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Background The increasing global prevalence of overweight and obesity has
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serious implications for the environment, as well as for health.
We estimate the impact on greenhouse gas emissions of increases
in the population distribution of body mass index (BMI).

We estimated the food energy required to maintain basal metabolic
rate in two hypothetical adult populations using the Schofield equa-
tions for males and females. Additional greenhouse gas emissions
due to higher fuel energy use for transporting a heavier population
were estimated.

Compared with a normal population distribution of BMI, a popula-
tion with 40% obese requires 19% more food energy for its total
energy expenditure. Greenhouse gas emissions from food produc-
tion and car travel due to increases in adiposity in a population of
1 billion are estimated to be between 0.4 Giga tonnes (GT) and 1.0
GT of carbon dioxide equivalents per year.

The maintenance of a healthy BMI has important environmental
benefits in terms of lower greenhouse gas emissions.
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Introduction

World-wide, over 1 billion adults are overweight and
around 300 million are obese.! The increasing global
prevalence of overweight and obesity has serious
implications for health, increasing the risk of type 2
diabetes, cardiovascular disease, stroke and some can-
cers.! Obesity is assessed using body mass index
(BMI) >30kg/m? and represents the upper tail of
the population distribution of BMI. However, there
is some evidence that the entire population distribu-
tion of BMI may be shifting upwards, increasing the
risks of disease for the whole population and not only
for the most overweight in the upper tail.”
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The upward shift in the population distribution of
BMI could also have important environmental conse-
quences. Food production accounts for an estimated
20% of global greenhouse gas (GHG) emissions and
food consumption is intimately linked to BMI.>*
Transport accounts for ~14% of emissions and popu-
lation increases in BMI could impact importantly on
transportation fuel energy use.

In this article, we estimate the impact on GHG emis-
sions of increases in the population distribution of
BMI. We compare a ‘normal’ adult (30-59 years)
population of 1 billion people with mean BMI of
24.5kg/m> and 3.5% obese, with a corresponding
‘overweight’ population with mean BMI of 29.0 kg/m?
and 40% obese. Our normal population BMI distri-
bution reflects the UK situation in the 1970s and
our overweight population BMI distribution reflects
that predicted for the UK in 2010. We assume
that half the population is male and that individuals
have the same average height of 1.75m for males
and 1.60m for females. These broad assumptions,
which affect predicted energy expenditure, would
be reasonable for populations in high-income
countries.
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Food energy consumption
and rising BMI

Energy expenditure studies in free living adults, using
the doubly labelled water technique, show that total
energy expenditure increases with increasing BMI.®
Basal metabolic rate (BMR) increases mainly due to
the increase in metabolically active lean tissue that
accompanies fat gain. Activity energy expenditure
also increases due to the greater energy cost of
moving a heavier body.® Since it can be assumed
that energy expenditure is approximately balanced
by energy intake, it follows that total food energy
consumption increases as BMI increases. We esti-
mated the food energy required to maintain BMR in
our hypothetical adult populations using the Schofield
equations for males and females.” The equations used
were 11.5w+873kcal per day for males and
83w+ 846kcal per day for females (w=weight in
kilogrammes).

To estimate activity energy expenditure, we assumed
that the normal and overweight populations have the
same pattern of daily activities comprising 7h sleep-
ing, 7h of office work, 4 h of light home activities, 4h
sitting, 1 h standing, 30 min of driving and 30 min of
walking at 5 km/h. Estimates of the ratio of the meta-
bolic rate for each of these activities to a resting meta-
bolic rate of 1kcal/kg/h (1 MET) were applied to the
individuals in each population, to estimate their daily
activity energy expenditures.® The energy costs used
were: sleeping (1 MET), office work (2 METs), light
home activities (1.5 METs), sitting (1.2 METs), stand-
ing (1.2METs), driving (2METs) and walking
(3.5 METs).

On the basis of these assumptions, and using a
conversion of 1kcal=4.184kJ, we estimate that the
normal population requires an average of 6.49 mega-
joules (MJ) per person per day to maintain BMR, and
a further 3.81 MJ per person per day for activities of
daily living, and that the overweight population
requires an average of 7.05MJ per person per
day to maintain BMR, and 5.25MJ per person per
day for activities of daily living. Compared with the

normal population, the overweight population
requires 19% more food energy for its total energy
expenditure.

In 2000, the total global emission of GHGs was ~42
Giga tonnes (GT) of carbon dioxide equivalents, for a
world population of ~6 billion.” One billion people
might therefore be considered responsible for ~7 GT
of carbon dioxide equivalents per year. Since food
production by the agricultural sector accounts for
~20% of total GHG emissions, food production
might account for ~1.4GT (20%) of the 7GT per
year for the normal population. A 19% increase in
food consumption by an overweight population
would therefore result in an increase in GHG emis-
sions to 1.67GT per year—an absolute increase of
0.27 GT per year.

Transport energy consumption
and rising BMI

Compared with the normal population, we would
expect the overweight population to have higher
transportation fuel energy use because of the addi-
tional fuel energy needed to transport heavier
people. The proportionate increase in fuel energy use
(and thus GHG emissions) due to a person’s weight
per kilometre is estimated as car weight plus half the
mass of the person, divided by car weight (Leonard
Evans, personal communication). To estimate the
GHG emissions due to car travel by each population,
we assumed that all individuals with BMI < 30 kg/m?
use an average small car (e.g. Ford Fiesta) and that
individuals with BMI >30kg/m? use a car with more
internal space (e.g. Ford Galaxy). The Ford Fiesta
weighs 1530kg and produces 147gCO, per km,
whereas the Ford Galaxy weighs 2415kg and pro-
duces 197 gCO, per km. We assumed that the daily
30min of driving is at an average speed of 45km/h.
Since transport accounts for ~14% of global GHG
emissions, our hypothetical population of 1 billion
would be responsible for 0.98 GT of the 7 GT carbon
dioxide equivalents per year. Our model estimates
that the normal population would produce 1.25GT
per year, and that the additional fuel energy used
by the overweight population would increase GHG
emissions by 0.15 GT per year.

Newton'’s first law of motion expresses the idea that
any mass will remain at rest unless acted upon by a
force. The reluctance of mass to start moving is
known as inertia. Energy is required in order to over-
come inertia and the greater the mass the more
energy is required. Because these basic physical laws
also apply to human bodies, total body weight is a key
determinant of the energy cost of walking. The
increase in energy expenditure with increasing body
weight should prevent further weight gain in a nega-
tive feedback loop but with rising BMI people are
likely to move less, particularly those who are sub-
stantially overweight.'® Even when walking at their
preferred walking speeds, heavier people are making
a greater relative aerobic effort. Walking is an effort
for heavier people and therefore some reluctance to
walk would not be surprising.'® As a mode of trans-
port, walking provides access to goods and services
and since people are likely to have the same
demand for access irrespective of body weight, one
might reasonably expect that heavier people would
replace walking trips with motorized transport.

To estimate the modal shift from walking to car
travel for the overweight population, we have
assumed a daily distance walked of 2.5km and a
daily walking energy budget of 123 kcal (515kJ) per
day."' This distance is that covered by the daily walk-
ing of 30 min at 5km/h, and the energy is the average
amount required for a person with a BMI of 24.9 kg/m*
to walk this distance. Each individual with a



BMI > 24.9 kg/m? requires more energy to walk 2.5 km
than is available in the walking energy budget, and so
switches part of this journey to motorized travel.
Since energy use increases with increasing body
mass, a larger proportion of the 2.5km is travelled
by motorized transport as BMI increases. For the
normal population, the modal shift to car travel for
the upper tail of the BMI distribution accounts for
0.005 GT of GHG emissions per year. In the overweight
population, a larger proportion of the population shifts
walking to car travel, accounting for 0.024 GT of GHG
emissions per year. The total additional fuel energy
used by the overweight population would therefore
increase GHG emissions by 0.17 GT per year.

Aviation is a key component of transportation emis-
sions. If we assume that 5% of the population take
one short-haul flight totalling 3000 km each year, this
is equivalent to 150 billion passenger kilometres per
year. Jet fuel required to transport 6630kg for 1mile
by air is ~1 gallon.'? The difference in the average
weight of the overweight and normal populations is
13.4kg, and so the additional jet fuel required to
transport the additional weight would therefore be
~187 million gallons per year, resulting in a further
2 MT of CO, emissions.

The BMI distributions for normal and overweight
populations are shown in Figure 1. The daily energy
requirements and corresponding GHG emissions from
food production are summarized in Table 1.

Our estimates of GHG emissions due to population
adiposity assume equal per capita emissions. It is
likely, however, that a disproportionate amount of
emissions are produced by populations in high-
income countries, where obesity is also most preva-
lent. The population we describe might therefore be
considered to be responsible for a third, or possibly
half of total global GHG emissions. If we assume that
our normal population contributes a third of total
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annual emissions, the 19% increase in food consump-
tion by the overweight would lead to an increase of
0.54 GT carbon dioxide equivalents per year. If half of
global emissions were produced by our overweight
population, the emissions due to increased adiposity
would be 0.81 GT per year. When we include the addi-
tional GHG emissions due to car travel it is likely that
increased adiposity is responsible for between 0.44 GT
and 0.98 GT carbon dioxide equivalents per year.

Discussion

We argue that increased population adiposity, because
of its contribution to climate change from additional
food and transport GHG emissions, should be recog-
nized as an environmental problem.

15%

Shift in population
distribution of BMI:
prevalence of obesity
(BMI230kg/m?) rises
to 40% from 3.5%.

B%

5%

3%

BMI (kg/m?)

Figure 1 BMI distributions in a normal and an overweight
population

Table 1 GHG emissions of a normal and an overweight population

Adults (age 30-59 years) Normal Overweight A 0
BMI (Mean) 24.5 29.0

BMI (SD) 3.00 3.85

Underweight (BMI < 18.5) (%) 2.2 0.0

Obese (BMI > 30) (%) 3.5 40.3

Morbidly obese (BMI > 40) (%) 0.0 0.7

Energy for BMR (MJ/day) 6.490 7.051 0.561 1.086
Total energy expenditure (MJ/day) 10.302 12.300 1.997 1.194
GHG due to food production (GT/y) 1.400 1.671 0.271

GHG due to oxidizing food (MT/y) 0.506 0.583 0.077

GHG due to car travel (GT/y) 1.248 1.403 0.154 1.124
GHG due to modal shift to car travel (GT/y) 0.005 0.024 0.019 4.622
Total GHG due to car travel (GT/y) 1.254 1.427 0.173 1.138
GHG due to air travel (MT/y) 10.51 12.55 2.038 1.194

A, Absolute increase due to adiposity; 6, Relative increase due to adiposity.
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We used a normal (Gaussian) distribution to model
the population BMI distribution and a log-normal dis-
tribution to model the skewed distribution reflecting a
higher prevalence of obesity and morbid obesity in the
‘overweight’ population.'®> These are theoretical statis-
tical probability distributions, which may not be
expected to describe perfectly the shapes of the popu-
lation distributions of BMI observed in high-income
countries. However, bearing in mind that our normal
population approximates the UK situation in the
1970s, and our overweight population the situation
predicted for the UK in 2010, we consider these sta-
tistical distributions sufficient for our purposes of pro-
viding estimates of the likely impact on GHG
emissions of increasing population adiposity.

In our model, we have assumed that the distribu-
tions of activities of daily living are identical in the
normal and overweight populations. If the average
daily amount of physical activity in the overweight
population was lower than that in the normal popu-
lation (e.g. more time spent watching television
instead of light home activities), then we would
have over-estimated average energy expenditure in
the overweight population. When we assume plausi-
ble lower levels of daily activities in the overweight

population (30min light home activities instead
of 4h, 8h of sitting instead of 4h and 30min of
standing instead of 1h), the average activity energy
expenditure falls from 5.25 to 4.89 MJ per person per
day. However, compared with the normal population,
the overweight population would still require 16%
more food energy for its total energy expenditure.

Because some studies show that up to one-third of
the food that is purchased is wasted, higher food con-
sumption is likely to result in more food waste. The
majority of waste food is either landfilled, where
organic waste releases the powerful greenhouse gas
methane when it decomposes, or it is incinerated pro-
ducing CO,. Although wasted food increases the GHG
impact of the overweight population, we have not
included these emissions in our estimates.

We have estimated the additional GHG emissions
due to increases in population adiposity. In doing
so, we have made a number of assumptions all of
which can be questioned. Nevertheless, the assertion
that increasing population adiposity will result in an
increase in GHG emissions is justifiable and provides
further evidence of the link between human health
and climate change mitigation.
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KEY MESSAGES

and more overweight and obesity.

emissions.

e In many countries, the population distribution of BMI is shifting upwards with higher average BMIs

e Compared with a ‘normal” population distribution of BMI with ~3% obese, a population with 40%
obese requires 19% more food energy for its total energy expenditure.

e GHG emissions from food production and car travel due to increases in adiposity in a population of 1
billion are estimated to be between 0.4 and 1.0 GT of carbon dioxide equivalents per year.

e The maintenance of a healthy BMI has important environmental benefits in terms of lower GHG
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