any positive fandaif the average, and weight always moves

S

directly with the target weight! (that is‘z;i,v'I is strictly positive). Therefore the social multiplier ett

reinforces the price effect, guaranteeing that the equilib weights and the equilibrium norm are
. . . dWS dms

decreasing in price, that R < 0 and%p < 0.

Similarly we can decompose the price effect on the equiliarnorm as follows:

ows
dV°_ § o QN | OWDdM®, N3Gy (12)
NZI oM

The numerator in the last expression on the right represieaisffect on the norm caused by the partial
price effects on individual weights. The denominator, Vkhis always less than one, represents the
social multiplier effect on the norm: the partial price effeare amplified by the factor/{1 — m),
wherem = %Zi %‘IS is the so-called “social multiplier,” following Becker anduyphy (2000). The
social multiplier in this context is simply the average (tplled by the factor) of the partial effects

of the norm on stable weight, which in our model are uniforpdgitive and strictly less than one (refer
to the Mathematical Appendix for exposition).

Becker and Murphy (2000, p. 15) assert the following with eetgo social interactions: “The
social multiplier, and the likelihood of a large responsetcommon change, increases as the influ-
ence of a group over its members rises.” In general the litexaon social interactions has reiterated
the prediction that small differences in fundamentalduiding prices, will lead to large differences in
outcomes, and larger differences the greater the degrexafl somplementarity. However, a formal
analysis of the variation in price effects with the strengftisocial influence yields a surprising result:
while the social multiplier does indeed increase with tmergjth of social complementarity, the equi-
librium response to a price change might actudigreasevith the degree of social influence among

group members. In the terms of our model, it can be shown kieaeffect ofJ, the term indicating
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the strength of social influence, on the price effects desedrin equations (11) and (12), is ambiguous.
The ambiguity arises because strong social influence makgghtwelatively insensitive to price, all
else constant. And so, despite the fact that the lalg@aplies a larger social multiplier, it also implies a
smaller effect to be multiplied. In terms of equation (12),iacrease ird reduces the denominator but
simultaneously lowers the numerator. Simulations wiliile an example in which a largédeads to
smaller, rather than larger, responses of equilibriumants to price changes.

We have assumed that the initial price change is exogenotieetamodel. However, the social
multiplier effect represents an outward shift in the foodhded curve. To restore equilibrium the price
of food would have to increase relative to its value afterittigal decline. We do not in the current
framework include a model of food supply, and so do not deteefinal equilibrium price explicitly.
Unless the multiplier effect is very large relative to thete price effects and food supply is highly
inelastic, however, it is not likely that the demand shiftlyush the price higher than its original
equilibrium value. Assuming the final equilibrium price rsfact lower than the original equilibrium
price, it is readily shown that weight gain is still greateain endogenous norm model than it would be

in the absence of multiplier effects.

3.2 Welfare effects of price changes

Consumer welfare in our model depends only on weight relapitke flexible social norm, regardless
of how this norm compares to a healthy weight standard. Thesvelfare effects of price changes
are potentially quite different than welfare effects foramsumer that compares her weight to a fixed
health standard. A model of the latter type of consumer wauitply hold the norm fixed at some
healthy weight value. By separating out the welfare effetts price decline holding the norm fixed
from the welfare effects induced by changes in the equiliarnorm, we can compare the welfare

implications of our model to those in a model emphasizingatieolute costs of weight gain. To do this
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we decompose the total welfare effect of a price change immgtel as follows:

dvs dFSY\ owsS acs dFS dFs OWSdMm s dM
= | (Ve ) g U || (Ut e s e ) (G ) 22 005
(13)

whereVS refers to the agent’s utility in equilibrium, ang%ss represents the increase in food con-
sumption required to maintain a higher stable weight vafuey refers to the marginal utility of an
increase in the stable weight, which is the same as the nangiifity of an increase in final weight
within a given period. The terms inside the first set of squmaekets represent the welfare effects of
the price change holding the norm fixed. The terms inside ¢lgersd set of square brackets capture
the additional impact on welfare prompted by the changearetjuilibrium norm. Assume in an initial
equilibrium that the consumer weighs more than the norm hirclvcase the marginal utility of weight
gain,Uy, is negative and the marginal utility of foodg, is positive. Holding the norm fixed, a food
price decline may or may not make the (myopic) consumer bette\Welfare will improve only if the
benefits of added consumption (of both food and non-food gjpodtweigh the costs of weight gain,
where in a fixed health norm framework these costs can bepnetid as additional health risks.

Now consider the welfare effects prompted by the adjustroétite norm. The social multiplier
effect set off by the price drop induces additional weighhgand food consumption, but less non-food
consumption (to satisfy the budget constraint holding mmea@onstant—this need not imply lower non-
food consumption on net when including price effects as)wdlso, in the aggregate it leads to an
increase in the value of the weight norm. Again the effechibiguous. The benefits are that she eats
more and, ignoring the price effects on weight, her own weigbves closer to the norm. The latter
result holds (for an initially overweight individual) bacse the increase in stable weight caused by the
norm change is less than the increase in the norm, t%sx 1. The cost is that she gives up some
non-food consumption.

Given the ambiguity in both components of the welfare chatige net welfare effects of a price

23In a linear metabolism model this number would be a constattdepends on the individual’s shock; with quadratic
metabolism this value still depends on the idiosyncratac&hbut it also decreases linearly in stable weight.
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change are ambiguous, hinging on the relative marginatiesiland disutilities of weight gain, con-
sumption, and deviation from the norm, and on the magnitda@danges in behavior and in the equi-
librium norm. The indeterminacy applies to initially ovezight as well as initially underweight in-
dividuals?* Also, because for a given price change welfare in a fixed-nowdel may move in the
opposite direction as in a moving-norm model, the consunmeasir framework may prefer a world
with flexible norms to a world with fixed norms. However, hbatare professionals (and healthy in-
dividuals that subsidize the costs of treating obesitgtesl disorders) would likely prefer that people

judged themselves against a fixed health stanéfard.

4 Experiments

The simulation exercises generate equilibrium weightithistions and norms under various specifica-
tions of the model, and compare the simulated distributiortte empirical evidence. We calibrate the
model to women ages 30 to 60, setting an initial list of par@nseo roughly match average weight for
this group observed in the 1990 BRFSS data, and the food buldgest sstimated by Huang (1993).
The goal is to assess the model’s ability to predict highemeras of the distribution, most importantly
to capture the growth in the upper tail of the distributiosetved over the past twenty years. To do this
we examine the shape of the simulated equilibrium weigftidigion at three different price levels
meant to roughly reproduce food price declines in the U.8vé&en 1976 and 2002. By comparing
price effects in the endogenous norm model to an alternaiitrea fixed norm we also obtain an es-
timate of the social multiplier. To reveal the respectiviesmf genetic, social, and economic factors,

we compare the price effects under different descriptidmsedabolism, different specifications of the

24simulated welfare effects are discussed in Section 3.2.3.

2SWelfare effects in a model with forward-looking consumeviether norms are fixed or flexible, are unambiguously
positive. Philipson and Posner (1999) show this for the fixen case. Cutler et al. (2003) raise the possibility of arelf
losses for individuals with imperfect self-control, buethestimate that the costs of weight gain have likely bees des
average than the benefits of time savings in food preparafibis argument hinges on a calculation that the time saved in
food preparation was more than enough time to burn the adaledes consumed by the average American over the time
period they measure (1965-1995).
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target weight, and differing degrees of social complemégtaDespite some ambiguities the model
does a good job replicating the recent trends in the weiggitidution. In addition to rising average
weights and rising obesity rates, the model captures threases in 95th and 99th percentile.

In each experiment we draw 50000 values from the shock iigion; these values are held fixed
across the experiments to prevent noise from clouding fieetedf changes to the model. For a given
set of parameters stable equilibrium weights always beanarse, one-to-one relationship to the
metabolic shock. Low metabolism individuals eat less thasé¢ with higher metabolism, but not
enough less to compensate and therefore weigh more inlmquai. Two individuals with similar
shocks, existing in communities targeting different norongacing different prices, however, will
have different weights in equilibrium. As such the modeldbaks biological, social, and economic
influences rather than being narrowly deterministic in anyathsion. The results from the experiments
are presented in a series of figures of simulated weighilaisions following the text. To facilitate the

comparison we provide a one-page summary of these distmsuin Table .

4.1 Calibration of model

For the linear metabolism case we adopt Schofield’s poiihasts of the constant term and the co-
efficient on weight for women in the 30-60 year old group. Resipely these values are 844 and
approximately 37, where units are kilocalories per day and weight is exge®s pounds. In the
quadratic case we use the same coefficients on the lineas tertradd the term-.000V2. Recall that

€ represents the idiosyncratic metabolic shock, which plestthe coefficient on weight (but not on
weight-squared) in the metabolism function. We assumedima ts normally distributed with mean
zero and standard deviation of7/@. This value implies an average absolute deviation that lisie
with the mean of the relevant (additive) Schofield residudlte quadratic coefficient implies that
metabolism for a 200 pound woman is 40 kcal less per day uhdeayuadratic specification than under

the linear model, implying a weight increase of 4.17 poundwually holding caloric intake constant.
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For a 120 pound woman the corresponding annual weight gaidvwee 15 pounds.

To calculate obesity rates we measure the percentage ofigpbapweigh more than 174.5 pounds.
For a woman of average height, approximately 64 inches irUtlge for the relevant age group, this
weight implies a body mass index of 30, which is the officiaésibty threshold established by the
Centers for Disease Control. The marginal utility of the finsit of food in a week is identical across
individuals and exceeds the marginal utility of the firsttuwfinon-food consumption by 18%. Income
and prices are chosen such that in the baseline equilibhienaterage person is spending about 20%
of her income on food purchases, which matches empiricasurements (Huang 1993). The price
represents the price of 1 pound of body weight, or 3500 adorvhich is about the amount burned in
1.5 days by a moderately active 140 pound woman. In nominalgevenexperiment with this price at
$50, $40, and $32. Income was set at $600 per week a28Blper year.

The price in the model represents the full (or shadow) priggaducing calories taking into account
the consumer’s costs of inputs to food production, inclgdiath raw inputs and time costs. As Figure 1
suggests there is evidence that the costs for key food impuigeal production have fallen substantially
relative to the basket of all consumer goods. The prices ofirgpt beef, chicken, eggs and lettuce
have grown 50 percentage points less than the price for theuooer basket since 1980. In addition,
there is evidence that the time costs per meal have declinedadgreater availability of restaurants
(in particular fast food and take-out) and technologicalaades in food processing, storage, and food
preparation. Cutler et al. (2003) show that the average atmfutime spent on food preparation
and cleanup declined from 53 to 31 minutes per day (42%) l@iv®75 and 1995 for 18-64 years
old. While there is no definitive guide to weighting theseetént costs in the full price of food, the
simulation exercises investigate the effects of a 36% dedh the full price per calorie since 1976-
80, which seems quite plausible given the observed devedopof relevant input prices during that

period?®

26As shown in Figure 2 the Bureau of Labor Statistics estimtitasthe relative price for typical food-away-from-home
increased until 1978 but has declined by almost 6 perceimaiges since then. The relative costs of purchasing the@ypi
food-at-home consumer basket are estimated to have d@din&5 percentage points between 1978 and 2002. However,
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4.2 Linear vs. quadratic metabolism

As discussed above recent studies have found evidenceasaltinetabolism per unit of body weight
is substantially lower for obese individuals than for ndrese people. While a weight-linear model
provides a good fit for the non-overweight population, itregtimates basal metabolism for individuals
in the upper tail (Horgan and Stubbs 2003). This fact is nst guconsequence of selection. While
individuals that inherit a low metabolism shock are morelijkto wind up overweight, and this is
true in our model, basal metabolism per pound per day isdudbBpressed as a given individual gains
weight in the form of excess body fat. This is true even for-ogarweight individuals that experience
changes in body composition without becoming overweig @ullicino et al. 1996, and Horgan and
Stubbs 2003). Previous economic analyses of obesity hapedithe linear model of metabolism, and
ignored idiosyncratic variation. While such models can gateeresults for a “typical” individual, they
cannot make reliable predictions across the populaticshyalh miss important dynamics that arise as
the weight distribution moves to the right. Cutler et al. poariation in preferences to get variation in
outcomes, for example invoking variation in self-contmékplain growth in the upper tail of the weight
distribution. Without an explicit model of heterogenelgwever, this prediction seems vague and ad
hoc. Although they do not derive the population-level imations of the linear metabolism model, we
find that the linear model fails to capture important feadwokthe empirical weight distribution. This
finding supports the biological evidence that the linear eh@xinot appropriate for heavier individuals.
To draw out these results we examine the effect of decrefsotbprices within both the linear and

guadratic specifications of metabolism, holding all otremgmeters fixed. By assumption the reference

the overall food CPI is not a reliable measure of the pricecpéorie of food, and the index is likely to have substantiall
underestimated the decline in the price per calorie ovepénmd of interest. This is due to the changes in the CPI weigh

on individual food items and changes in the list of includednis to reflect actual consumer expenditure patterns (s€e BL
Handbook of Methods, http://www.bls.gov/opub/hom/pdffich17.pdf). Consumption data show that the share of eslori
coming from fats in the typical American diet has increasedf17.7% to 21.4% between 1970 and 2000. Since fat has
more calories per gram of food, even a diet involving the sammaber of grams of food will now contain more calories.

If the CPI weights capture this trend the total calories & lasket must have increased. In addition since the CPIbaske
reflects actual expenditures its energy content may alse inaveased due to growth in portion sizes. USDA consumption
data show that per capita calorie consumption (adjustelb$ses) has increased by about 22% since 1975 (see Putnam et
al. 2002). In addition, as argued before, falling time casésnot accounted for in the CPI data.
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weight is defined as 88% of the realized average weight inlibguim, consistent with the findings
from the BRFSS for women discussed above. In both models thghtvdistribution is asymmetric
in equilibrium as a result of the heteroscedastic shé€kdowever, for the linear case the 95th (99th)
percentile of the distribution increases by 21 (24) pourgdtha price falls while in the quadratic case
the 95th (99th) percentile is greater at each price level thahe linear model, and increases by 24
(30) pounds as price falls from $50 to $32. For more detagsFgures 7 and 8. According to the
NHANES the 95th (99th) percentile of the female weight disttion (ages 30 to 60) increased by 36
(47) pounds between 1980 and 2360.

The quadratic model’s predictions under the $40 price m#teh1988-1994 NHANES Il data
quite well. For example the model predicts an average wefjh67.6 pounds, a standard deviation
of 31.3, a 95th (99th) percentile weight of 214 (260) pounds, anligdpbesity rate of 23%, and
a skewness value of.116. The corresponding NHANES IlI values for 30-60 year olohven are
1574 (mean weight), 3% (standard deviation), 23% obesity rate, 231 (290) pounds (95th (99th)
percentile weight), and 1.207 (skewness). See Figure 8héwe detail. The parameters were selected
only to approximate the average weight value of 157 poundkigtprice; the remaining statistics
were not computed in making adjustments to the calibrafidre quadratic simulations capture most
of the qualitative changes in the NHANES data before and 4888-1994, where the $50 price is
meant to represent 1976-1980 and $32 represents 1999-20@€rms of quantitative comparisons,
if the real “full” price of food fell by 20% over the 1988 1994 to 1999- 2002 period, the quadratic
model slightly underestimates the magnitude of the prifexef on mean weight, 95th (99th) percentile
weight, and the standard deviation. However, the linearehpdedicts even smaller values for the
standard deviation, both in levels and price effects, abagedmaller increases in 95th (99th) percentile

weight.

2"When the shocks are homoscedastic the equilibrium disivitsiare symmetric.
280ver the same twenty year period 95th (99th) percentile Wteitso increased steadily for men. We discuss gender
differences in Section 3.2.3 below.
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4.3 Exogenous vs. endogenous norms

In contrast to our endogenous or evolving norm specificattmer models that include a weight norm
(Philipson and Posner 1999, Levy 2002) treat the norm asemmgs. While the exact basis for the
norm is not specified in these models, the interpretatiorhtriag that desired weight is targeting an
objectively optimal weight from the standpoint of healthagyenetically hard-wired aesthetic standard.
Alternatively norms may adjust with a lag, such that the examys case captures the short run. A
comparison of outcomes between these specifications mayafiasis on which to test their relative
validity, in addition to yielding an estimate of the relaigffect of prices and the social multiplier. The
fixed norm case simply holdd constant at some arbitrary level; individual optimizataamditions do
not change, but the norm-consistency condition is no longlevant. Any given value d¥ results in

a unique distribution of stable weights regardless of wérethe norm bears the right relationship to
population weights.

Adopting the quadratic model of metabolism and employirg $hme sets of metabolic shocks
across the cases (and the same as in the experiments abeve)mpare the effect of price declines
between the fixed and moving norm models. The results for ¥eel fnorm experiment are presented
in Figure 9. In the exogenous model, we set the norm equas exuilibrium value in the endogenous
model for the price of $50 (see Figure 8). Therefore whenepigc$50 the distributions are identical
in both models. As the price falls to $40 and the norm is helddign each run at a value close to
130 pounds) the changes represent the partial effects @ pn the equilibrium weights. For this
price drop, all the statistics of interest increase: theimmstndard deviation, skewness, 95th percentile
weight, 99th percentile weight, and the obesity rate. Aeigd the increases are consistently smaller
than when the norm adjusts, and the models get farther apprice falls further. See Figures 8 and 9
for specifics.

This comparison provides an estimate of the social mudtigifect, both in absolute terms and in

relation to the partial price effects. Recall from above thatsocial multiplier represents the (adjusted)
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average of the partial effects of the norm on weight, that is

m= % IZ W (14)

Our estimate of this value measures the ratio of the aveedg®f change in average weight (multiplied
by .88) to the average rate of change in the equilibrium norer a given ten-dollar price interval. For
a price drop from $50 to $40 the estimated social multipet89. This value implies that the rate of
change in average weight caused by a price change will2g&times its magnitude in the fixed-norm
case. If the weight norm adjusts with a lag, the price elagtaf body weight should be greater in
the long-run than in the short-run. In contrast a standardrral choice model, with no sticky eating
habits and fixed or nonexistent weight norms, should not @xgesignificant time-horizon effect on
this price elasticity. The challenge in testing this prédic will lie in deriving independent estimates
of the length of the short-run, and in isolating the long-etfiiect of a one-time price change from the
effects of subsequent price changes.

We also track the welfare effects of the price changes in dinéexts of the fixed and moving norm
models. With an endogenous norm, we find that the initialgpcicange, from $50 to $40, leaves most
individuals, 80% of the population, marginally better offhe greatest welfare gains accrue to those
closest to the initial weight standard. Gains decline witiial differences between weight and the
norm, eventually becoming negative. Welfare gains (Igssesnot symmetric in the metabolic shock,
however, given the concavity of the metabolic function, &ady low metabolism individuals suffer
the greatest losses. When price declines from $40 to $32 thuegels are very similar, and 79% of
the population is made better off. If norms are held fixed, &y, the initial price change improves
welfare for only about 47% of the population, specificallpgh in the upper half of the metabolic
distribution. Welfare gains (declines) are slightly srealigreater) for the second price decline, and
only 37% of the population is made better off. Therefore sstauttial portion of the population fares

better in a society with flexible norms than in one with rigidrglards, where welfare is evaluated on a
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subjective and relative scale.

4.4 Effect of variation in the reference weight model across groups

So far we have defined the equilibrium reference weight as b&Béw the mean population weight,
based on the desired-weight data for women. However, dbsieghts for men are closer to 5% below
average male weight. We also find significant differencesabg but within gender, in the relationship
between mean desired weight and mean actual weight. Thebegisuggest that weight norms are
gender and race specific, and that we might expect systedifdicences in weight distributions across
groups as a result. To elicit such differences we derive fieeteof variation in the norm target on the
weight distribution. Taking the same 50000 shocks, we gehttm at 15% below mean weight in one
experiment, and at 5% below in another, under the quadratialmlism model. For the baseline price
of $40, the “low target” group arrives at an equilibrium noain132.9 pounds, with a realized mean
weight of 156.4 as shown in Figure 10. Predictably theseagaduwe lower than those for the high target
group, in which the norm was 152.6 and the average 160.6 asmshd-igure 11.

While the average weights are just four pounds apart, the mmrmgroup has a less skew distri-
bution. Skewness again varies inversely with price, angtiw effect on skewness is greater for the
group targeting the high norm. The comparison is relevantate-female differences because desired
weights for men are on average only 5% below average actughtge This difference is consistent
with findings of greater body dissatisfaction among womemtmen (Mintz and Betz 1986). While
other things are clearly not held constant in a comparisanesf and women, we do see the predicted
qualitative differences in the distributional trends bynder in the NHANES and BRFSS surveis.
For example the standard deviation and the skewness of tightekstribution was lower for men than
women (contrary to the model’s prediction), and both insesbover the time period for men while the

skewness declined somewhat for women (see Figure 5 and @)e\do, we cannot at this point guar-

29The fact that male desired weights track closer to the menatia consequence of the fact that men’s actual weights
are closer to medical ideals to begin with. Mean BMI for mearnify half a point below that for women.
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antee that the predicted differences are robust to a ragaailithe model to match male metabolism.
While the relationship between media-promulgated bodylsdead actual desired weights is com-
plex and uncertain, it is possible that the popular imagesy¢aused a reduction in the target weights
as a proportion of the mean, if not in absolute terms. We ebseabove from the BRFSS data that
average desired weight for 30-60 year old women, as a fraofiactual average weight, fell from .877
to .865 over the period from 1994 to 2000 (.943 vs. .933 for)m#mpopular imagery tends to exalt
what is scarce or unattainable rather than what is regligtec fact that models and celebrities have
gotten thinner as the rest of us have gained weight makesralfense, and need not contradict the

assertion that the de facto norms to which individuals aspiove up with actual weight.

4.5 Variation in the strength of social interactions

We now consider how variation in the coefficiehtwhich affects the cost of deviation from the refer-
ence weight, affects equilibrium outcomes. Again we defireertorm as 12% below average weight.
Not surprisingly a higher value &f which represents stronger social influence, reduces tienee of
weights within a group, and reduces the skewness of theldison. In a simulation setting at .01,
the equilibrium norms, means, standard deviations, skesyrand 95th and 99th percentile weights
are all lower (in the quadratic model) for each value of ptltan in the previous simulations with
at .002. In addition, the price effects on equilibrium outas are smaller for the larger value bf
(compare Figures 8 and 12). In this case stronger sociahictiens reduce the sensitivity of weight to
price, ceteris paribus, and reduce the net effect of pricequilibrium weights, despite the presence of
a larger social multiplier. In general, however, as disedss the context of the comparative statics,
the effect of on price effects is ambiguous.

Our example illustrates a case in which strong social infleenay be seen as restraining the growth
of obesity in response to falling food prices. Such an outevould confer physical health benefits

on some, but also would impose higher costs on non-conftsnfRegardless of the net welfare effect,
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the analysis raises the question of what determines thegstr@f social influences on body weight.
Sociological research has found that age and gender, antbeg factors, play a role, and young
white women have been identified as a group that feels stroegspre to conform to weight norms
(Dwyer et al. 1970, Ross 1994). In a companion paper (Burke ailhmtl 2005) we advance the
hypothesis that more educated women face a higher devietistrthan less-educated women, on the
basis of wage penalties and delayed childbearing. The noagilires important qualitative differences
in female weight distributions in the U.S. by education sJasnd suggests possibilities for further

research concerning differences by race, ethnicity, atidmedity.

5 Conclusion

This paper presents a new framework for relating the ineréa®besity rates to falling food prices.
Relative to earlier models also emphasizing the role of priae predict larger effects of price declines
on weight, due to the social multiplier effect. This effectars because, as prices fall and weights rise,
the reference weight to which individuals aspire also iases, and weights adjust upward further in
response. This latter response implies an outward shiftefdod demand curve, and an offset to the
original price decline in the eventual equilibrium. Und.isteffect an increase in food supply leads
to an increase in demand. If norms adjust with some lag theehprédicts that the price elasticity of
body weight and food consumption should be greater in thg#on than in the short run. With myopic
behavior and moving norms a decline in the price of food maydandividuals worse off.

In addition to general increases in weights, our model expldne large increases in the size of the
upper tail of the weight distribution. This prediction esiin part on another important innovation of
our framework: the explicit representation of metabolitehegeneity. This model enables description
of a complete distribution of weights. As prices and foodlkat change, the changes in metabolism
as a function of weight interact with endogenous changesenweight norm to produce changes

in the shape of the equilibrium weight distribution that moirrecent empirical trends. While other
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models have predicted qualitative increases in obesigsyat doing so they have relied on variation
in preferences, and have not precisely linked the indiditieéerogeneity to descriptions of complete
weight distributions at different prices.

In future extensions of this research we hope to incorp@neta greater complexity in the model of
metabolism. Research shows that in addition to metabolicgdgmwith body weight and composition,
metabolism may exhibit path dependencies. For examplaahdieters may experience a reduction in
metabolism, and the body may resist attempts to alter wéight a long-established value (Labayen
et al. 2004). These dynamic effects emphasize the potemgakrsibility of weight gain, and stress
the importance of prevention for individuals wishing to mvpermanent overweight or obesity. As our
model shows, however, unless individuals take such longdgmamics into account they are unlikely
to avoid such traps as food becomes cheap and plentifulhémnbre the implicit social pressure to
maintain a healthy weight declines as increasing numbepsagple become overweight, regardless of
increasingly stern health warnings from doctors and pudfficials.

In the model as it stands there is nothing to restrain the heigrm, and therefore population
weights and obesity, from continuing to rise as prices caito fall. In fact at existing prices the
social multiplier effects may not yet be fully played out. Wé¢the price elasticities of food and weight
are lower beginning from lower prices, the model predictgjnalitative reversal of the current trends.
Lakdawalla and Philipson (2002) have hypothesized thasibbgrowth could be self-limiting, based
on a projection that future income growth will lead to loweeeage weights. Given the increasingly
weak relationship between income and obesity rates, andrtbertain prospects for broad-based in-
come growth, the prediction is highly tenuous.

Within the context of our model, there may be justification #otax on food. While we do not
describe food quality in this context, low-nutrient andacedally dense foods would be the likeliest
targets. While food taxes may be politically infeasible, [pubducation aimed at influencing weight
norms is an alternative strategy that is already in play. him past twenty years such efforts have

focused primarily on the promotion of official dietary guiides such as the Food Guide Pyramid.
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These campaigns have clearly failed to restrain calorikitin light of observed weight and food
consumption trends over the same period. A telling fact adowerican consumers is that the number
of people who reported that they were eating “pretty muchtexe they want” reached an all-time high
in 2002 (Putnam et al. 2002). Some state governments hage taknore aggressive stance in recent
years, in light of increasing evidence on the health effe€tsbesity. For example during the 2001
academic year, full time public schools in Florida condd@enandatory health screening. Elementary
and high school students had their height and weight medisyréne school nurse. Schools classified
students as normal, overweight, or obese and reportedseasiparents. We see this as an attempt to
promote or reinstate a health-based weight norm, possthlptering the social dynamics that lead to
higher weight standards. If such campaigns succeed inrfieghiildren, and perhaps their parents, to
maintain healthy weights, they will be welfare-enhanciktpwever if the programs result mainly in
heightening the negative social perception of overweigtitar than changing behavior, the net effects
may be detrimental. As in the public campaign against snipkire anticipate a growing controversy

over public efforts to impose value judgements on individua
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Mathematical Appendix

In this appendix we provide brief verifications of the agsed of the existence and convergence state-
ments of individual stable weight laid out in Section 3.

The optimal one-period choice of food and non-food consionptbeginning from any initial
weight value, must satisfy equatio(s), (8), and(9), as well as second order conditions. The three
equations can be combined and rewritten as the followinignaity condition on end-of-period weight,

W, for any initial weightW_1.

dF

Ur (F (W W 1)) S~ PUG(CON W 1)) S = 2300 — M) (15)

The left-hand side of equation (15) represents the margifedt on one-period utility of end-of-period
weight, deriving from the changes in food and non-food iatakonsistent with a marginal change in
the final weight. The right-hand side represents the malrgifect of end-of-period weight on the cost

of deviating from the norm. The partial derivati\dg is evaluated at the food level consistent with the
beginning and ending weights, where this food level is dethB{\W |W_1). The partial derivativé)c

is evaluated similarly. The expressign= gTFv > 0 represents the increase in food consumption needed
to achieve a marginal weight gain, holding basal metabofiged. This is an identical constant for
all individuals, representing the conversion rate of dakinto body weight, netting out the calories
consumed in digestion. Values for the left-hand side of @l&gend on both the initial weight and the

final weight, but values for the right-hand side depend onlyhe final weight.

Existence of a stable weight

A stable weight must satisfy the equation above as well asdhelition that\f* =W_1. To check
for existence of such a weight, impose the condition ¥at W_1 and determine whether (15) has a

solution. Consider the valuddg (F (W|W)) —pUc(C(W|W))]K. The expression gives the net marginal
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benefit of weight gain beginning from any weigt, where eachW is potentially an initial weight
value at some point in time. If starting from some initial glei the net marginal benefit of weight gain
happens to be equal to the marginal cost of weight gain, iptsral to exactly maintain the initial
weight. Since any stable weight must satisfy this propehg,locus of these net marginal benefits
will be termed the “sustainability locus,” and it will deteine stable weight for anyl. Values on the
locus are initially positive, given the high marginal utilof food at the food intake consistent with just
maintaining a very low weight, and the low marginal utilitf rmon-food consumption. The function
decreases in weight, eventually becoming negative. Thabndeoccurs because metabolism increases
in weight, and therefore the food required to maintain weighncreasing; as required food intake
increases, the marginal utility of food decreases, and tasgimal utility of non-food consumption
increases. The right hand side is initially negative (asegriv is greater than some minimal viable
adult weight), but becomes positive as weight gets adve hus there is a unique weighw/S(M),
characterized by

[Ur (F(WIWS)) — pUc(CWIIWS)) [k = 23(WS—M). (16)

Convergence to a stable weight

To show convergence to this stable weight consider on®genptimization from any initial weight,
Wp, as illustrated in Figure 13. Consider the marginal net bené&nd-of-period weight as seen in
the diagram. Values on this curve are again initially pesjtand become negative as final weiyig,
increases. This marginal benefit curve, however, has aesteggative slope than the sustainability
locus. This is because, as weight increases W@no someW,, the marginal net benefit of further
weight gain evaluatedg at F (W |Wp), whereas the locus evaluatds atF (Wi |W,). Since the former
food quantity is greater than the latter, the net marginakbeof food (and of weight gain) is less
than the value on the sustainability locusvét The difference in these food levels arises because

metabolism, measured in pounds of weight burned per weelygjless than proportionally to weight
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itself. For the saméV the marginal deviation cost behaves exactly as above. Tdwanly given
initial weight there is a unique intersection point thatatetines\;*(Wp). Second-order conditions are
satisfied at this value given the strict concavity of themation problem i andC. If Wy lies below
the stable weight defined by (16), the analysis in the prevpmaragraph implies that, beginningvst

a final weight oWy cannot be optimal. At this point the marginal benefit of weigain exceeds the
marginal cost, and so it is optimal to gain weight. Howeviee, optimal weight gain is less than the
difference betweeklp and the stable weight. This also follows from the fact thatriiarginal benefit
of within-period weight gain declines more rapidly than tl@ues on the sustainability locus. The
diagram depicts the relationship between these two cuinveisating thatV)" < WS,

Referring to Figure 13, beginning from weighg let the optimal ending weight b4, where
the latter satisfiefUr (F(Wi|Wo)) — pUc(C(Wi|Wb))]k = 2J(Wi — M). To iterate, let the individual
begin atW; and again solve the one-period problem. Now the individualuates the marginal benefit
of weight gain relative to this new initial weight. For thestiincrement this is just the value on the
sustainability locus ats. Thus we have a new within-period net marginal benefit cumtersecting the
sustainability locus at this point, where the new curvedfae lies to the right of that for the previous
(lower) initial weight. Therefore when the individual wakep at weight\y, the marginal benefit of
weight gain once again exceeds the marginal cost, and addlitiveight gain is optimal within the new
period. However, sinc@/ is greater thaMp, the marginal benefit of weight gain beginning frékh
is less than that beginning frowp, and the marginal cost is higher, implying a smaller optimaight
gain from\W, toW,, as seen in the diagram. Again the individual winds up belmstable weight. The
same logic applies at the next iteration, during which tlegvidual again gains weight but gains less
than in the previous period. Weight gain occurs as long/as WS, yet converges to zero and ceases
whenW reaches the stable value. Had the initial weight been gréata the stable weight value, it can
be shown similarly that the individual would optimally logeight period by period until converging

to the stable weight. Convergence occurs in finite time in Btrans using Mathematica.
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Existence of and convergence to a stable weight norm

The graphical analysis in Figure 14 indicates the conditiora stable weight for a given M. We can
identify the stable weight for anil by plotting [Ug (F(W|W)) —pUc(C(W|W))]k and 2(W — M)

and finding the value o# at their intersections. IM increases, the latter curve shifts right, and
stable weight increases. This increase is less than theaserinM, however, because of the negative
slope on the sustainability locus. For a more general fanatiform this is equivalent to imposing
the “moderate social influence” (MSI) condition on the optzation problem. The MSI condition
also guarantees existence of an equilibriMnisee e.g., Glaeser and Scheinkman 2002). The value of

dWS/dM approaches 1 abapproaches infinity. Simulations confirm uniform convegen
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Table 1: Summary of Weight Distributions

Distribution

Mean (SD) Min Max Median 95th@ 99th® Skewnes$ Norm¢
Empirical Distribution (Figs. (5)-(6))
Women 30-60, NHANESII, 1976-1980 148.4(34.0) 80 360 141 215258 1.356 N.A.
Women 30-60, NHANESIII, 1988-1994 157.4(39.5) 77 470 150 123 290 1.207 N.A.
Women 30-60, NHANES99, 1999-2000 168.4 (45.6) 84 420 160 25805 1.178 N.A.
Women 30-60, BRFSS, 1990 148.4(31.6) 73 434 143 205 256 1.429N.A.
Women 30-60, BRFSS, 2002 161.0(38.6) 56 603 153 236 288 1.425N.A.
Men 30-60, NHANESII, 1976-1980 177.3(29.8) 100 350 174 230 64 2  0.615 N.A.
Men 30-60, NHANESIII, 1988-1994 185.4(37.7) 90 532 180 251 173 1.476 N.A.
Men 30-60, NHANES99, 1999-2000 191.9(43.4) 94 425 184 277 8 33 1.183 N.A.
Men 30-60, BRFSS, 1990 182.6 (31.7) 69 433 179 241 283 1.017 AN.
Men 30-60, BRFSS, 2002 1945(39.7) 49 629 189 267 325 1.289 AN.
Simulated Distribution (Figs. (7)-(12))
Moving Norm (Linear, P=$50) 1409 (25.3) 83 350 137 187 220 25a. 124.0
Moving Norm (Linear, P=$40) 150.0(26.8) 88 371 146 199 234 253. 132.0
Moving Norm (Linear, P=$32) 156.7 (28.0) 92 387 152 208 244 25Q. 137.9
Moving Norm (Quadratic, P=$50) 1475(29.4) 84 484 142 201 324 1.675 129.8
Moving Norm (Quadratic, P=$40) 1576 (31.3) 90 532 152 214 026 1.716 138.7
Moving Norm (Quadratic, P=$32) 165.1(33.3) 94 572 159 225 327 1.751 145.3
Fixed Norm (Quadratic, P=$50) 1475(29.4) 84 484 142 201 243 1.675 129.8
Fixed Norm (Quadratic, P=$40) 155.7(31.2) 89 522 150 212 257 1.705 129.8
Fixed Norm (Quadratic, P=$32) 161.7(32.5) 92 552 156 220 267 1.730 129.8
Low Norm Group (Quadratic, P=$50) 146.3(29.1) 84 478 141 199241 1.669 124.4
Low Norm Group (Quadratic, P=$40) 156.4 (31.3) 89 526 151 213258 1.709 132.9
Low Norm Group (Quadratic, P=$32) 163.7(32.9) 93 565 158 223270 1.743 139.1
High Norm Group (Quadratic, P=$50) 150.2(30.0) 86 498 145 4 20 247 1.690 142.7
High Norm Group (Quadratic, P=$40) 160.6 (32.3) 92 550 155 9 21 265 1.733 152.6
High Norm Group (Quadratic, P=$32) 168.2(34.0) 96 593 162 9 22 278 1.772 159.8
Strong Interactions (Quadratic, P=$50)  128.8 (12.7) 92 199128 151 164 0.614 113.3
Strong Interactions (Quadratic, P=$40) 137.3(13.4) 99 212136 161 175 0.618 120.8
Strong Interactions (Quadratic, P=$32)  143.5(14.0) 103 1 22 142 169 182 0.622 126.3
. )3
Note: 295th Percentile?99th Percentile Skewness: %[

(N-1)03

for univariate dataX;, X, ..., Xy Wherep ando denote

mean and standard deviatidtPopulation Weight Norm, see discussion on experimentsdtaild.
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Moving Norm (Linear Model, Price=50)
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Figure 7: Single Group Price Experiment: Moving Norm, Linééetabolism (with Kernel density
estimate plot) 45



Moving Norm (Quadratic Model, Price=50)
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estimate plot) 46



Fixed Norm (Quadratic Model, Price=50)

Density
.01 015 .02 .025
1 1 1 1

.005
1

0
1

T T T T T T T T T T T

0 50 100 150 200 250 300 350 400 450 500
Weight (in pounds)

Mean (SD) = 147.5 (29.4); Min = 84; Max = 484; 50% = 142; 95% = 201; 99% = 243; Skewn. = 1.675

Fixed Norm (Quadratic Model, Price=40)

Density
.01 015 .02 .025
1 1 1 1

.005
1

T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500
Weight (in pounds)
Mean (SD) = 155.7 (31.2); Min = 89; Max = 522; 50% = 150; 95% = 212; 99% = 257; Skewn. = 1.705

Fixed Norm (Quadratic Model, Price=32)

Density
.01 015 .02 .025
1 1 1 1

.005
1

T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500
Weight (in pounds)
Mean (SD) = 161.7 (32.5); Min = 92; Max = 552; 50% = 156; 95% = 220; 99% = 267; Skewn. = 1.730

Figure 9: Single Group Price Experiment: Fixed Norm, Quadrsetabolism (with Kernel density
estimate plot) 47



Low Norm Group (Quadratic Model, Price=50)
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Figure 10: Two Group Price Experiment (Moving Norm): Low @po= 15% below Mean, Quadratic
Metabolism (with Kernel density estimate plot)48



High Norm Group (Quadratic Model, Price=50)
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Figure 11: Two Group Price Experiment (Moving Norm): Higho@p = 5% below Mean, Quadratic
Metabolism (with Kernel density estimate plot)49



Strong Social Interaction (Quadratic Model, Price=50)
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$ Net Marginal Benefit of End-Of-Period Weight:

Ur(F(WIW))dF/dW —pUc(C(WIW))dC/dFdE/dW
— Up(F(WIW ))dF/dW —pUc(C(WIW ))dC/dFdF/dW

UR(FE(WIWS))dF/dW —pUc(C(WIW®))dC/dFdF/dW

Sustainability Locus: /
Ur(F(WIW))dF/dW —pUc(C(WIW))dC/dFdF/dW

v

T T—— P 1 W
M W, W W,WS
Marginal Cost of Weight
Gain: 2J(W-M) <
\A

"

* = Period-Optimal Weight
W = Weight

W5 = Stable Weight

M = Norm (fixed)

Figure 13: Illustration of Convergence to Stable Periodi®ak Weight (Fixed Weight Norm)
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