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Abstract
The empirical evidence shows a positive relationship between income
and obesity, but it lacks evidence of a dynamic relationship between income growth and the rise in obesity. This thesis attempts to explain the
rise in obesity over time. I simulate the neoclassical growth model by
Ramsey (1928), Cass (1965), and Koopmans (1965) (RCK) augmented
with the Schofield (1985) equation to connect income growth to a rise in
obesity prevalence. I then select economies from across the globe. There
are three main results of my work. All studied countries are expected
to reach a long run average BMI corresponding to overweightness (>25)
or obesity (>30), except for Thailand. Some selected countries reach an
average BMI that is overweight (Egypt, Turkey) or obese (Turkey) faster
than other selected countries depending on their per capita income levels
and growth rates. While there is a diminishing influence of income growth
on body weight gain as a country develops, the effect of income growth
on body weight is larger in rich than in poor countries.
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Introduction
The World Health Organization (2000) defines obesity in adults as a body

mass index (BMI) of 30 or higher. Based on the National Center for Health
Statistics (2014) data, the prevalence of obesity1 among U.S. adults rose from
13.3% in 1960–1962 to 15.1% in 1976–1980. It then rose dramatically, from
15.1% in 1976–1980 to 23.3% in 1988–1994, and 35.3% in 2007–2010. Eckel
(2003), Calle and Kaaks (2003) estimate that obesity is the cause of 17.3%
of coronary heart disease, 61% of Type II diabetes, and 24% of osteoarthritis. Obesity is an important measure in the overall health of a country and
increased obesity rates lead to externalities2 such as increased health insurance
and medical care costs (Cawley, 2015). Annual medical expenditures for obese
people are $732 more than for normal-weight people (Finkelstein et al., 2003).
Bhattacharya & Bundorf (2009) find that obesity is an observable attribute,
which forces insurance premiums for all agents in the economy to be higher
than necessary because the Affordable Care Act does not allow price discrimination. There is also the fear that increasing insurance costs lead to higher
levels of uninsured individuals (Fuchs, 2009). Obese workers are compensated
less at jobs with health insurance to account for higher expected medical care
costs.
There is a number of behavioral explanations for this epidemic. Aronne et
al. (2009) find the physical cause of obesity is most often due to excess energy
consumption coupled with minimal energy exertion, but the development of
obesity is highly complex and includes genetic, environmental, psychological,
social, and economic factors. Other studies suggest that increases in the size
of food intakes positively correlates with obesity. Rolls et al. (2002), create a
1 Body

Mass Index (BMI) is used as the measurement of obesity prevalence.
are costs (benefits) that affect parties outside of the market exchange.

2 Externalities

2

controlled study and test how adults respond to different portions of macaroni
and cheese served on different days. They find that the bigger the portion, the
more participants ate. Smiciklas-Wright et al. (2003) and Nielsen and Popkin
(2003) both find that reported portion sizes have increased between 1977 and
1998.
One economic cause of obesity that needs to be explored further is the impact of increasing income on obesity prevalence around the world. This thesis
explores the relationship between wealth and body weight by building on the
literature outlined below.

1.1 Empirical Studies
In this section, I outline the empirical studies that show evidence of a relationship between obesity prevalence and income.
The following articles focus on the most current observations in the literature. According to Cawley (2015), income may increase weight depending
on individual characteristics, such as gender or race, and societal preferences.
Cawley presents the relationship between income and weight as an inverted Ushaped curve. The first increases in income may be spent on food but, at some
point, this marginal utility on food declines such that additional income no
longer has a large impact on food consumption. It appears that there is a turning point away from increased calorie consumption into health consciousness
(Philipson and Posner, 2003; Lakdawalla et al., 2005; Deuchert and Tafreschi,
2014). Deuchert and Tafreschi (2014) test the theory developed by Philipson
and Posner (2003) by specifically asking whether average body weight is associated with economic development. They use Department of Homeland Security
data from 1990 to 2008, which are nationally representative household surveys,
covering upwards of 30,000 households. They focus on non-pregnant women
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aged 15-49 years of age in 52 different countries. Their results support the theory. For example, they find that “in the year 2000, a 10% increase in per capita
GDP would increase the obesity rate by 10% in a country with a per capita
GDP of $500 but would decrease the share of obese people by 3% in a country with per capita GDP of $3000”. These results support the hypothesis that
economic development increases obesity rates to a certain maximum threshold.
Grecu and Rotthoff (2015), find a non-linear relationship between obesity and
income, which is modeled by a Kuznets curve3 . Using data from 130 countries
between 1975 and 2010, the economists drew a conclusion that in low-income
countries, as income increases, weight-related health status deteriorates. On the
other end of the income scale, as income increases, weight-related health-status
improves.
The following empirical studies focus on low-income individuals receiving
lump-sum payments. Schmeiser (2009) use data from the (1979) National Longitudinal Survey of Youth cohort. He focuses on families that receive one time
increases in income known as federal Earned Income Tax Credits (EITC). He
concludes by stating that the one-time increase in real family income from 1990
to 2002 can explain between 10 and 21% of the increase in BMI for the women
in the study and between 23% and 29% of their obesity prevalence. Other
empirical articles of importance include Akee et al. (2013) and Fernald et al.
(2008) which explore static income increases in Cherokee and Mexican households, respectively. Akee et al. (2013) study the transfer of tax-free casino
profits to Cherokee Indians. They follow Indians in western North Carolina
every six months because they get an average increase in wages by 40% from
casino profits. The authors of this article find that the payments and, subsequently, the increase in income also increase BMI among lower-income youth.
3 A U-shaped curve originally used to model the relationship between environmental degradation and income per capita.
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The article also establishes that this link is not observable in higher-income
households. This is an interesting facet of the study as it implies that there
is an upper limit to the positive trend between obesity and income. Fernald
et al. (2008) also explore obesity and income growth in lower-income families
in Mexico. Their work shows how obesity and income growth are even more
prevalent in developing countries. Their study connects income transfers to
weight gain in adults and children in Mexico. For adults, doubling the value of
the payments, increases the risk of obesity by 41% (Fernald et al., 2008). The
researchers find that an average of 70% of the transfers are spent on more food,
including “better quality” food such as meats and fruits (Fernald et al., 2008).
This implies that growth in income in developing countries has a great impact
on food expenditure and obesity rates. Mastrobuoni and Weinberg (2009) also
study retirees’ consumption patterns by using the Continuing Survey of Food
Intake by Individuals. Between groups of savers and non-savers, the paper finds
the latter have consumption patterns that drastically decline by the end of the
month. The individuals without savings simply do not have enough money to
eat prescribed daily amounts of calories. The paper concludes that government
transfers should be made more frequently during the month to curb non-savers’
quasi-hyperbolic consumption patterns. These patterns are defined by a consumers’ behavior to discount consumption between today and tomorrow at a
higher rate than between adjacent days further in the future. These consumers
cannot resist the instant gratification of higher consumption today. Shapiro
(2005) also supports the theory of a quasi-hyperbolic discounting individual
by reviewing data from the Food Stamp Nutrition Cycle. This paper also concludes on increasing the frequency of payments to smooth consumption patterns
among individuals with hyperbolic tendencies. Hastings (2010) studies cyclical
food consumption using a grocery store scanner data in Nevada to track pur-
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chases of benefits recipients throughout the month. He finds an average 19%
decline in food expenditures from week one to week nine. This suggests that
benefits recipients increase their food consumption in the first few weeks and
then rapidly decrease as their benefits supply decreases. His paper also supports
Shapiro (2005) by proposing spreading out government transfers to smooth the
spending of benefits recipients. At this point, it is unclear the indication this
has on low-income obesity rates, but it is important to note spending patterns
of low-income individuals as they are the group most prone to higher obesity
rates in the United States (Levine, 2011). The caveat to these articles is that
they are measures of a Local Average Treatment Effect. This is a measurement
of a localized region of study that is highly specific and reactive to the results
of the studies. It is uncertain if the results of the previous three articles and the
three following are generalizable. Cawley et al. (2010) conducts measurements
on the elderly who benefit from the Social Security Benefits Notch, a program
that increases retirement benefits for certain birth year cohorts in the United
States. A commonality among Cawley et al. (2010), Akee et al. (2013), and
Schmeiser (2009) is that all these articles focus on low-income groups in specified regions of the United States. The reason for this is that weight appears to
be very responsive to income increases among low-income individuals. Parker
et al. (2008) studies income and weight by exploiting the natural experiment
of government stimulus during the Great Recession. The article estimates that
individuals increase food expenditures by 2% of the value of the government
transfer.
Nutrition transition is also an important section of the literature as it captures both economic growth and obesity prevalence in developing countries.
Generally, there is a change from diets that consist of grains to ones that are
high in sugars, fats, and animal-source proteins (Popkin, 2006). One of the
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earliest guides to this field is from Timmer et al. (1984), who design guides
for politicians on food policy analysis. Their book emphasizes the importance
of income differences for food consumption and nutritional deficiencies. With
it, comes an introduction between the relationship of nutrition and income to
policy makers. This is a foundational book that establishes the importance of
the dynamic between wealth and food inequalities. Chaudri and Timmer (1986)
also explain that income rather than food expenditures is a more appropriate
metric for relating consumption to increased body weight. Their work supports
the idea that growing income causes not only increases in consumption but also
increases in calorie-dense consumption. Popkin (1997) analyzes cross-country
data between 1962 and 1994 to reveal a structural change in the global diet. His
work finds an overall increase in the consumption of fats by low-income individuals due to cheaper food prices. The adverse effect of this transition to higher
fat consumption is, of course, obesity. Popkin (1997) attributes the rapid pace
of the change to population patterns and, more importantly, to occupation and
income changes around the world. Nutrition transition is particularly tricky
to combat in developing countries. Misa and Khurana (2008) attribute rising
prevalence of obesity in developing countries to nutrition transition, urbanization, and increasingly sedentary occupations. The difficulty of rising obesity
in developing countries is the fact there is a divide between over- and undernutrition. Giuntella et al. (2019) note that there is an increasing number of
unhealthy foods from the U.S entering Mexico that are affecting the diets of
high and middle-income Mexican families.
Overall, the evidence suggests that there is a dynamic relationship that
needs to be further explored between income and obesity. Though much of the
literature suggests there is a positive relationship in this field of research, it
also looks at the turning point between the negative relationship between in-
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come and obesity (i.e. high-HDI countries4 ) and the positive relationship (i.e.
low-HDI countries). Sobal and Stunkard (1989) and McLaren (2012) find that
there is a negative correlation between weight and income for women in industrialized countries. McLaren (2012) further reviews this negative relationship
by analyzing 333 studies during the years 1988—2004. Key evidence of the
paper is that several industrialized countries present a socioeconomic gradient
concerning diet. Those in higher socioeconomic groups have a diet that is rich
in fruits, vegetables, and lean meats because these tend to be more expensive
options in comparison to less nutrient-rich substitutes. This paper also updates
the Sobal and Stunkard (1989) literature and finds that data from medium and
low-income countries present positive trends between growing income and body
weight. Next, Jo (2014) explores the relationship between family income and
childhood obesity. Using the Early Childhood Longitudinal Study Class of 199899, the author finds that family income and childhood obesity are negatively
correlated, but for children from very low-income families, this relationship is,
again, positive. Not only is the relationship in this study in line with the
inverted U-shape from the theory, but also it is also stronger for low-income
families. This signals that obesity rates are rising faster in low-income families
as opposed to in middle- and high-income families. The paper follows students
from kindergarten through 8th grade and finds that students from lower-income
families are more likely to end up obese by the time they reach middle school.
The paper examines parental employment, parental behaviors, school meals,
and individual behaviors. However, it is not clear what is the strongest indicator of weight gain among children. Some articles in the literature do not support
the idea of a positive relation between body weight and income. Ogden et al.
(2010) use (2005-2008) National Center for Health Statistics data to find that
4 Human Development Index (HDI) is a static composite, created by the UN, of life expectancy, per capita income, and education indicators which are used to rank countries into
development tiers.
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among women, obesity prevalence rises as income decreases. They also find that
most obese men are not from households below the poverty line. Kuhn et al.
(2011) look at winners of the Dutch Post-code Lottery and find that there was
no significant impact of winning on food expenditures.
The empirical literature sets up a strong basis for the link between obesity
and income, but it lacks dynamic foundations, as empirical articles focus on
one-time increases in income in specialized populations.

1.2 Theoretical Studies
It is necessary to review previous theoretical findings before attempting to
develop any new model in the literature.While there are many empirical studies
done in the field of health economics that concern obesity and income, however,
there are not nearly as many theoretical works that establish clear relationships
between the two economic indicators. Posner and Philipson (2003) attribute the
increase in obesity mainly to technological change that has lowered the price of
food while simultaneously increasing the costs of caloric expense (i.e., exercising). They find that the increase in income has a weaker effect on obesity when
economic development increases. Next, Lakdawalla et al. (2005) expand this
point by writing “When market production involves manual labor, the worker
is paid to exercise; in advanced economies, people pay to exercise”. They also
find that income earned from skilled, sedentary work increases weight. They
present the idea that increases in income stimulate food demand, thereby increasing weight, but there is a negative effect as well since people generally
enjoy being thin and healthy. The main focus is on the fact that food prices
decrease by about 0.2% annually between 1950 and 2000. They argue that
technological change lowers the cost of calories while at the same time raises
the cost of physical activity. They assume that this is a major contributor to
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weight gains in advanced economies versus those in developing countries. Another major contribution to the literature is the dynamic model by Dragone
and Ziebarth (2017). This work illustrates how diet and body weight change as
more foreign food products become available to consumers. Utilizing the natural
experiment of German reunification, they find that East Germans gained more
weight after the fall of the Berlin Wall because of increased access to Western
food. The most recent work in this field of economics is by Mathieu-Bolh and
Wendner (2018). They build a neoclassical growth model with positional preferences and find that higher-income individuals in industrialized countries tend
to have a higher disposition towards low-calorie foods, but the opposite is true
in developing countries. This implies that there is a turning point in economic
development where income and obesity have a negative relationship. Philipson and Posner (2008) describe this phenomenon with the neoclassical weight
model. The closer one is to an ideal weight, the more weight acts as a normal good. Underweight individuals apply more income to weight gain whereas
wealthy overweight individuals apply their income to weight loss. This describes
a non-monotonic relationship between food and income within countries. It is
also important to note that the neoclassical weight model is not the same as a
neoclassical growth model. The neoclassical weight model is one that describes
static relationships between food consumption and income whereas the neoclassical growth model with positional preferences describes a dynamic relationship
between food consumption and income, which is important to understand the
link between income growth and the rise in obesity prevalence.

1.3 Methodology and Results
Only Mathieu-Bolh and Wendner (2018) extend the neoclassical theory to
explain the changing link between obesity and income among various socioe-
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conomic groups over time, but they do not present numerical simulations. In
this thesis, I use a simple extended version of the neoclassical growth model
to explore the relationship between income growth and obesity prevalence. My
study focuses on the average consumer, and does not explore cross-sections of
the population. I simulate the model with Mathematica after calibrating it to
match long-run economic indicators and health indicators. The Mathematica
code I use applies the time elimination method by Mulligan and Sala-i-Martin
(1991), learned in my advanced macroeconomic theory seminar. The end result is a quantitative analysis of the link between economic growth and the rise
in obesity with numerical simulations. The model also predicts future average
BMIs. Additionally, I study potential effects of the COVID-19 pandemic on
predicted BMIs and consumer reactions following the COVID-19 pandemic.
There are three main results of my work. All studied countries are expected
to reach a long run average BMI corresponding to overweightness (>25) or
obesity (>30) except for Thailand. Some selected countries reach an average
BMI that is overweight (Egypt, Turkey) or obese (Turkey) faster than other
selected countries depending on their per capita income levels and growth rates.
While there is a diminishing influence of income growth on body weight gain
as a country develops, the effect of income growth on body weight is larger in
rich than in poor countries. The pandemic may result in higher than expected
long-term BMIs unless increases in long-term tax burdens negatively affects per
capita incomes.

2

The Model
I present the neoclassical growth model by Ramsey (1928), Cass (1965), and

Koopmans (1965) (RCK) in order to better explain how the growth of income
and obesity are related. This is the foundational model of my thesis. I review
11

the assumptions and behaviors of firms and households in this model. After,
the presentation of the standard model, I present my additions to this model. I
introduce the Schofield (1985) equation for net caloric intake in order to connect
body weight to consumption. In doing this, I find a relationship between economic growth and rising obesity prevalence. The augmented model has microeconomic foundations, describes the optimal inter-temporal food consumption
decisions, and connects food consumption growth with weight growth.

2.1

Firms

The market is assumed to be large and firms are price takers, wherein no
individual firm can influence the price in the market. Firms are maximizing
profits by choosing output levels subject to their costs of production.
The production function is expressed as Y = F (K, AL), wherein K is capital
accumulation and AL is the fixed effective labor force. I set AL = 1 in order to
simplify the base model. I represent the production function in its intensive form
(in per effective worker terms) as f (k). The function also expresses constant
returns to scale. In this economy, costs of production are rental rates paid for
capital, r and wages paid to laborers, ω. Firms profits are then represented by:

π = f (k) − ω − (r + δ)k

(1)

Where π denotes profits, k denotes physical capital and δ denotes the rate of
depreciation. Firms maximize profits by choosing capital per effective worker.
At the optimum

∂π
∂k

= 0, which gives:

r(t) + δ = f 0 (k)
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(2)

2.2

Households

There is a large number of households that supply labor and rent capital
to firms. Firms are owned by households in this economy therefore any profits
earned by firms are taken as income by households. The representative households’ problem is defined as a constrained utility maximization problem. The
intertemporal utility is:
ˆ∞
U=

e−ρ(t)

c(t)1−θ
dt
1−θ

(3)

t=0

where ρ is the rate of time preference (impatience) and θ is the coefficient
of relative risk aversion. The more impatient consumers are, the higher the opportunity cost of present consumption. A more risk averse household consumes
more today and less in future periods. This intertemporal utility function integrates current and all future discounted utility in continuous time. The discount
factor is e−ρ(t) and the fractional component represents instantaneous utility.
In this model, households are maximizing utility subject to the dynamic
budget constraint.

k̇(t) = r(t)k(t) + ω(t) − c(t) − T (t)

(4)

The dynamic budget constraint (4) is a function of consumption c(t), income,
and taxes T (t). Income is the return from renting from capital r(t) and the
wages earned ω(t) . Thus, we see that k̇(t) represents change in wealth for
households. Based on this budget constraint, the two options for consumers
in this economy are to either spend what they earn now or save it for future
consumption. Furthermore, we impose:
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lim e−R(t) k(t) = 0

t→+∞

(5)

Where R(t) is the integral of the interest rate between 0 and t . The consumer
is subject to a No-Ponzi Game constraint (5), which means that households
cannot continuously borrow money to pay off debt. We also assume the economy
starts with a positive stock of capital, k(t) > 0 to ensure growth.
The model is solved in standard fashion using a Hamiltonian. The Present
Value Hamiltonian includes the objective and the dynamic budget constraint.
The optimality conditions are:

H = e−ρt [

c(t)1−θ
+ λ(t)[(r(t))k(t) + ω(t) − c(t) − T (t)]
1−θ

(6)

∂H(t)
=0
∂c(t)

(7)

∂H(t)
= −λ̇(t)
∂k(t)

(8)

lim e−ρ(t) λ(t)k(t) = 0

(9)

t→∞

Consumers chose consumption levels to maximize utility subject to three
optimality conditions. The first optimality condition is the marginal utility of
consumption, λ(t) = c(t)−θ . The second describes consumers intertemporal
choices. The third and final condition of this maximization problem is known
as the transversality condition (9). It states that it is not optimal to die with
a positive stock of capital. If one dies with money in the bank, it implies that
one missed out on consumption in previous periods.
Combing (7) and (8) we obtain (10), which presents the optimal consumption
14

path of the model. This equation is known as the Euler equation. As we can
see in the equation, interest rates higher than ρ result in consumption growth
because they act as the reward for postponing consumption. This equation not
only describes consumption behavior, but also savings behavior of households.
˙
c(t)
r(t) − ρ
=
c(t)
θ

2.3

(10)

Government & General Equilibrium

T (t) = G(t)

(11)

In this model, government spending, G(t), is fully financed by lump-sum
taxes, T (t), borne by households5 . These taxes are introduced in (4) but do not
affect optimal consumption decisions because they are lump-sum rather than
distortionary taxes. The introduction of government spending and taxes is not
relevant for the theoretical analysis of my model, but it is an important factor
to consider to simulate a model as close as possible to the actual economy.
The following goods market equilibrium closes the model. There are three
markets in this model, the capital market, the labor market, and the goods
market. By assumption, capital and labor markets are in equilibrium. By
Walras’s law6 , the goods market is also in equilibrium.

Y (t) = C(t) + I(t) + G(t)

(12)

5 See the economics.soton.ac.uk website for details on the addition of the public sector into
the Ramsey model.
6 Walras’s law states that the sum of the values of excess demands across all markets must
equal zero, whether or not the economy is in a general equilibrium. Thus, if all markets but
one are in equilibrium, then that last market must also be in equilibrium.
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2.4

Modification of the Model

This section describes the extension of the original model in order to connect
weight gain to food consumption7 .
2.4.1

Schofield Equation

Individual weight gain ẇ is represented by the following equation (Schofield
1985):

ẇ(t) = β c cf (t) − β w w(t)

(13)

Where food consumption is a constant fraction of total consumption:

cf (t) = γc(t)

(14)

This equation connects ẇ to food consumption cf by measuring net caloric
intake. In equation (14), γ is the portion of total consumption that is spent
on food that is consumed. The coefficient β c is calories per unit of food consumption which is also known as energy density and β w is basal metabolic rate
(BMR), which is the number of calories required to keep the body functioning.
In this equation, w(t) is body weight.
2.4.2

Weight Externality

I adjust the utility function represented in (3) to express the effect weight
has on utility:
ˆ∞
U=

{e

−ρ(t)




c(t)1−θ
ˆ dt
− ∆(w)}
1−θ

t=0
7 See

Mathieu-Bolh and Wendner (2018)
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(15)

where ∆ is a function of being over- or under-weight expressed by the following equation:

ˆ = φ(w − w∗ )2
∆(w)

(16)

Where w∗ is the ideal body weight8 . Consumers maximize (15) subject to
(4) and (5), and given (13). Since weight is not a decision by consumers, the
Euler equation remains unchanged.
I introduce the addition of average body weight to the utility function to
capture the ideas that while food consumption will increase utility, excess body
weight causes disutility. This is an interesting relationship because food consumption also causes body weight to increase, which, in turn, causes disutility.
Excess weight causes disutility because of the associated health issues (diabetes,
heart disease, etc.), as well as externalities (increased healthcare premiums).
While this expression motivates the study of obesity by economists, it has no
effect on my current results. It is, however, an important element to consider
for future extension of this research to welfare analysis.

2.5

Dynamics and Steady State

In an equilibrium, with given interest rates, individuals are maximizing utility and firms are maximizing profits, that is to say they behave optimally. The
labor market, the capital market, and the goods market are in equilibrium.
In steady state equilibrium, the dynamic cf is a constant fraction of general
consumption. Thus, the macroeconomic equilibrium is fully described by the
following dynamic equations.

ċ =
8 See

(f 0 (k) − δ) − ρ
θ

Mathieu-Bolh (2019).
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(17)

2.5.1

k̇ = (f 0 (k) − δ)k + ω − c − T

(18)

ẇ = β c γc − β w w

(19)

Steady State

In steady-state equilibrium, the economy verifies k̇ = ċ = ẇ = 0. In this
economy, we assume f (k) = k α , a standard Cobb-Douglas function. In this
function, α represents the contribution of capital to output. The following three
equations are the steady-state solutions to this model:

k=

1
 ρ  α−1

α

c = f (k) − T − δk

w=

β c γc
βw

(20)

(21)

(22)

Knowing all steady state equations, (22), (20) , and (21), we solve this
system to obtain a unique equilibrium of body weight as a function of the
models’ parameters:

w=

β c γk α − T − δk
βw

This equation shows that there is a unique equilibrium bodyweight.
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(23)

2.5.2

Dynamics

A general representation of the dynamics is obtained with the Phase Diagram, which is represented in figure 1.
Figure 1: Equilibrium

Figure 1

In figure 1, ċ represents the direction of motion of c and k̇ represents the
direction of motion of k. The direction of motion is represented by the arrows in
this diagram. Based on analysis we have an equilibrium known as a saddle point.
The steady state equilibrium is represented at the crossing of these two curves,
in point E. In economics, a saddle path solution means that there is a single
c value that corresponds to any k > 0. When starting from a point below the
steady state, where both c and k are below their steady state levels, we observe
increases in both the stock of capital and food consumption as we reach the
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steady state. Based on equation (23) that connects weight gain to consumption,
this implies there is a unique path for body weight that is increasing over time
as the stock of capital and levels of food consumption rise.

2.6

Comparative Statics

I rewrite (23) using f (k) = k α to comment on the relationship between
growing capital, and income, on body weight.

w=

β c γ c (f (k) − T − δk)
βw

(24)

Per capita income depends on k, so an increase in k results in a less than oneto-one increase in income. Taking the partial derivative of equation (24) with
respect to capital, which is exogenous in the steady state, I obtain :
∂w
βcγc
= w (f 0 (k) − δ)
∂k
β

(25)

This equation describes the effect of an increase in capital (and income) on
equilibrium body weight. As we can see from the equation, the relationship
between capital and body weight is positive for all values k > 0 as long as
f 0 (k) > δ. Growing economies start with low levels of physical capital, meaning
small increases in the stock of capital yields higher marginal product of capital
over depreciation levels. In this model, k represents individuals’ wealth as all
investment in this economy comes from households and firms that are also owned
by those households. When k increases the production function indicates that
income increases. As a result, wealthier households consume more food and
gain weight.
Furthermore, from the equation (25), we see the effect of increasing calories per unit of food consumption, β c , on body weight. As calories per unit
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of food consumption are high, so is equilibrium body weight. Quite simply,
this represents the fact that consuming more calorie dense foods, holding other
factors constant, causes body weight gain. However, when the average BMR,
β w , increases, body weight decreases, holding all other factors constant. This is
logical, because a higher BMR indicates a higher calorie need for the population
for survival. An increase in the fraction of consumption allocated to food, γ,
clearly yields a higher body weight.

3

Numerical Simulations
The theory predicts that an increase in income increases body weight. In

this section, I quantify the effects both from a static and a dynamic point of
view.

3.1

Calibration Methodology

Hansen and Heckman (1996) highlight the importance of shifting focus to a
model that demonstrates microeconomic predictions in order to help simulate
research on macroeconomic models. Their work focuses on the importance of
microeconomic foundations that fill gaps but also note that certain gaps in the
data are irrelevant to certain models. Following Kydland and Prescott (1996), I
use calibration as an economic computational experiment. Thus far, I proposed
a research question, laid out the theory, and constructed a model economy. Now,
I calibrate this economy using real-world data from select countries to provide
quantitative results. There are outlined steps in any economic computational
experiment:
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1. Pose a question: In order to derive a quantitative answer, I pose the question, “will an increase in income cause an increase in obesity prevalence?”
2. Use a well-tested theory: This is accomplished in the sections wherein I
outline the RCK model.
3. Construct a Model Economy: I accomplish this when I extend the RCK
model to include obesity
4. Calibrate the Model Economy: In order to calibrate the model , selected
economic indicators are chosen to represent real-world data. I find realworld data over a long-run period for economic indicators, which is used
for calculating the parameters of my model so that the steady state mimics
as closely as possible the real-world long-term data.
5. Run the Experiment: Calibration ends with actually running the program
in Mathematica to make predictions about income and obesity as well as
income growth and the rise in obesity.
6. Conduct a Sensitivity Analysis: Last, I test the robustness of the results
using different parameter values that account for the effect of the current
pandemic.

The result of my computational experiment through calibration is a quantitative result that clarifies the relationship between income growth and obesity
prevalence, and can be used for predicting future BMIs.

3.2

Country Selection

Country selection begins with the goal of finding economies that clearly have
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a growing obesity problem, but that are also going through economic development that yields overall increasing incomes. The goal of selecting countries from
various continents is to predict globally recognizable trends of increasing obesity
and income.
According to the World Health Organization data, the crude obesity rate
for the American population older than eighteen is about 36% (“Global Health
Observatory”). The US’s GDP per capita in the year 2019 is about $62,000
(“GDP per Capita Current US$”). In 2016, Mexico reports obesity rates as high
as 28.9%. Despite only having a GDP/capita of about $10,000, Mexico’s obesity
percentages are not far off from those that are observable in the US. Thailand,
Egypt, Turkey, and Chile are also all interesting economies to apply my model.
They all have a GDP/capita averaging between $3000 and $15000 in 2016 and
also have the highest obesity prevalence metrics of their regions9 . In all, the
countries that are selected are interesting because of the empirical evidence of
high regional per capita GDPs as well as high obesity rates.

Table 1 Country and Regional GDP/Capita (2011-2016 avg.)
Country

Real GDP/Capita (Country)

Real GDP/Capita (Region)

Egypt

$3,299

$4,438

Thailand

$5,882

$5,907

Mexico

$10,073

$9,753

Turkey

$11,571

$9,151

Chile

$14,638

$9,753

$54,055

$53,459

United States
Source: World Bank Data

9 There are six regions of the world as defined by the World Health Organization. They
are defined as Africa, the Americas, Eastern Mediterranean, Europe, South-East Asia, and
theWestern Pacific.
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Table 2 Country and Regional Obesity Prevalence (2011-2016 avg.)
Country

Obesity Rate (Country)

Obesity Rate (Region)

Thailand

9%

5.24%

Mexico

27.57%

22.08%

Chile

29%

22.08%

Egypt

30%

23.90%

Turkey

30%

23.30%

United States
34.70%
22.08%
Source: World Health Organization ( Global Health Observatory Data)
From Table 1, it is clear to see that the selected countries have near or
above average GDP/capita metrics than their respective regions. This data is
an important metric to consider when compared with the data from Table 2
as well. We can see, that in all cases, the selected countries also have above
average obesity rates for their respective World Health Organization regions.
This suggests that there is a positive relationship between obesity prevalence
and income level.

3.3

Data Selection

I collect macroeconomic data for each country and present the average and
range of these data below. These are important reference points for my model
to track how accurate it is at matching the real-world economies. The indicators are as follows: consumption per unit of GDP (C/Y), investment per
unit of GDP (I/Y), capital per unit of GDP (K/Y), government spending per
unit of GDP (G/Y), food consumption as a unit of total consumption (Cf/C),
and labor share10 per unit of GDP (ωN/Y ). The economic indicators (C/Y),
(I/Y), (K/Y), and (G/Y) are sourced from the World Bank national accounts
10 The

labor share is the part of income allocated to wages.
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data (2018). The capital per output ratio is particularly difficult to calculate,
therefore I follow Doblin (1991) for the United States. The majority of the
components of GDP are available from 1970 to 2018, the exception is (I/Y) for
Egypt, which starts in 1975. Economic indicators are presented in table 3.
I calculate the average body weight of the adult population from 1975 to 2016
for each country. Since this data is not available over time for each country but
BMIs are available, I calculate it using the BMI equation11 . I run a regression
to project growth rates of height based on the data collected by the NCD Risk
Factor Collaboration (2016) from 1975 to 1996 for each country in order to fill
in the years from 1997 to 2016 (see Appendix 7.1 for regression results). Then, I
use the projected heights to again calculate body weight using the BMI equation
and the data collected from the World Health Organization (2018) about BMI
rates from 1975 to 2016 in each country. I use the Food and Agricultural
Organization’s data (2018) on food consumption as a share of total expenditure
to first measure Cf/C. I also account for food waste in my calculation of Cf/C
for a more accurate measure of actual food consumption and not just food
purchased. I interpolate this data set by using the average from 1990 as all
previous years’ measurements, and then continuing with the data from 1990 to
2018. Averages of this economic indicator are more difficult to estimate due to
the lack of available data for all countries. According to Buzby et al. (2014),
30% of food is wasted at the consumer and retail level. For simplicity, I use
this percentage to calculate average food waste for all countries selected. I
present the average of each indicator as well as a range from the data. Next,
I use the number I calculated for W and divide by average food consumption
expenditures for each country using the Euromonitor (2018) data in order to
calculate (W/Cf).
11 BMI=

Weight (kg)/ Height (m)^2
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Finally, I calculate labor share per unit of GDP, (ωN/Y ), by collecting data
for the United States from the U.S Bureau of Economic Analysis (2018). For
the rest of the countries, I follow Guerriero (2019), wherein a data set from the
International Labor Organization (2018) is used to calculate average labor share
for individual countries between 1970 and 2015.
Tables 3 and 4 below present all summary statistics that I need to calibrate
parameters and to reproduce the long-term characteristics of the economy.

Table 3 Summary Statistics 1 (%) (Average, [Range])
Country

C/Y

I/Y

G/Y

K/Y

Egypt

72.4

21.3

14.4

3.38

(1975-2018)

[63.09-88.12]

[11.25-33.11]

[8.35-25.74]

[1.22-11]

Thailand

57.9

28.4

12.8

3.09

(1970-2018)

[48.72-70.00]

[20.07-42.86]

[9.22-17.12]

[1.48-7.10]

Mexico

66.7

22.4

9.93

1.48

(1970-2018)

[57.97-73.22]

[17.83-25.95]

[7.61-12.33]

[.38-4.21]

Turkey

60.9

22.7

11.9

1.49

(1970-2018)

[51.11-70.60]

[13.73-31.27]

[7.50-15.77]

[.81-2.49]

Chile

65.2

21.3

12.3

2.51

(1970-2018)

[54.76-80.79]

[8.55-28.15]

[9.66-16.08]

[1.44-8.11]

United States

64.5
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15.65

2.5

(1970-2018)
[59.60-68.46] [17.80-25.11] [13.98-17.63] [2.50-2.80]
Source: World Bank national accounts data, Federal Reserve Economic Data
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Table 4 Summary Statistics 2 (%) (Average, and [Range])
Country

W

Cf/C

W/Cf

ωN/Y

Egypt

70.51

42.00

0.091

0.410

[0.070-0.126]

[0.347-0.450]

[66.10-74.88]
Thailand

Mexico

Turkey

Chile

United States

60.16

27.50

0.075

0.782

[52.63-58.00]

[27.30-29.40]

[0.066-0.081]

[0.600-0.962]

63.29

37.53

0.051

0.560

[55.29-70.45]

[26.00-43.00]

[0.403-0.511]

[0.441-0.712]

71.98

24.03

0.053

0.503

[63.90-79.42]

[23.10-26.96]

[0.047-0.065]

[0.409-0.621]

72.03

18.11

0.053

0.636

[66.24-81.16]

[15.75-18.90]

[0.048-0.057]

[0.501-0.753]

78.34

11.53

0.039

0.614

[72.59-84.04]
[9.29-12.60]
[0.032-0.047]
[0.588-0.649]
Source: World Bank national accounts data, Author’s calculations, Food
and Agricultural Organization Statistics Household Survey Database, Guerriero
(2019)

3.4

Calibration

Parameter values are calculated using long-term metrics for the various countries. To estimate ρ, which is the rate of time preference, I use average yields
of 10-year government bond debt as measured by the World Bank national accounts data (2018) from 1990 to 2018 for Chile, Thailand, and Egypt. For the
United States, I use 10-year treasury security rates on an average annual basis
from Federal Reserve Economic Data (2019) starting in 1975 until 2016. I collect
data from Federal Reserve Economic Data (2018) on the 10-year government
bond yield for Turkey from 1990 to 2018. For Mexico, I use 10-year government
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bond yields, which are annually averaged from Federal Reserve Economic Data
(2019) between the year 2002 and 2018. I calculate contribution of capital to
output, α by using the formula (ωN/Y ) = 1 − α. I then use equation (21)
to solve for the parameter δ. I take the results by Havranek et al. (2015) for
relative risk aversion θ for each country. I calculate calories per unit of food
consumption, β c by using equation (22). I use data from the United States
Department of Agriculture International Food Consumption Patterns database
(2018) to measure food expenditures for households in each country. Accounting for a 30% food loss by Buzby et al. (2014). The Basal Metabolic Rate,
β w , is a biological metric that measures average human caloric expenditure at
rest. Since this is a biological parameter, I took the average from the results of
Anthanont & Jensen (2016) on the United States’ average of male and female
BMR, for each country because consumption data is for the household units,
which are not specific to gender. The parameter, γ is calculated using the formula γ = BM R ∗ W/Cf for each country. Taxes, T /Y , in the economy are
average tax revenues levied on the population which is calculated using data
from the Congressional Budget Office (2015) for the United States. Average
tax revenues for Mexico, Egypt, Thailand, and Turkey are extracted from the
Organization for Economic Co-operation and Development (2019) and tax revenues for Chile are from a publication by the Chilean central bank by Trigari
and Perotti (2011). Obtained parameter values are presented in table 5.
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Table 5 Parameter Values
Country

ρ

α

δ

θ

βc

γ

BMR

T /Y

Egypt

0.04

0.33

0.04

0.081

194.81

1312686

1665

0.225

Thailand

0.05

0.22

0.09

0.081

159.82

1600002

1665

0.350

Mexico

0.08

0.30

0.15

0.158

97.19

770700

1665

0.180

Turkey

0.12

0.50

0.18

0.314

115.43

729700

1665

0.282

Chile

0.06

0.36

0.08

0.137

113.23

729270

1665

0.350

United States 0.07 0.38 0.05 0.594
Source: Author’s calculations, World Bank

69.34

437562

1665

0.298

3.5

Model Validation

To validate my model, I present the long-run levels of the generated economic
and health indicators and then compare the results with the real-world levels
(See Appendix 7.2 for corresponding Mathematica program ).
Table 6 Egypt
Egypt

C/Y

I/Y

K/Y

G/Y

W/Cf

Actual

0.724

.213

3.38

0.144

0.091

Model

0.775

.058

1.83

0.166

0.090

Table 7 Thailand
Thailand

C/Y

I/Y

K/Y

G/Y

W/Cf

Actual

0.58

0.28

3.09

0.128

0.075

Model

0.65

0.042

1.57

0.308

0.079

Table 8 Mexico
Mexico

C/Y

I/Y

K/Y

G/Y

W/Cf

Actual

0.67

0.22

1.48

0.09

0.051

Model

0.77

0.07

1.91

0.21

0.050
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Table 9 Turkey
Turkey

C/Y

I/Y

K/Y

G/Y

W/Cf

Actual

0.61

0.23

1.48

0.12

0.053

Model

0.71

0.13

1.72

0.16

0.050

Table 10 Chile
Chile

C/Y

I/Y

K/Y

G/Y

W/Cf

Actual

0.65

0.21

2.52

0.12

0.053

Model

0.68

0.11

2.57

0.21

0.050

Table 11 United States
United States

C/Y

I/Y

K/Y

G/Y

W/Cf

Actual

0.65

0.22

2.4

0.16

0.039

Model

0.70

0.15

3.16

0.15

0.030

Overall, my model matches actual economies fairly well for each country.
Discrepancies between actual and model economies are explained as follows.
The consumption to output ratio is generally overestimated by my model, but
this can be explained by the fact I am modeling a closed economy, therefore
net exports are not counted in my calculation for total GDP, which would give
the impression that domestic consumption is higher in the model than in the
real-world. The investment to GDP ratio is then affected by the overestimation
of C/Y because, in this closed economy the GDP is defined by equation (12).
It is generally underestimated in my model because C/Y is overestimated. My
capital to output ratio is fairly accurate for most economies modeled, some
variation could be due to the difficult parameterization of capital intensity, α.My
model over- or underestimated the government to output ratio, because I assume
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all government spending is collected through taxes, which means there is not the
possibility of government debt. Finally, the body weight to food consumption
ratio is highly accurate in my model, though slightly overestimated for each
country.

4

Baseline Numerical Results

4.1

Countries’ Outlook in the Steady State

In this section, I present the steady state levels of GDP/capita, food consumption in total income, and average individual weight in each country based
on real world levels and the levels that my model predicted (see Appendix 7.2
for the Mathematica code).
4.1.1

Standard of Living and Obesity Rankings

In this section, I present three tables that summarize important quantitative
predictions of my model. I present the actual rankings of GDP/capita, Cf/Y
and W/Cf in comparison to the ratios my model generates. Table 12 and Table
13 use the same data from the World Bank national data accounts (2019) and
Euromonitor (2018) that I use to create Table 2 through Table 4. The weight/Cf
column for the real-world data is recorded from the set of data I use to calculate average individual body weight, however; since my model uses household
consumption data, I also adjust the average weight to reflect average individual
body weight for each country by dividing by the average household size from
the United Nations Household and Size Composition study (2019).
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Table 12 Cross Country GDP/capita
GDP/capita (Actual)

GDP/capita (Model)

United States

United States

Chile

Chile

Turkey

Turkey

Mexico

Mexico

Egypt

Egypt

Thailand

Thailand

Table 13 Cross Country Cf/Y
Cf/Y (Actual)

Cf/Y (Model)

Egypt

Egypt

Mexico

Mexico

Thailand

Thailand

Turkey

Turkey

Chile

Chile

United States

United States

Table 14 Cross Country Weight/Cf
Weight/Cf (Actual)

Weight/Cf (Model)

Egypt

Thailand

Thailand

Egypt

Turkey

Turkey

Chile

Chile

Mexico

Mexico

United States

United States

Presenting rankings is another way to validate the accuracy of my model,
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and a base for presenting long term predictions. It is clear from these results,
that the model is a strong match to key long-run conditions, not only within the
individual economies, but also as within a global context. Table 14 presents a
discrepancy between the ranking for Thailand and Egypt which can be explained
by less complete real-world data for these two countries, which makes it difficult
to accurately estimate Cf. The proportion of the population that is female in
Thailand is about 5% higher than that of Egypt according to a World Bank
(2017) study on sex ratios, which would mean the average weight is most likely
smaller in Thailand than my model could predict because I do not account for
gender differences in behavior of BMIs.
Overall, the match between actual and model ranking validates the assumption that income is a key determinant of body weight.
4.1.2

Predicted Body Weight and BMI

In this section, I present the steady state levels of body weight that my
model estimates for each country. I then calculate the BMI for each country
using the average height in order to present which countries reach an average
weight that is considered obese (BMI ≥ 30 ) or overweight (BMI between 25
and 29.99).
Table 15 Individual Body Weight and BMI
United States

Chile

Turkey

Body Weight (kg)

BMI

Body Weight (kg)

BMI

Body Weight (kg)

BMI

111

38

85

31

86

30

Egypt

Mexico

Thailand

Body Weight (kg)

BMI

Body Weight (kg)

BMI

Body Weight (kg)

BMI

74

28

61

25

60
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I separate the countries into two categories at this point in my work. In the
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upper portion of the table, I present the high GDP/capita countries, which are
the United States, Chile, and Turkey. My model predicts that each of these
countries reach high steady state body weights as well as BMI levels that are
categorized as obese. The United States reaches a steady state obesity level that
is so high that it is considered class II (BMI between 35 and 39.99) which is also
defined as “morbidly obese” by the World Health Organization (2004). Chile
reaches a BMI that is considered class I obese (BMI between 30 and 34.99).
Turkey reaches the lowest of the three high GDP/capita countries, but this is
also an obese BMI that falls into the class I obesity category. In the lower portion
of the table, I present the low GDP/capita countries, which are Egypt, Mexico,
and Thailand. My model predicts average body weights in these countries that
are significantly lower than in the previously described countries, but it is also
important to look at the BMI to get a clearer picture of health in each country.
None of the countries have a predicted BMI that is categorized as obese, but two
of the three are considered overweight. Both Egypt and Mexico have average
BMIs that are defined as overweight or pre-obese (BMI between 25 and 29.99)
by the World Health Organization (2004). My model predicts Thailand as the
only country that reaches an average BMI that is in the normal range (BMI
between 18.50 and 24.99). Overall, all countries that grow to reach a higher
GDP/capita in the long run can expect an increase in average individual BMIs.

4.2

Countries’ Outlook During Transition

In this section, I look at the link between economic growth and weight gain
for each economy by presenting the time paths of food consumption, GDP, and
body weight (see Appendix 7.3 for corresponding Mathematica code).
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4.2.1

Output Growth and Obesity Thresholds

The time paths show how the economy evolves overtime. They are interesting to compare countries as they can clarify the growth rates and the speed
at which an economy reaches its steady-state. I present two graphs for each
economy, and then I comment on the trends as well as individual anomalies
that are note worthy. Each graph is generated using Mathematica which relies
on interpolation functions that can cause miscalculations by the program itself
after certain time-periods in each country. Because of this, I present results
for the farthest year for each country that Mathematica could accurately estimate given the parameters of the model. This explains the discrepancy in the
horizons of the prediction for different countries.
Figure 2: United States
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Figure 3: Chile

Figure 4: Turkey
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Figure 5: Egypt

Figure 6: Mexico
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Figure 7: Thailand12

The time paths describe the transition of each economy to its steady state
level. For the three high GDP/ capita countries, the United States, Chile, and
Turkey, I note the average weight of each nation that pushes them past an
average BMI of 25 (overweight) and an average BMI of 30 (obese). I also note
the weight that will cause an average BMI of 25 in Egypt and Mexico. To
do this, I calculate the weights on the x-axis with the average height for each
nation as generated by my earlier regressions, in order to pinpoint the weight
that would output the previously mentioned BMI levels. Knowing this, I can
rank each country based on the date at which they reach their overweight and
obese thresholds. The following table presents the list of countries that reach
an average BMI of 25 (overweight) and 30 (obese) from earliest to latest into
the transition.

12 Overweight

Threshold is not to scale.
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Table 16 Date at which Overweight Threshold is Reached
Country

Year

Egypt

3.8

Turkey

4.7

Chile

6.7

United States

8

Mexico

15.5

Table 17 Date at which Obesity Threshold is Reached
Country

Year

Turkey

10

United States

11.6

Chile

12.1

From the table, we can see that the high GDP/capita countries, the United
States, Chile, and Turkey and one low GDP/ capita country, Egypt all reach
average BMI of 25 (overweight) within ten years of the transition. There is a a
range of 3.8 years for Egypt to 8 years for the United states to reach an overweight level. This is especially significant when compared to a low GDP/capita
country such as Mexico, which reaches this same threshold towards about 15.5
years into the transition. It is important to note that Egypt is a relatively
low GDP/capita country but it reaches the overweight threshold the earliest.
However, towards the long-run, this economy does not reach an obese threshold.
It appears that after a country reaches the overweight level, the time to reach
the obese threshold is much shorter. It takes the United States only 11.6 years
to reach its obese threshold which is only 3.6 years after it reach the overweight
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threshold. Chile reaches its obese threshold 12.1 years into the transition which
is 5.4 years after it reaches its overweight level 6.7 years into the transition.
Finally, Turkey reaches its obese threshold 10 years into the transition, but
this is 5.3 years after it reached its overweight threshold 4.7 years into the
transition, the second fastest economy to do so in my model. This means that
when countries are on a path to reach a high standard of living, they are more
prone to reaching obesity levels.
There are however discrepancies in how fast they reach overweightness, which
also means that some countries’ economies development is more or less conducive
to rapidly reaching an overweight threshold. Though Egypt does not reach
an obesity threshold in my model, it is clear that development can cause a
rapid growth in the average BMI for the country, but this has a diminishing
effect because weight levels increase at a decreasing rate after the overweight
threshold is reached. Turkey reaches both an overweight and obese threshold
quicker than most other countries, which implies development in this nation
has a strong effect on body weight gain. Finally, the United States does take
the longest of the three high GDP/capita countries to reach the overweight
threshold, but it also is the fastest to reach the obese threshold, when starting
from the overweight threshold, and surpasses it by the largest metric compared
to all other nations. So both GDP/capita level and growth matter for the
occurrence of overweightness and obesity.
4.2.2

GDP and Body Weight Gain Growth Rates

I calculate the elasticity of weight gain to GDP growth for each country
along their time paths to test whether higher income growth leads to higher
body weight gain. An elasticity measures how responsive an outcome is to a
change in one of the variables. The elasticity calculated below shows the effects
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an increase in GDP growth rates will have on the percentage change in weight in
each country. I separate the tables into the same two groups, high GDP/capita
countries and low GDP/capita countries; as in Table 15. My results for the
elasticity in those countries are summarized in the following tables.
Table 18 Elasticity of Weight Gain to GDP Growth (High GDP/capita)

Year 5
Year 10
Year 15
Year 20

United States
0.252
0.146
0.092
0.059

Turkey
0.316
0.125
0.050
0.019

Chile
0.406
0.111
0.034
0.011

Table 19 Elasticity of Weight Gain to GDP Growth (Low GDP/capita)

Year 5
Year 10
Year 15
Year 20

Thailand
0.059
0.0004
0.0002
–

Egypt
0.137
0.012
0.0008
–

Mexico
0.047
0.004
0.0006
–

From the tables, we can see there is a positive effect of GDP growth on body
weight gain in each country.

13

It is also important to note that for each country,

this effect is decreasing as the countries develop into more advanced economies.
For example, the effect of GDP growth on body weight gain falls from .0252
to 0.092 only ten years later in the United States. We can see this pattern in
both the more developed and less developed countries. In Egypt, we see the
largest elasticity level of 0.137 in year 10 which drops to 0.0008 in the long-run
13

All economies in this model start from in the same year 0 ; however, this starting point

does not correspond to a real-world timeframe, therefore I can only comment on the relative
sizes of these elasticities in each country in the same years. For example, the United States
clearly represents a higher elasticity (so a higher effect of income growth on weight gain)
than Thailand in Year 5, but I cannot comment on the actual stage of development of either
country in year 5. This is to say that year 5 does not correlate to a real-world date of 1970.
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of the model. The importance of these elasticities is to show the diminishing
effect of income growth on body weight gain. This is consistent with the theory
outlined by Mathieu-Bolh & Wendner (2018), which states that the dominant
pattern behind obesity is income growth in developing countries and preference
for quality over quantity in industrial countries. This is also consistent with the
empirical studies by Sobal and Stunkard (1989) and Mclaren and Kuh (2004).
Both compare obesity and socio-economic status across countries and conclude
that there is a strong positive association in developing countries between socioeconomic status and obesity. They also note a shift in the burden of obesity to
the lower socio-economic class as a country’s national income increased. The
elasticities estimate this pattern of diminishing rate of income growth on body
weight gain as the average population gets richer.
Another important observation confirms that the level of GDP/capita plays
an important role in the obesity crisis since high GDP/capita countries have
higher elasticities than low GDP/capita countries. It is observable that in the
same year of development, the United States’ average body weight gain is highly
influenced by the GDP growth in comparison to any low GDP/capita country.
In year 5 the United States has an elasticity that is nearly double that of Mexico,
yet they are both started at the same stage of development in year 0 according
to the boundaries of the model. This implies that the level of GDP/capita has
a stronger influence on the growth of average body weight in when a nation is
on a path to a higher standard of living.

5

Sensitivity Analysis
A sensitivity analysis determines how different values of a parameter or ex-

ogenous variable affects a particular variable. In this section, I adjust the BMR,
the tax output ratio, T /Y , and the rate of time preference, ρ to see how they
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affect the steady-state levels of body weight and/or income for each country,
ceteris paribus. Thus, I adjust parameters and exogenous variables that will
most likely be affected by the current pandemic caused by the Coronavirus. I
present the results of my simulations for my six countries in the following tables.

5.1

Change in BMR

Table 21 Steady State Body Weight with a Change in BMR
United States
Turkey
Chile
Baseline New BMR Baseline New BMR Baseline New BMR
Body Weight (kg)
111
146
86
113
85
112
Thailand
Egypt
Mexico
Baseline New BMR Baseline New BMR Baseline New BMR
Body Weight (kg)
60
78
74
96
61
80
I only present a change in the individual steady-state body weight in this
table because there is not a change in the steady-state level of income due to
a change in BMR. I decrease the BMR by 400 kcal. This decrease is realistic
based on the study by Dolezal and Potteiger (1985), which does an opposite
experiment. They report an average 400 kcal increase in BMR of 30 physically
active healthy men under a 10 week program of increased exercise and no change
in diet. A decrease in the BMR is meant to reflect the smaller need for calories
for survival due to less physical activity. It is the author’s interpretation that
people who are placed under quarantine, and who are under duress due to
uncertain circumstances, and without access to adequate health facilities will
most likely resort to a lifestyle that is sedentary. Though the increase in weight
varies from 18 kilograms for Thailand up to 35 kilograms for the United States,
there is a clear increase in each country when BMR is decreased.
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5.2

Change in Fiscal Policy

Table 22 Steady State Body Weight with a Change in T/Y
United States
Turkey
Chile
Baseline 50% T/Y 10% T/Y Baseline 10% T/Y Baseline 10% T/Y
Body Weight (kg)
111
87
106
86
82
85
81
Thailand
Egypt
Mexico
Baseline 10% T/Y Baseline 10% T/Y Baseline 10% T/Y
Body Weight (kg)
60
56
74
72
61
60
For the United-States, the increase in government spending due to the initial
relief package known as the CARES Act amounts to around $2 trillion. According to the U.S department of the Treasury, the U.S government spent $4.45
trillion in 2019, with this in mind, the CARES Act would result in a nearly 50%
increase in government spending. I also calculated a more modest increase of
10% in government spending for each country. Because my model does not allow for a deficit, all government spending increases must be represented through
an increase in taxes, my model only predicts a change in consumption behavior and not a change in overall GDP. The money is taken from consumers and
spent by the government so the GDP equation is unchanged. The government
intervention yields less consumption, and therefore less food consumption per
consumer. An increase in government spending via taxes has a negative effect
on lifetime income, which, in turn, has a negative effect on current and future
spending. We logically then see a decrease in body weight for consumers.
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5.3

Change in the Rate of Time Preference

Table 23 Steady State Body Weight with a Change in ρ
United States
Turkey
Baseline -10% +10% Baseline -10%
Body Weight (kg)
111
115
107
86
90
GDP
2.03
2.10
1.96
1.67
1.74
Thailand
Egypt
Baseline -10% +10% Baseline -10%
Body Weight (kg)
60
60
59
74
77
GDP
1.14
1.15
1.12
1.34
1.40

+10%
83
1.60
+10%
71
1.30

The rate of time preference is estimated using interest rates. In the case of
a pandemic, consumers are likely to have two different, and opposite, responses.
There is the possibility that consumers consume less today due to an anticipated risk of loss of future income. Those who can afford it, constitute more
precautionary savings for the future. To represent this type of consumer, I increase ρ by 10% to reflect a increase in impatience. There is also the possibility
that consumers will consume more today out of fear of death or fear that the
supply of food and other essential items will soon run out (i.e toilet paper). To
represent this type of consumer, I decrease ρ by 10% to reflect an decrease in
impatience. In most countries, in particular high GDP/capita countries, such
as the United States, Turkey, and Chile, even a small change in the rate of time
preference causes a significant change in body weight.
In the sensitivity analysis, I simulate large permanent changes in BMR, the
tax to output ratio, annd the rate of time preference. In reality, while the
pandemic is a large economic shock, the permannent chagnes that it involves
are likelty to be lower than what is simulated, suggesting that my resultrs are
pretty robust.
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Chile
-10%
88
1.74
Mexico
Baseline -10%
61
62
1.40
1.45
Baseline
85
1.70

+10%
83
1.66
+10%
60
1.38

6

Conclusion
The empirical evidence shows a positive relationship between income and

obesity using singular increases in income such as government transfers, but it
lacks evidence of a dynamic relationship between income growth and the rise in
obesity. The goal of this thesis is to quantify the positive relationship of income
growth and obesity prevalence. To this end, I extend the Ramsey (1928), Cass
(1965), and Koopmans (1965) (RCK) model to account for body weight by
including the Schofield (1985) equation. This thesis develops and simulates a
dynamic model of the relationship between income growth and increased obesity
prevalence in six different countries across the world. Those countries are the
United States, Thailand, Chile, Turkey, Egypt, and Mexico. There are three
main results of my work.
First, all countries except Thailand reach steady state levels of body weight
that are classified as overweight or obese. I find that countries with a higher
relative GDP/capita such as the United States, Turkey, and Chile all reach
higher relative average BMIs than the low per capita GDP countries, which
are Thailand, Mexico, and Egypt. In the long run, the model predicts an
average BMI above the obesity threshold of 30 for the United states, Turkey,
and Chile. The United States, which is clearly the richest of these countries
even has a predicted average obesity of 38 which is considered Class 2, morbidly
obese. Furthermore, Mexico, which is the highest GDP of the low GDP/capita
countries, has a predicted average BMI of 25, which is considered overweight in
the long run. The only country that has a predicted average BMI that is within
a normal range (<24.99) is Thailand with a predicted BMI of 22.
Second over time in all studied nations, we see an increasing obesity prevalence as the economy transitions from less developed to more developed. Though
the model predicts growth in body weight over time as income increases, some
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countries reach overweight or obesity at a faster rate than others. There is a
range of 3.8 years for Egypt to 8 years for the United states to reach an overweight level. This is especially significant when compared to a low GDP/capita
country such as Mexico, which reaches this same threshold towards about 15.5
years into the transition. It appears that after a country reaches the overweight
level, the time to reach the obese threshold is much shorter. It takes the United
States only 11.6 years to reach its obese threshold which is only 3.6 years after it
reaches the overweight threshold. In general, this means that when countries are
on a path to reach a high standard of living, they are more prone to reaching
obesity levels. There are however discrepancies in how fast they reach overweightness, which also means some countries’ economies development is more
or less conducive to rapidly reaching an overweight threshold.
Third, the effect of income growth on body weight is larger in rich than
in poor countries. It is important to understand that all countries start at
the same level of development and those countries that are primed to reach a
higher level of GDP, and thus, average body weight, are those that have higher
GDP/capita and growth structures. The United states has an elasticity of 0.252
in year 5 whereas in the same year Thailand has an elasticity of 0.059. This
discrepancy means that the US’s average body weight is influenced more by
its GDP/capita structure than in Thailand even though they are in the same
year of development. The reason they reach different levels of development and
average body weight is because of their GDP/capita and growth rates. These
elasticities shows the higher the GDP/capita the more of an effect it has on
the average body weight in each economy. This observation confirms that the
level of GDP/capita influences the obesity prevalence of a country, because all
high GDP/capita countries have a higher elasticity than the low GDP/capita
countries.
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However, we also see a diminishing effect on body weight as income increases
in a more developed nation. The model predicts a diminishing effect of income
growth on body weight gain. This is observable in both a developed nation, such
as the United States, and a developing country, such as Egypt. The effect of
GDP growth on body weight gain falls from .0252 to 0.092 within only ten years
in the United States. This pattern is the same in Egypt because the effect of
GDP growth on body weight gain falls from 0.137 to 0.0008 within the same ten
years. The importance of these elasticities is to show the diminishing effect of
income growth on body weight gain, which matches the empirical observations
by Sobal and Stunkard (1989) and Mclaren and Kuh (2004).
To test the robustness of my results, I conduct a sensitivity analysis that
focuses on parameter and policy changes linked to the coronavirus pandemic.
First, I decrease the BMR used in the model by 400 kcal for an individual to
reflect a more sedentary lifestyle due to quarantine orders. Though the steady
state increase in weight compared to the baseline varies from 18 kilograms for
Thailand up to 35 kilograms for the United States, there is a clear increase in
each country when BMR is decreased. Next, I change parameters that have an
effect on income as well as body weight. My model predicts that a negative
effect on income, such as an increase in a tax, causes a decrease in average
body weight, but by a smaller magnitude than the tax increase itself. Yet,
high GDP/capita nations predicted an average 4.5% decrease in body weight
with a 10% decrease lifetime income. The nation with the smallest decrease
in body weight is Egypt with a 2.7% decrease in average body weight and
the nation with the highest decrease in body weight is Thailand with a 6.6%
decrease in average body weight. If consumers are less impatient and constitute
precautionary saving, this also causes an increase in body weight but, again by
a small magnitude. With a 10% change in income, the model predicts a range of
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values for body weight change between 1.6 and 6.6% for all nations. Generally,
for high GDP/capita nations, such as the United States, Turkey, and Chile, a
small change in the rate of time preference causes a significant change in body
weight. Throughout my sensitivity analysis, I simulate large permanent changes
in all of the parameters. In reality, the effects of the pandemic, though large, are
not likely to last forever, and thus are likely to ne lower than what is simulated.
This suggests my results are pretty robust.
As with all research, there are some limitations to acknowledge. My model
is based on overall consumption choices for households, rather than just food
choices. The share of food consumption out of total consumption is fixed in
this model, but in reality, this share changes as an economy develops. This
means the model overvalues average body weight and average BMI. It is also
important to note that there is not a homogenous income in each nation as the
model presents. I do not account for socioeconomic differences in the population
when predicting average body weight and BMI for each nation. The empirical
evidence indicates that obesity prevalence is higher among poor cohorts in richer
nations and among rich cohorts in poor countries. There is not a variable in the
model that captures the wealth status of different socioeconomic classes in each
nation, therefore it is possible that the average BMI and average body weight
are over- or undervalued depending on the makeup of the population.
There are still significant points of research in the complex relationship of
obesity prevalence and income growth across the globe. A few areas that are
lacking in the literature include estimating the welfare effects of obesity. What
does it mean to the healthcare system that people are getting heavier and heavier
as the nation develops? Are people better off being heavier and wealthier? It
would also be interesting to explore a cross-sectional portion of a population
as well to attempt to estimate the income threshold that is the turning point
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for individuals to consume less food and focus more on health. Finally, it is
important to explore potential policy interventions that could slow or prevent
the rise in obesity prevalence even as economies develop. Despite some caveats,
my thesis clarifies the quantitative effect of income growth on the rise in obesity,
which is an important element to consider when designing those policies.
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7

Appendix

7.1

Regression Results Tables

Table 1 United States Regression Results for BMI

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.99455511
R Square 0.98913987
Adjusted R Square
0.98859686
Standard Error0.00014195
Observations
22
ANOVA
df
Regression
Residual
Total

SS
MS
F Significance F
1 3.6705E-05 3.6705E-05 1821.59872 4.0411E-21
20 4.02997E-07 2.015E-08
21 3.7108E-05

Coefficients Standard Error t Stat
P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.10989098 0.009471394 222.764569 1.9847E-35 2.090134 2.12964796 2.090134 2.12964796
Year
-0.0002036 4.77026E-06 -42.680191 4.0411E-21 -0.0002135 -0.0001936 -0.0002135 -0.0001936
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Table 2 Chile Regression Results for BMI

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.99902823
R Square 0.9980574
Adjusted R Square
0.99796027
Standard Error0.00020437
Observations
22
ANOVA
df
Regression
Residual
Total

Intercept
Year

SS
MS
F Significance F
1 0.0004292 0.0004292 10275.4556 1.3497E-28
20 8.3538E-07 4.1769E-08
21 0.00043003

CoefficientsStandard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
0.26646077 0.01363655 19.5401823 1.6829E-14 0.23801541 0.29490612 0.23801541 0.29490612
0.0006962 6.868E-06 101.367922 1.3497E-28 0.00068187 0.00071052 0.00068187 0.00071052
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Table 3 Thailand Regression Results for BMI

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.9992192
R Square 0.99843902
Adjusted R Square
0.99836097
Standard Error0.00036769
Observations
22
ANOVA
df
Regression
Residual
Total

SS
MS
F Significance F
1 0.00172945 0.00172945 12792.4329 1.51458E-29
20 2.7039E-06 1.3519E-07
21 0.00173215

CoefficientsStandard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -1.1547426 0.02453323 -47.068503 5.8135E-22 -1.205918035 -1.1035672 -1.205918 -1.1035672
Year
0.00139752 1.2356E-05 113.103638 1.5146E-29 0.00137175 0.0014233 0.00137175 0.0014233
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Table 4 Egypt Regression Results for BMI

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.99451946
R Square 0.98906897
Adjusted R Square
0.98852241
Standard Error0.00088812
Observations
22
ANOVA
df
Regression
Residual
Total

SS
MS
F Significance F
1 0.001427381 0.00142738 1809.65305 4.313E-21
20 1.57752E-05 7.8876E-07
21 0.001443157

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0%Upper 95.0%
Intercept 4.15547014 0.059258437 70.1245319 2.0993E-25 4.031859203 4.27908107 4.0318592 4.27908107
Year
-0.0012696 2.98454E-05 -42.540017 4.313E-21 -0.001331882 -0.0012074 -0.0013319 -0.0012074
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Table 5 Turkey Regression Results for BMI

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.99331066
R Square 0.98666607
Adjusted R Square
0.98599937
Standard Error0.00049894
Observations
22
ANOVA
df
Regression
Residual
Total

SS
MS
F Significance F
1 0.00036842 0.000368416 1479.93284 3.14941E-20
20 4.9788E-06 2.48941E-07
21 0.00037339

CoefficientsStandard Error t Stat
P-value Lower 95% Upper 95% Lower 95.0%Upper 95.0%
Intercept 0.38680901 0.03329095 11.619045 2.399E-10 0.31736531 0.45625271 0.31736531 0.45625271
Year
0.00064502 1.6767E-05 38.46989519 3.1494E-20 0.000610048 0.00068 0.00061005 0.00068
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Table 6 Mexico Regression Results for BMI

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.99724226
R Square 0.99449212
Adjusted R Square
0.99421672
Standard Error0.00052186
Observations
22
ANOVA
df
Regression
Residual
Total

SS
MS
F Significance F
1 0.000983437 0.00098344 3611.15955 4.53874E-24
20 5.44665E-06 2.7233E-07
21 0.000988884

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0%Upper 95.0%
Intercept -0.5355495 0.034819918 -15.380549 1.5148E-12 -0.608182538 -0.4629164 -0.6081825 -0.4629164
Year
0.00105385 1.7537E-05 60.0929243 4.5387E-24 0.001017269 0.00109043 0.00101727 0.00109043
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7.2

Mathematica Code for the Steady State
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7.3

Mathematica Code for the Dynamics
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