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Abstract

The purpose of this paper is to construct a macroeconomic model
that can explain the origins of obesity. We construct an overlapping
generations (OLG) heterogeneneous agents model, with two sectors,
one producing food and the other producing a composite consumption
good. Individuals differ in their patience levels and thus in their equi-
librium consumption decisions and weight levels. Moreover, we allow
for different fractions of the population in the service sector. We find
that in economies where a large fraction of the employment is concen-
trated in more sedentary jobs, we should expect higher obesity rates.
Finally, we introduce borrowing constraints and examine how they in-
fluence consumption decisions. We derive results that explain which
factors cause obesity rates to increase. For verification purposes we
apply econometric methods to identify the extent to which our model
can replicate the data.
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1 Introduction

In recent years, obesity has become a more serious problem in most societies. In the
U.S., obesity is second only to smoking in the number of deaths that could be pre-
vented by behavioral changes. Studies have shown that obesity can cause serious
health problems such as high blood pressure, diabetes, heart disease, stroke, and
a number of other adverse health conditions (Flegal and Gail (2005)). The share
of obese population in the U.S. has grown rapidly. In the 1980s the percentage
of Americans above their ideal weight increased from about 25% to 33%. In 1960
there were 45% overweight and 13% obese Americans. These numbers reached 65%
and 31% by 2002 (Bednarek, Jeitschko, and Pecchenino (2006)). Meantime, the
introduction of Medicare and Medicaid in 1965 together with the booming obesity
rates in the 70s, could potentially have serious implications regarding the relation-
ship between the two. Regarding these obesity measures, researchers have come
to agree on a common measure of obesity, the Body Mass Index (BMI), which is
the ratio of weight, in kilograms, over height, in meters, squared. A BMI greater
than 25 denotes that someone is overweight, whereas a BMI over 30 indicates that
an individual is obese.

Obesity has attracted attention from many disciplines in recent years, due
mainly to the variety of consequences and their significance, and its rapid increase
in the past four decades in the US and elsewhere. It is primarily an issue of public
health, and it has mostly been treated as such, but there are several aspects of it
that are closely associated with other disciplines. Economics has only recently ad-
dressed obesity as an issue, and the existing literature remains limited and mostly

micro oriented. Serious research has been done in an attempt to identify causes



of obesity. However, such efforts have proven to be very complicated and often
controversial. Still, many empirical studies have developed useful evidence that
will serve as a basis for the present paper. In the following section we summarize
the relevant theoretical and empirical evidence provided by the existing literature.

So far there has been only one attempt to construct a macroeconomic model
that explains obesity rates (Peralta-Alva and Gomis-Porqueras (2005)). This paper
provides a general equilibrium analysis of the impacts of technological improve-
ments that have lead to lower food prices, as well as the higher opportunity cost
of staying at home driven by lower income taxation and a smaller gender wage
gap. Our model differs in that we seek to explain the causes of obesity, show how
obesity rates evolve, and how different individual and market characteristics affect
results. Our main goal is to model food consumption and weight explicitly, and
allow our agents to have different time preferences. In an OLG setting, we want
to investigate the impact of a more sedentary labor structure. As a last thing we
intend to check what credit availability does to peoples’ consumption habits. Our
basic structure borrows elements from the model of Philipson and Posner (1999),
but then builds on that framework.

The purpose of this paper is to answer the following questions: What are the
long run effects of i) borrowing constraints, ii) a large service sector, and iii)
impatience in consumption on the evolution of obesity rates in the population?
What is the effect of total factor productivity on prices and weight levels? The
second part of the paper will attempt to find empirical evidence in support of the
above theoretical findings. We plan to implement cross-country, non-parametric

estimation of the following model: Obe = f(service, TF P, Credit, GDPpc). This



way we can check how well the theoretical model replicates the data and suggest
conclusions from our findings.

The micro economic literature on obesity points to the impact of increasing
obesity rates on wages, productivity, output, and possibly inefficient allocation of
resources. However, these effects have typically been investigated in isolation. A
model that considers all of these elements and their impacts such that conclusions
about the aggregate effects of economic and individual characteristics on obesity
are accurate and consistent. Greater consistency requires that variables that in-
teract with each other in the economy should be taken into account in reaching
conclusions about the economic nature of obesity. Isolating, for example, the effect
of obesity on wages, and in particular saying that obesity has a negative impact
on wages, is certainly useful and provides important evidence. However, without
taking into account all the dynamics that take place in the economic environment,
one cannot be sure that we are not neglecting serious interactions among other
economic variables not included in the model. For example the above analysis does
not take into account the negative effect of obesity on productivity. Falling produc-
tivity could cause wages and food production to decrease, and that in turn could
cause obesity to decrease. Hence, we need to be sure that we are not capturing a
one-sided effect when dual causation exists.

The extensive use of technology in the more developed economies has increased
the share of output from the service sector relative to the shares from manufac-
turing and agriculture. On the other hand, in developing countries the largest
share of their output stems from either agriculture or manufacturing. Labor force

decomposition is a significant determinant of caloric expenditures and potentially



of obesity rates. Given the econometric evidence on this issue, we are interested
in determining whether and how such a characteristic could affect the evolution of
weight in different environments. Moreover, this element enables us to look at how
labor force changes across time have affected obesity rates in a particular country.

Another feature that we introduce in our model is the availability of borrow-
ing. Borrowing can influence individual choices in the following way. If credit
is available, more consumption is attainable, and individuals could become more
obese. What we don’t know is whether the available credit will be used for the
consumption of food or other goods. This is left for the model to test. Credit
availability is interesting to examine because it is subject to policy changes and
can be influenced by government decisions.

Making our agents heterogeneous in their patience levels, could allow us to see
if impatience is part of the reason why some people are obese and others are not.
Patience is sensitive to that is highly determined by individual characteristics but
is also influenced by other social, economic and psychological factors. Meier and
Sprenger (2007) provide experimental evidence in support of the argument that
individuals have different patience levels. Their findings show that individuals
differ in their patience levels greatly and that these patience levels greatly affect
individual borrowing decisions as well as outstanding credit balances. This higher
weight on present satisfaction differentiates individuals in their consumption pat-
terns. In particular, what Meier and Sprenger (2007) call ”present-bias”, 3 in the
present paper, is what determines borrowing-consumption decisions. Regarding
impatience in food consumption, Reuben, Sapienza, and Zingales (2007) find sup-

port for the fact that people prefer to pay a higher price for a chocolate delivered



today than for a chocolate delivered in the future. This provides some evidence
that impatience and present bias apply not only to monetary returns but also to
goods. Based on such findings, it is important to examine the effect of impatience
on food consumption and its role in the spread of obesity.

The paper is organized as follows. In section 2 we summarize the relevant
literature. In Section 3 we present the model and its characteristics and describe
the equilibrium. The structure and results of the simulations as well as the results
of the sensitivity analysis are laid out in section 4. In section 5 empirical methods
are used to test implications of the theoretical model. Section 6 summarizes the

findings of the study.

2 The Literature

This section provides relevant evidence from the literature that has motivated this
study and describes how we are going to use specific elements and findings to
specify a dynamic general equilibrium macroeconomic model of obesity.

Lower food prices can increase caloric intake, but this response may be sensible
to preferences for food versus low weight. As food is a normal good a lower price
will result to higher quantity demanded. Theoretical support for this argument is
provided by Philipson and Posner (1999). They construct a static micro model,
in which agents derive utility from food, a composite consumption good and their
weight. The more individuals value low weight levels, the smaller the effect of a
decrease in food prices on food consumption. What Philipson and Posner (1999)
show is that food prices have an inverse relationship with caloric intake. In addition

to that, they argue that since it is technological progress that allows for lower food
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prices, there is a positive relationship between technological progress in the food
industry and obesity rates.

There also are numerous studies that find a negative relationship between BMI
and wages. Most of the evidence is based on US data, but there are also a few
studies that provide strong evidence for Europe. In particular, work by Brunello
and d’Hombres (2006) explores the impact of BMI on wages in nine European
countries. They find evidence of a negative relationship and, moreover, that the
effect is greater for males than for females. Other studies (Register and Williams
(1990), Loh (1993), Pagan and Davila (1997), Averett and Korenman (1996)) of
US data find mixed results. One common finding of this second group of studies is
the negative impact of obesity on female wages. For males the results are mixed.

Regarding occupational choice and weight, there is evidence that people who
spend 18 years in the most physically demanding occupation are 25 pounds (14
percent) lighter than those in the least physically demanding job (Lakdawalla and
Philipson (2007)). This implies that the magnitude of the service sector in a
country should be positively associated with average BMI levels in that country.
Several studies (Philipson and Posner (1999)) argue that less sedentary jobs, like
agricultural occupations, offer ”free” exercise time to the worker and hence lower
obesity levels. In environments with more service oriented industries, agents are
expected to have higher weight levels.

The available evidence regarding calories expended is that they have not changed
remarkably since 1980 (Cutler, Glaeser, and Shapiro (2003)) whereas calories con-
sumed have increase markedly. Moreover, since reductions in food consumption

reduce money costs, whereas increasing exercise raises time costs, people who



attempt to lose weight may focus more on caloric reduction than on increasing

physical activity (Horm and Anderson, 1993 and Philipson and Posner (1999)).

3 The Model

In this paper we attempt to model and explain the escalating obesity patterns that
have been observed in recent decades across the globe. Due to the complexity of
the issue, one cannot identify a single cause and certainly the answer is not a simple
one. However, incorporating key elements in the model, we can evaluate some of
the competing claims about the sources of increase in obesity. We formulate an
OLG model of an economy populated by a continuum of agents and two firms. The
two sector economy produces two goods: food and a composite consumption good.
Agents derive utility from the consumption of both goods as well as their weight
level. The two sectors employ different types of capital, use different technologies

and share the labor force.

3.1 Households

Agents are assumed to live two periods, young (t) and old (t+1), and are hetero-
geneous in their impatience levels. They value consumption of two goods, food
(f) and a composite consumption good (c), and derive utility from their weight
level (w). Subject to constraints, they choose ¢, ¢i+1, fi, fi+1. Weight when
young depends on food consumption; weight when old depends on food consump-
tion when old, as well as the previous weight level, since weight does not fully

depreciate. The laws of motion for period ¢t and t + 1 weight levels are w; = pfy



and w1 = (1 —n)w+ pfiy1, respectively. p is a function that converts calories to
weight. Hence food affects utility derived from consumption and indirectly utility
via weight level.

Agents split their work time between two sectors. The first sector produces
the composite consumption good and the second one produces food. Wage rates
are w;, Ws, @% 1 and E% 1, for the two sectors and the two periods respectively.
They also receive return on their asset holdings in the second period and consume
all their wealth in period 2. Agents here are assumed to have no bequest motives.

Hence, the initial formulation of the individual’s problem is:

Ulct, fo, we, ceet, e, wee1) = max@ln(fy —f) + (1 — 0) In(e;) + g + aqwy + aowy

+6i[0 In(fi11 —7) + (1= 8)In(cir1) + ao + ywirr + Oé2wt2+1]
subject to:
wiu+wi(1—u) > ¢ +pfi+ ki
and
Wiu+ W (1—u)+ (L4 )k = e +pfin

where w; is the wage rate in the composite good sector, u is the fraction of
labor devoted to this sector, wsy is the wage rate in the food sector, and (1 — u)

is the fraction of labor time devoted to the second sector sector. Finally, § is the



discount factor. The utility is log linear, in the two consumption goods, and there
is a minimum consumption of food f required for survival.

The properties of the utility function with respect to its arguments are:

Us(f,e;w(f)) >0

Uss(fic,w(f)) <0

Ue(f,c,w(f)) >0

UCC(f7 Gy lU(f)) <0

Uw(C,f,’LU(f)): :0, w=w"*

<0, w>w" Uy <0

0

The intuition behind the properties of U(w) is this: at very low weights
people get low utility from being skinny. But as their weight increases their
utility increases and reaches a maximum U(w*) at the individual’s ideal weight
w*. Beyond w?*, utility declines. It thus has the following functional form:
U(w) = ag + a1w + asw?, where the assumption is that op and «a; are positive
and s is negative.

In our modeling of a two-sector economy where one good has a minimum
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required consumption, we follow Alonso-Carrera and Raurich (2007) and Bond,
Wang, and Yip (1996). Under the assumptions of perfect competition in goods
and factor markets and the equalization of factor returns across sectors, factor
rewards are determined by output prices alone, independent of factor supplies, as

in the factor price equalization property of trade models.

3.2 The Firms

On the production side we have two sectors. Sector 1 produces the composite
consumption good, via a Cobb-Douglas production function. We follow Alonso-
Carrera and Raurich (2007) in that we split labor in the two sectors, without
making any human capital specific demands for either of them. The production

function in the composite good sector is:
Y = AK(uL)' ™ (1)
A stands for total factor productivity. K is sector 1 specific capital. w is the
fraction of the labor force employed in sector 1.
Z = yK[(1 - u)L)'~ (2)

Sector 2 produces food, Z. Total factor productivity in the production of food
is denoted by 7. Ky is the capital used in the production of food. The production
function is again Cobb-Douglas.

Capital fully depreciates from the first period to the second and in each period

is determined by the savings decisions of the agents.(1 — u) is the fraction of
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the population that works in the production of food. w here is assumed to be
€X0genous.
Under perfect competition, both factors of production are paid their marginal

products and hence:

)?(1—=¢)(1 —u) (4)

The same holds for the return on capital. So the interest rates are determined
by the marginal product of each type of capital. A word of caution at this point.
Second period capital stocks are determined from the aggregate individual savings.
But in equilibrium the two rates of return have to be equal to prevent any arbri-
trage opportunity. In order for this to happen we allocate capital stocks in the two
sectors such that their returns are equal. This is done after the individuals make
their savings decisions, so that this equilibrium decision does not alter individual
choices.

Capital returns are determined, as usual, in the following way:

rt = Aa(gz)' (5)
7 = oy (©
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3.3 The Equilibrium

A competitive equilibrium in this economy is defined by (i) a distribution of agents
F(p), (ii) and individual household decision rules ¢, ft, ¢t+1, fi+1, kt+1, such that:
1. Given the exogenous variables, A, 0, u, v, a, ¢, ag, a1, as, and the distribution
F(), individual household consumption rules and savings rules solve the house-
hold problem.

2. Firms maximize profits.

3. Markets clear.

3.4 Existence of Equilibrium

With a log linear and quadratic parts in the utility function, and the given con-
straints, it’s not obvious that a solution exists. Our proof of existence ensures that
our computation results actually exist.

The three first order conditions are as follows:

U _ o wigutwy(L—u) =i+ (L )k
op = (wnutwa(l-u)=pfi—Fk) 0T

=0 (7)

8£_ o (1-0)*p 1 _
Ofc  fi—f (wnu+wa(l—u)—pfe—Fk) tarptanolpfi—uy—(1-u)0) =0

(8)
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ou _ Bx( o (1—=0)xp
Ofiv1 " fipr— f (wnutwa(l—u) —pfiy1 — k)

+aiptaz2p(pfir1—uy—(1-u)d)) =0
(9)
Existence requires that the first order conditions are satisfied for some k, f;, and
ft+1. Note that at a stationary equilibrium k is invariant, thus wages are invariant
and some function of k, depending upon how k is allocated to the respective sectors

of the economy. We rearrange equation 7 to obtain:

(w11 (A(R))u +wa (E(k))(1 —u) —pfi —k) = (10)

(wi2(A(k))u + we2(E(K))(1 = u) = pfirr + (1 +7(k))k)/B(1 4 r(k))

Let the left hand side (LHS) of (10) be defined as Q(k) and the right side
(RHS) be defined as ¥(k). In order to prove existence we must show that the
LHS crosses the RHS for some k. As k — 0, Q(k) — —pf; for some p and f;. Let

w12 (A(k))utwaz(E(k))(1—u)—
(k) = L@t EIIm ) £ As k — 0 U(k) — 0
Now, let C(k) = ¥(k) — Q(k). Thus, three things need to hold to ensure there

exists a solution to (7).

1. C(k) is positive for some k.
2. C(k) is negative for some k" #k.

3. C(k) is continuous.

Figure 4 in the appendix shows that all three necessary conditions hold. The
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blue line graphs (LHS-RHS), and crosses zero for some arbitrary k. The (LHS-
RHS) curve is continuous.

For (8) and (9) only one proof is sufficient as they are the same. These equa-
tions are simple cubic equations with real roots. Their roots for k = k* exist and

are real numbers.

4 Data and Calibration

To reveal the relationship between weight and utility U(w) = o + ajw + asw?,

we regress happiness on BMI to estimate g, a1, and as. Our data come from the
2007 German Socio Economic Panel, a survey that includes 20,000 individuals.
Individual happiness is measured using an index on ”Overall life satisfaction”
which takes integer values between 0 and 10, with 10 representing the higher
happiness level. Due to possible endogeneity issues that could be present in the
structural equation and which are verified to exist after using the Heckman test, we
use Instrumental Variable analysis in order to avoid invalid inference. Estimated
regression coefficients for the quadratic relationship hap = ag + a1w + apw?,
between happiness (hap) and BMI, confirm our hypothesis of an ideal weight,
since agp, and «; are positive and as is negative. The instrument we use is height,
which is completely exogenous to happiness and endogenous to BMI. F-stats on the
instrument are significantly bigger than 10 and hence we can trust our estimates,
since the instrument is good.

Cross country data on the magnitude of service sector come from CIA (2008).
For the simulation exercise, u ranges from 0.2 to 0.8, which are the minimum

and the maximum values in the data respectively. The weight depreciation rate
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from young to old is arbitrarily set at .95, and ¢, the Cobb-Douglas exponent
on capital is 0.36. The data for calories spent per activity are found at http :
/ Jwww.caloriesperhour.com/indexyurn.php. Finally, rho = 10 and 3 takes values
between 0.6 and 0.9 with increments of 0.01. For the baseline model v = 0.6, and
theta = 0.5 assigning same weight on the relative satisfaction of the individual

from food consumption and the composite good consumption.

4.1 Simulations and Results

With agents heterogeneous in their impatience levels the following results emerge.
In a general equilibrium framework weight has a negative relationship with . This
implies that the larger the service sector compared to the agricultural sector, the
less obese a society will be expected to be ceteris paribus. Results for first and
second period weights in the baseline model are shown in figure 1 and 2 respectively.
Here we suspect that the reason our results are opposite to the data is the fact that
the magnitude of the service sector is exogenous to the model and not associated
with productivity.

For the effect of 8 on weight levels, we observe in figures 1 and 2 the following:
more patient individuals, with greater discount factor, appear to be thinner in
equilibrium in the first period. This result is shown in figure 1 where weight
is decreasing in 3. For weight levels in the second period (Figure 2), § has a
less significant impact than in the first period. The effect is slightly positive
as the more patient people in the second period are compensating for the lower
consumption patterns when young. We conclude that that if the economy promotes

ever increasing desires, lower discount rates will lead to higher BMI and higher
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consumption levels.

Introducing borrowing constraints negligibly affects food consumption. Despite
the heterogeneity in the discount factor 3, individuals do not seem to behave dif-
ferently in their food decisions. This may correspond well with research in biology
and psychology that finds empirical evidence that impatience plays an important
role in decisions associated with monetary rewards versus direct consumables (Es-
tle, Green, Myerson, and Holt (2007)) or food rewards (Odum, Baumann, and
Rimington (2006)). The graphs corresponding to weight levels without borrowing
constraints are almost identical to Figures 1 and 2 for the first and second period
weights respectively.

We try a series of different values for total factor productivity in the agricultural
sector and our results change as expected. Bigger total factor productivity leads to
higher average and aggregate food consumption in equilibrium. Table 2 presents
the results of food consumption, food price, relative price of food with respect
to composite food price, as well as equilibrium wage and interest rates. As the
agricultural sector becomes more productive, production as well as consumption go
up. Wage and interest rates which are equal to the marginal productivities of labor
and capital respectively, become bigger as a result of greater TFP as expected.
TFP as shown on the table leads to higher labor income and is associated with
greater food consumption and weight levels.

Thus, the stylized facts that result from our simulation exercise and are subject

to empirical testing are:

1. Economies with larger service sector compared to other economies are ex-

pected to have lower obesity rates.
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2. Economies with higher TF P also have higher BM rates.

3. Greater T F P is associated with higher labor income and thus higher obesity

rates.

4. Credit availability does not appear to have any significant effect on food

consumption.

As no data are available on individual impatience, our results on this issue
cannot be tested at this point. Although weak, the effect of impatience on obesity
appears to be positive and in line with the research of Meier and Sprenger (2007)

and Reuben et al. (2007).

4.2 Sensitivity Analysis

Some of the parameters of our model are calibrated and we don’t have reasons to
believe that they might be pulling our final results and conclusions to the wrong
direction. For example the coefficients aq, a1, and a9 are estimated above using
regression analysis. The Cobb-Douglas exponents in the production function are
set at 0.36 for capital and 0.64 for labor, which are the standard values used in
the literature (Prescott (1986)). Last, we check whether our results still hold in a
model with more periods.

However, there are some parameters which are picked arbitrarily and we need
to check how they affect our final results. These exogenous parameters are: 0,
u, TFP, p, and n. The rest of the variables are endogenously determined in the
model.

The sensitivity of our model in changes in total factor productivity (TFP) as
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well as the magnitude of the service sector u was discussed in the previous section
and the results are shown in Figures 1 and 2 and Table 2.

For the effect of § on our results we let it take values from 0.1 to 0.9 with
steps of magnitude 0.1 and show how the final results change. Figures 3 and 4
present equilibrium weight levels for period 1 and period 2 respectively. These three
dimensional graphs show how weight changes with changes in 8 and 6. What we
observe in these two figures is that weight equilibrium is sensitive to the magnitude
of theta in both periods. In particular in the first period higher values of 6 lead
to lower weight levels in equilibrium. In the second period the effect changes
sign. Greater values of 8 are associated with greater weight levels in equilibrium.
This implies that for the impact of # on individual’s choices timing plays a very
important role into how this parameter will affect our results.

The role of p in our results is important only to the extent that it changes the
units of transforming food consumption units into weight. Hence, greater values
of p will inflate the results but will not change the main findings of the model. It
will only inflate or deflate the numbers.

n plays little role in our main results. If we don’t take into account the effect of
first period weight on second period weight, then our main results do not change
significantly.

We extend our model to a three period framework keeping everything else
being the same. Our findings do not change significantly. Consumption decisions
during the first period slightly change with 3. In the second and third period our
results resemble those of the first and second period described above in the two

period model.
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5 Empirical Estimation

5.1 Data

We use a cross section of 123 countries, with data drawn from a variety of sources.
The information on total factor productivity comes from the data set of Baier,
Gerald P. Dwyer, and Tamura (2002). The data on obesity and overweight come
from the International Association for the Study of Obesity. Sectoral composition
data come from the CIA World Fact Book. Moreover, statistics on access to credit

come from the constructed index by Honohan (2008).

5.2 Methodology

Using our theoretical model and the simulation exercise, we have identified some
possible causes of obesity. However, we have no empirical evidence of the validity
of these results. In this section we will test empirically the theoretical results.

We estimate the conditional expectation of obesity rates, given the values of
i) service sector size, ii) Total Factor Productivity, and iii) credit availability.
This method will suffice to determine if our theoretical results hold because the
conditional expectation gives a conditional estimate of some variable, allowing
everything else in the economy to change. This is exactly what our OLG model
does. It is a general equilibrium model that allows all variables to be determined
through the model dynamics.

We look at four relationships:

1. E(Obesity | TFP)

20



2. E(Obesity | per capita GDP)
3. E(Obesity | service sector size)

4. E(Obesity | credit availability)

5.3 Results

The relationship between obesity rates and total factor productivity in the above
estimation procedure is positive and almost linear. Given higher total factor pro-
ductivity, obesity rates are expected to be larger. This relationship is pictured in
the graph below, TFP on the horizontal axis and E(Obesity | TFP) on the vertical
axis. The blue line shows the linear fit, whereas the green one represents the data.
This is one of the results confirmed by our theoretical findings. A higher TFP
in the model leads to a decrease in the relative price of food, which increases the

consumption of food and raises the equilibrium weight levels.
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Non parametric estimate for E(Obesity | TFP)
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The second estimation that we focus on is E(Obesity | per capita GDP). Again
the data almost perfectly fit the linear model. As per capita GDP rises, people are
expected to be more obese, consistent with the observation that richer countries
appear to have more obese populations. This result is also in line with our next
result which predicts that a larger service sector in an economy results in greater
obesity. Since service sector and per capita output are positively related, it is not

surprising that we get the two similar expectations below.
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Non parametric estimate for E(Obesity | pc GDP)
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the results for E(Obesity | Credit availability). It is slightly increasing but also
contains a lot of noise. The green line shows the relationship that the data are
displaying and the blue line is the linear model. The conclusion that we make is
that the data present a relation that is far from linear and also hard to character-
ize. Our theoretical results also do not show much of a difference between allowing

and not allowing for borrowing.

Non parametric estimate for E(Obesitey | Credit availability)
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5.4 OLS Estimation

In confirmation of the above non-parametric estimated results, Table 1 presents

parametric estimation results of the following specification: Obesity/Overweight =
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a1 + asCredit + agService + aypcGDP + asinT F P + . The linear results com-
pare well with the non-parametric ones. However, there are some differences. The
in the non-parametric specification there is a positive almost linear relationship
between Obesity and TFP. This relationship is negative in both parametric spec-
ifications shown in Table 1. When we use everyone who is overweight then both
per capita GDP and TFP are significant, whereas when only the obese population
is used then only pc GDP remains statistically significant. The only result in the
OLS estimation that is in line with the non-parametric estimation is the relation-
ship between obesity and per capita GDP. So we do have consistent evidence that
countries with higher per capita income are characterized by more obese popula-
tions. These results are significant in both specifications. For the effect of service
sector size and credit availability on obesity the parametric results are unclear.
For the service sector, the effect changes sign when going from the first specifi-
cation to the second and both results are not statistically significant. About the
credit availability, the coefficient is positive in both specifications. When using the
obese population as a dependent variable the effect and the significance level rise
however not to the extent that would allow us to have any meaningful results.
Hence, the linear model does not support the findings of the non-parametric
estimation. In addition, the fact that we don’t derive significant results cannot put
any powerful doubt on the validity of the non-parametric specification. We thus

believe that the non-parametric estimation is the more relevant and informative.
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Table 1: OLS Estimates
Overweight tstat Obese tstat

Serv 0.5428 0.62 -0.0006 0.65

Cred 0.0003 0.75 0.0422 -1.33
pcGDP 0.1354 6.34 0.0737  3.57

InTFP -0.5588 -29 -0.0261 -0.79

F-stat 54.15 15.40

6 Conclusions

We have constructed a two sector overlapping generations macroeconomic model
of food consumption, composite good consumption and weight choice. Agents are
heterogeneous in their impatience levels. We calibrate the model trying to identify
the effect of: i) service sector size, ii) total factor productivity, iii) per capita GDP,
and iv) borrowing constraints. We find that in a closed economy where service
sector size is exogenous and does not affect productivity levels larger service sector
is associated with lower weight levels in equilibrium in both periods. Total factor
productivity increases labor income and consumption in equilibrium. Weight levels
in both periods are higher with higher income. Credit availability does not seem
to alter food consumption and weight levels. We also find that a greater discount
factor results in lower weight.

We employ empirical methods in order to test whether our theoretical results
can be verified in the data. We estimate conditional expectations of obesity given

1) service sector size, ii)total factor productivity, iii) per capita GDP, and iv) credit
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availability. The findings for total factor productivity and per capita GDP agree
with our calibration results. The data show that given greater service sector we
should expect ceteris paribus greater obesity rates. This result does not agree
with our theoretical findings. However, the assumptions of i) closed economy, ii)
exogeneity of service sector, and iii) unrelated productivity levels and sector sizes
are too strong and make our results be opposite to the data. Credit availability
does not seem to have a meaningful and significant relationship with obesity. This
result does not disagree with our theoretical finding of no impact credit availability

on food consumption.
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Figure 1: First period weight with borrowing constraints

First period weight negatively relates to the service sector size. On the graph u
represents the fraction of the labor force in the service sector.3 denotes patience.
The higher § is the more patient agents are and the less they weight. Weight level

is measured on the vertical axis.
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Figure 2: Second period weight with borrowing constraints

In the second period, weight again depends on the magnitude of the service

sector.( has a negligible effect on second period weight.
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Figure 3: First period weight with borrowing constraints: the impact

of 6

In the first period, weight decreases with 6. (3 has a negative effect on first period

weight.
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Figure 4: Second period weight with borrowing constraints: the

impact of 0

In the second period, weight again depends on 0. 3 has a small positive effect on

second period weight.
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Appendix:1

Graph 5: Proof of Existence
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