Environmental Yhiews

Do food miles matter?

On a typical spring day, lunch
for Seattle-based writer Sage Van
Wing includes pasta with pork sau-
sage from a small local farm. The

" peppers, cheese, and shallots on
top come from the nearby farmers
market. Van Wing is a locavore—
she tries to eat only locally grown
foods whenever possible.

) Van Wing, who coined the term

" locavore with a friend 3 years

ago, says curbing global warming .

is one of many social and envi-
ronmental reasons for eating lo-
cally. And for many people, “food .
miles”, the distance food travels
from farm to plate, are a simple
way to gauge food’s impact on cli-
mate change.

But it's how food is produced,
.- not how far it is transported, that
matters most for global warming,
according to new research pub-
lished in ES&T (3508-3513). In fact,
eating less red meat and dairy can
be a more effective way to lower an
average 11.S. household’s food-re-

Jated climate footprint than buying

local food, says lead author Chris-

~ topher Weber of Carnegie Mellon
University.

Weber and colleague Scott Mat-
thews, also of Carnegie Mellon,

" conducted a life-cycle assessment
of greenhouse gases emitted dur-
ing all stages of growing and trans-

. porting food consumed in the 1.S.

- They found that transportation

creates only 11% of the 8.1 met-

ric tons (t) of greenhouse gases (in

CO, equivalents) that an average

U.5. household generates annually

- as a result of food consumption.

The agricultural and industrial

practices that go into growing and

harvesting food are respansible for
most (83%) of its greenhouse gas
emissions.

For perspective, food accounts
for one third of global emissions
and 13% of every U.S. household’s
60 t share of total U.S. emissions;
this includes industrial and other

emissions outside the home. By
comparison, driving a car that gets
25 miles per gallon of gasoline for
12,000 miles per year (the U.S. av-
erage) produces about 4.4 t of CO,.
Switching to a totally local diet is
.equivalent to driving about 1000
miles less per year, Weber says.

Red meat and dairy are responsibie for
nearly half of all greenhouse gas emis-
sions from food for an average U.S.
household. (Percentages total 101%
because of rounding of numbers.)

A relatively small dietary shift
can accomplish about the same
greenhouse gas reduction as eating
locally, Weber adds. Replacing red
meat and dairy with chicken, fish,
or eggs for one day per week re-
duces emissions equal to 760 miles
per year of driving. And switch-
ing to vegetables one day per week
cuts the equivalent of driving 1160
miles per year. '

Several other recent studies
have analyzed particular foods
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and poked holes in the food mile
concept.

For example, it can be more en-
ergy efficient for a British house-
hold to buy tomatoes or lettuce
from Spain than from heated

" greenhouses in the U.K.

The new work expands on those
studies by providing a comprehen-
sive look at the 1.8, food supply.
Weber used an input-output life-
cycle assessment, which counts not
only the CO, produced when food
is shipped but aiso all greenhouse
gases, including methane (CH,)
and nitrous oxide (N,Q), emitted
from farm production.

This means counting all the
way back to the fossil fuels used
to manufacture fertilizer and .
traciors.

“There is more [total] green-
house gas-impact from methane
and nitrous oxide than from all
the CQ, in the supply chain,” We-
ber says. In large part, he adds,

“this is because N,0 and CH, emis-

sion in the production of red meat
“blows away CO,", Cows burp CH,,
and growing their feed uses large
amounts of fertilizers that are con-
verted to N,O by soil bacteria.
Edgar Hertwich, an expert on
life-cycle analysis who is at the

‘Norwegian University of Science

and Technology, calls the results
“quite convincing” but notes that
consumers should still keep an eye
on food flown on airplanes, which
have very high greenhouse gas
emissions. _

“Food miles are a very good
idea, butnot for the faint of heart,”
adds Gidon Eshel, a Bard Center
Fellow at Bard College. “Counting
transport alone won't do the trick;
you need a full life-cycle analysis.”

Van Wing read Weber’s paper
and found it a “holistic and help-
ful” look at food miles. But the re-
search doesn't change her outlook

“on food, she says. She will continue

to buy from local growers, whose
production practices she can see
firsthand. :
—ERIKA ENGELHAUPT

©® 2008 American Chemical Society
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s —
Despite significant recent public concern and media attention
to the environmental impacts of food, few studies in the
United States have systematically compared the life-cycle
greenhouse gas(GHG) emissions associated with food production
_against long-distance distribution, aka “food-miles.” We find
that although food is transported long distances in general {1640
_km delivery and 6760 km life-cycle supply chain on average)
the GHG emissions associated with food are dominated by the
production phase, contributing 83% of the average U.S.
household's 8.1 t COsefyr footprint for food consumption.
Transportation as a whole represents anly 11% of life-cycle
GHG emissions, and final delivery from producer to Tretail
contributes only 4%. Different fobd groups exhibit a large range
in GHG-intensity; on average, red meatis around 150% more GHG-
intensive than chicken or fish. Thus, we suggest that dietary
shift can be a more effective means of lowering an average
household’s food-related climate footprint than “buying local.™
Shifting less than one day per week's worth of calories
from red meat and dairy products to chicken, fish, eggs, or a

vegetable-based diet achieves more GHG reduction than buying

all loeally sourced food. : . :

Intmdtiction

With growing public concern over climate change, informa-
tion and opportunities for consumers to Jower their “cacbon
footprint,” a measure of the total consumer responsibility
for greenhouse gas emissions, have become inereasingly
available. The growing field of sustainable consumption (1—3}

has offered information to consumers on the climate and |

environmental impacts of their consumptive choices. In
.general, much of this research has concluded that food, home
energy, and transportation together form a large share of
most consumers’ personal impacts (2).

Of these three, food represents a unique opportunity for
consumers to lower their personal impacts due to its high
impact, high degree of personal choice, and a lack of long-
term “lock-in” effects which limit consumers’ day-to-day
choices (1).

Within the field of consumer food choice, several recent
trends associated with environmental sustainability have
occurred. The continually increasing pepetration of both
organic and locally grown food in the U.S. and EU shows
that consumers are taking more notice in both how their

-food is produced and where it comes from. The issue of

* Corresﬁondin’g author e-mail: clweber@andrew.crou.edu.
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“food-miles”, roughly a measure of how far food travels
between its production and the final consumer, has been a
consistent fixture in the debate on food sustainability since
an initial report from the UK coined the term in 1995 (4—8).
The focus on increased food-miles due to increased inter-
national trade in food has led many environmentat advocates,

retailers, and others to urge a “localization” of the global

food supply network (9), though many have questioned the
legitimacy of this because of different production practices

 in different regions or the increased storage needed to “buy

locally” through all seasons (6—8). Other advocates, pointing
to research on the environmental effects of livestock pro-
duction (10), have urged consumers to shift dietary habits
toward vegetable-based diets (11).

Food has long held a prominent place in the life-cycle
assessment (LCA) literature due to its refative importance
for many environmental problems (I1I1-13). Because of
the raw number of foods consumers eat, most analyses have
been limited to detailed case studies of either a single food
iterd (8, 9) or a limited set of items (7, 13), though usually
to a higher level of detail than is possible for large groups of
products. A few studies exist which look at overall diet (11, 12)
but even these have usually been limited by availability of
life-cycle inventory data for all products. Further, many of
the analyses have used life-cycle energy use as the relevant.
measure of sustainability, and thus they have not included

the substantial non-CO; greenhouse gas (GHG) emissions

associated with agriculturé (8—10). Finally, -despite the
attention food-miles and transport have gotten in the
literature, very few studies have analyzed transportation
upstream of the farm {e.g,., transport of farm equipment and
supplies to the farm), which may be important for life-cycle '
GHG emissions.

This analysisadds to the existing literature by considering
the total life-cycle GHG emissions associated with the

. production, transportation, and distribution of food con-

sumed by American households. We include all upstream
impacts using input—output life-cycle assessment (IQ-LCA),
analyze all food and nonalcoholic beverages, and include all
relevant emissions of greenhouse gases in the supply chairis
of food products. Several uncertainties, discussed below,
complicate attempts to make definitive claims of superiority,
and results from such a holistic assessment will necessarily
be averaged and context-specific. Nonetheless, by using such

"a holistic assessment of climate impacts from both trans-

portation and production of food, we hope to inform the
ongoing debate on the relative climate impacts of “food- -
miles” and dietary choices. The next section describes the
methods utilized in the analysis, followed by a summary of
the results obtained (full results are available in the Sup-
poriing Information), and a discussion of the results.

Methods and Data

The method utilized is input—output life-cycle assessment

(T0-LCA) (14, 15).10-LCA has several advantages for such an
analysis, such as being able to handle large bundles of goods
as well as reducing cutoff error, one of the major drawbacks
of process-based LCA (16). 10-LCA has its drawbacks as
well—aggregation in economic sectors is a significant
problem—but it is ideal for analysis oflarge groups of products

- from a scoping perspective.

A detailed model development is presented in the

* Supporting Information and is summarized here. As originally

formalized by Leontief in his groundbreaking work in the
1930s (15), the total output of an economy, x, can be expressed -
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as the sum of intermediate consumption, Ax, and final
consumption, y, as follows:

X=Ax+y (1)

where A is the economy’s direct requirements matrix. When
solved for total output, x, this equation vields

x={I-A)"y v

As shown previously (17), the direct requirements matrix
can be derived in a number of different ways. In general, the
industry-by-commodity matrix, denoted here Aj.c, is seen
as the most useful form of the direct requirernents matrix,
A, or the Leontief inverse, (I — A) ! = Ly, since it allows the
input of a final demand of commuodities and a supply chain
of industrial output, which can easily be converted to

. emissions using a coupled emissions vector, F=x'f, where
f is the total sectoral emissions of a pollutant

f=FL,yc e

If y., the commodity final demand, is valued in purchaser, “

e.g., retail, prices, the retail/wholesale markups and final
transportation costs can be distributed using a commodity-

by-commodity purchaser producer price transformauon )

matrix, T (3)

f=FL Ty, @

This discussion has so far assumed that the relevant
emissions/impact data for the calculation is in terms of
emissions per industrial outpi, as is standard in IQ-LCA
(18). However, to model the transportation of goods, a
commodity-by-commodity model (Ac.c, Lexc) would be more
appropriate, with impacts measured in terms of t-km moved
per commodity purchased rather than per industrial output.
We denote this matrix of modal t-km moved per commodity
-output as Fum = total t-km, by mode, moved by each
‘commodity, divided by total commeodity output. Data on
domestic t-kim moved by commodities was taken from the
1997 U.S. Commuodity Flow Survey (CES) (19), which was
mapped to the input—output commodity groups from the
1997 benchmark input—output model of the United States
(20), the most recent such model available for the U.S. Ton-
km moved by international water and air transport, which
are not included in the U.S. CFS, were included in the
calculation using U.S. import statistics, which give data on
mass of commodity, U.S. port of entry, and exporting country

. {21). The model assumes that all users of a commodlty (both

final users like households and intermediate users like
industries) require the same amount of t-km per dollar
purchase of the commodity. On average, the total t-km, by
mode, required to deliver a final demand y. can be derived
as

fn = PamlcxcTY: &)

Several further steps dre necessary to complete and balance
the economic portion of the model. See the Supporting
Information for details.

* Assuming a standard energy intensity of transport per
moade, the t-kim Tesults can be converted to energy terms,
and carbon intensities of fuels from the U.S. EPA (22) can
further be used to convert to units of t COze/$ commodity
output. Energy intensities per t-km by transport mode were
- taken predominantly from the U.S. Transportation Energy
Data Book (23), though data were supplemented from the
GREET model (24) and literature (25, 26} for air {reight and
international water freight. The assumed energy and carbon
intensities of each type of transport are given in Table 1.

Note that the carbon intensity of gas pipelines includes U.S.

TABLE 1. Energy and Greenhouse Gas Emissions Per ton-km
for Different Modes of Transport®

MJ/t-km  t COzeft-km x 105  source
inland water 0.3 21 {23)
rail 0.3 18 {23)
truck : 27 180 {23)
air? 10.0 6807 {25)
oil pipeline 0.2 16 (23,24
gas pipeline 1.7 180 (23,24
int. air? 10.0 6807 {25)
int. water container 0.2 14 {26)
int, water bufk . 0.2, (A {26)
int. water tanker 0.1 7 (26}

# CO; emissions were used as an indicator for the radiative
forcing effects of aviation, which are actually higher than just
CO; emissions (27).

government estithates of methane leakage through transport,
explaining its high relative- GIG-intensity.

In order to compare the GHG emissions associated with
freight transport with those associated with production of
food, the commodity-based model must be extended to an
industry-based model typical of I0-LCA. Thus, the com-
modity-based final demand from above, y., must be con-
verted to industry output using the normalized make matrix,
W, and multiplied by the industry-based production-related
GHG vector, F = COze/$M (28)

f=FWLc, Ty, ' ®)

where emissions from sectors that provide freight trans-

~ portation have been set to zero to avoid double-counting

with the t-km based GHG emissions derived in eq 6. However,
this also removes all passenger transportation purchased in
these sectors, which were added back in extraneously {see
Supporting Information). The GHG emissions vector for
production-related emissions was taken from the EIO-LCA
model, and its public data sources have been described
previously (18}

Data on food consumption by households were taken
from two main solirces: the benchmark 1.8, input—output
accounts for total economy-wide household expenditure on
food (20) and food availability statistics from the U.S.
Department of Agriculture for household caloric consump-
tion of food (29). The commodity groupings were not perfectly
interchangeable between the two data sets since the ex-
penditure data are collected on the basis of retail food items
(including restaurants and processed/frozen food) while the
availability data are collected on the basis of food inputs to
retail items (i.e., total meat, total grains, etc.). Thus for some
comparisons below, it was assumed that restaurants and
processed foods contained the same caloric ratios of primary
food groups as the primary food groups themselves (see
Supporting Information). Economy-wide and per-capita data
were normalized to the cornmon unit of household using
data from the U.S. Census on total population.and number
of households in the U.8. in 1997, approximately 101 million
households and 267 million residents {30).

Results
Total freight t-km from production to retail to meet food

- demand in the United States in 1997 were approximately 1.2

x 102 t-km, or when normalized to the 101 million
households in the U.S. in 1997, around 12 000 t-km/
household/yr (all tons are metric tons, t or tonne). It should
be noted that this figure does not include consumer transport
to and from retail stores, which is both outside the scope of
this study and complicated by multipurpose trips (8, 31, 32).
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FGURE 1. Total t-km of freight by mode per yéar per household (a}, tranispori-refated GHG emissions by mode (b), total GHG
emissions by supply chain tier {c) associated with household food consumption in the United States, and comparative climate
impacts of different food groups- (d). The clear boxes {direct in panes a and b} represent final delivery portion of transport chain.

Food groups are aggregates of 50 comimodities (see Supporting Information). .
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FIGURE 2. Comparison of normalization factors for total GHG of food. From left to right: no - normalization {t COefhh-yr). by

expenditure {y C0:¢/$1997), by energy content (g COz/kCal) and by mass (kg CO.efkg). All values are shown refative to the value of
red meat {ZSGD kg CO.efyr, 2.4 kg C0z2/$, 108 g C0ze/kCal, 22.1 kg CO.efkg). i

Figure 1a shows a breakdown of this total by commeodity | farmor production facility to the retail store. In general, this
groups modeled after the USDA food groups (29). A 50- is the distance that advocates of the food-miles concept have
commodity breakdown is available in the Supporting In- identified as relevant for decision making. Thus, the total
_formationbutis aggregated here for illustrative purposes. Of | supply chain of food contains around four times the “food-
the 12 000 t-km/yr per household, 3000 t-kmwereduetothe | miles” of just final delivery. To put these figures into
“direct” tier of the food supply chain, i.e., delivery from the . perspective, when combined with the fact that the average
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household consumes around 5 kg of food per day (29), average
final delivery of food is 1640 km (1020 mi), and the total
supply chain requires movement of 6760 km (4200 mi). Food
groups vary in these average distances from alow of beverages
(330 km delivery, 1200 km total) to a high of red meat (1800
km delivery, 20 400 km total},

By food group, the largest contributor to freight require-
ments is cereals/carbohydrates (14% of total}, closely followed
by red meat (13%). Fruits/vegetables represent another 10%
of the total, with nonalcoholic beverages, fats/sweets/
condiments, dairy products, nonred meat proteins (including
chicken, fish, eggs, and nuts), and other miscellaneous

processed food products (mostly frozen foods) all represent--

ing around 6—8% each. Final delivery (direct t-kin) as a
proportion of total transpoitation requirements varied from

a low of 9% for red meat to a high of around 50% for fruits/ -

vegetables, reflecting the more extensive supply chains of
meat production (i.e., moving feed to animals) compared to
human consumption of basic foods such as fruits/vegetables

and grains. By transport mode, the majority of transportation

in the total food supply chain is done by four modes:
international water (29%), truck (28%), rail (29%), and inland
water {10%). Oil and gas pipelines each represent around 3%

of the total, and air and international air transport combine

for less than 1% of total t-km. This differs from the final
delivery portion of the supply chain, which is dominated by
trucking (62%), with some international water (19%) and rail
transport (16%). : _

When measuring in terms of GHG emissions rather than
t-kim, the situation changes substantially due to the significant
differences in energy intensity between transport modes.
GHG emissions associated with transport, again converted
to a per-household basis, totaled 0.91 t COze/yr, with 0.36 t
CQOqe/yr associated with final delivery, i.e,, “food-miles”. As
seen in Figure 1b, trucking is now responsible for the vast
majority (71%) of transport-related GHG emissions due to
its large share of t-km and relatively high GIIG intensity. The
remainder of emissions are associated with gas pipelines
(7%), rail (6%), air transport of passengers (5%), international

" water {4%), inland water (3%), and international air freight
(2%). The prominence of gas pipelines is mostly due to gas-
fired power plants and nitrogenous fertilizer production,
while air passenger transportation (moving people within
the supply chains of making goeds) oceurs in small quantities
throughout all supply chains but especially in retailing and
restaurants. Fruits/vegetables now represent as large a
household share as carbohydrates, 23% of total COze, due to
their higher percentage of trucking as a mode. For a similar
reason, since trucking does the vast majority of final delivery,
the importance of final delivery goes up from an average of
24% of total t-km to 39% of total GHG emissions from
transport. This result lends some credence to the focus on

“food:miles, although it would also say that upstream
transportation requirements are still more important than
final delivery of food.

Regardless, the focus on food-miles and transport must
be analyzed in terms of the overall climate impact of food.
Results in Figure 1c show the breakdown of total life-cycle
-GHG emissions associated with household food, in terms of
final delivery, supply chain (nondirect) freight, production,
and wholesaling/retailing. Total GHG emissions are 8.1 t

. COze/household-yr, meaning delivery accounts for only 4%
of total GHG emissions, and transportation as a whole

-accounts for 11%. Wholesaling and retailing of food account -

for another 5%, with production of food accounting for the
vast majority (83%) of total emissions.

Within food production, which totaled 6.8 t COze/ .

" household-yr, 3.0 t CO,e(44%) were due to CO; emissions,
with 1.6 t (23%} due to methane, 2.1 t (32%) due to nitrous
" oxide, and 0.1 t (1%) due to HECs and other industrial gases.

Thus, a majority of food’s climate impact is due to non-CO,
greenhouse gases, Nitrous oxide {Nz0) ermissions, mainly
due to nitrogen fertilizer application, other soil management
techniques, and manure management, are prevalent in all

- food groups but especially in animal-based groups due to

the inefficient transformation of plant energy into animal-
based energy. Methane (CH,) emissions are mainly due to
enteric fermentation in ruminant animals (cattle, sheep,
goats) and manure management, and are thus concentrated
in the red meat and dairy categories.

Different life-cycle stages have different importance
among the different food groups. Delivery “food-miles”
account for a low of 1% of red meat’s GHG emissions to a
high of 11% for fruits/vegetables, due to the higher overall
emissions intensity of red meat and the lower intensity of
fruits/vegetables. Total supply chain freight transportation
similarly ranged from 6% of red meat and dairy’s impacts to

-18% of impacts of both fruits/vegetables and nonalcoholic

beverages.

The results have so far focused on the total impacts of the
average household in the United States, but comparing
among the different types of food is more relevant for
consumers wishing to lower the climate impact of their food
consumption. However, comparing among food groups is-a
nontrivial matter. Different food groups have different prices,
provide people with different nutrients, and of course are
more or less pleasant to eat depending on consumers’ tastes.
Three possible normalizations for the impacts of different
food types are used here for comparison with the total impact
numbers: expenditures on food, which is related to consumer
demand for food, mass of food, and energy content, which
are a rough measure of food's sustenarnce, None are a perfect
measure; expenditure is only roughly related to the amount
of energyfsustenance that food provides, and calories
meastire only one dimension of sustenance—energy—without
accounting for vitamin, mineral, and other nuiritional
content. Nevertheless, they provide three different ways of
comparing food types and their life-cycle GHG emissions.

Figure 1d shows the total GHG emissions of food groups
normalized by expenditure ($1997), and Figure 2 shows a
comparison of total impacts with impacts normalized by
expenditure, calories, and mass (all shown comparative to
the absolute figure for red meat). Both figures show a clear
trend for red meat; no matter how it is measured, on average
red meat is more GHG-intensive than all other forms of food.
Dairy products are an interesting second, as normalization
by expenditure produces a GHG-intensity similar to that of
red meat (2.2 kg CO,/$ for dairy, 2.4 kg CO:/$ for red meat)
but normalization by calories (since dairy products are in

“general caloric compared to their price) produces a number
' around half as intensive as red meat (5.3 g CO,/kCal compared

t0 10.8 g COz/kCal). Normalization by mass makes dairy look

_even better, due to the high water content (and thus mass)

in the form most consumed, milk. Interestingly, on a per-
expenditure basis, the impacts of all the other food groups
{including the averaged restaurants group, which is low due
to higher prices than eating at home) are remarkably similar
in impact, though for different reasons. In both measures,
fruits and vegetables compare similarly to nonred meat
protein sources (chicken/fish/eggs/nuts) because although
they have lower production impacts, they have higher impacts
due to delivery and transportation. Carbohydrates and oils/
sweets, in contrast, appear similar to other groups normalized
by expenditure but appear much better normalized by
calories due to naturally high energy contents per mass.
Givén these differences in GHG intensities, the relative
importance of “localizing” food supply vs choosing different
combinations of foods can be examined. To explore thisissue,
we assume that the absolute maximum localization, “total
localizarion”, of the average diet would be an elimination of
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TABLE 2. Shifts in Expenditure (Tap) or Calories {Bottom) from
Row Category to Column Category Which Result in a GHG
Reduction of 0.36 tC0.e/Household-yr, the Equivalent of a
Totally “Localized” Diet (“Non-dairy Veg Diet” Represents the
Average American Diet Less All Meat and Dairy)

$expenditure  chicken grains  fruitveg  nondairy veg diet

red meat 24%  21% - 21% 21%
dairy - 42% 37% 37% 36%
meat + dairy  15% 14% 14% 13%
kCal chicken grains fruit/veg nondairy veg diet
red meat 22%  17% 23% 17%
dairy 93%  33%  107% _ 38%

meat + dairy  18% 1% 19% 12%

all delivery miles for all foods, approximately 0.36 tCO:/yr

from Figure 1c, While this assumption is unrealistic for many -

reasons, it does show the upper-bound potential GHG
reduction of localization. We compare this potential reduction
to equivalent reductions that could be made by shifts in food

choice. Table 2 shows the breakeven percentages of expen-

diture or calories, in shifting from red meat/dairy/both, to
other foods in the columns which would reduce household
GHG emissions asimuch as a total localization ofali consumed
food. :
. It is clear that even with the unrealistic assumption of
zero food-miles, only relatively small shifts in the average
“household diet could achieve GHG reductions similar to that
of localization. For instance, only 21—24% reduction in red
meat consumption, shifted to chicken, fish, or an average
vegetarian diet lacling dairy, would achieve the same
reduction as total localization. Large reductions are more
- difficult in shifting away from only dairy products (at least
on a calorie basis) but making some shifts in both red meat
and dairy, on the order 0f13—15% of expenditure orl 1-19%
of calories, would achieve the same GHG reduction as totdl
localization.

Discussion

Uncertainties in Results. This analysis contains several difficult
to quarntify uncertainties. There are well-known uncertainties
with input—output analysis in general and these have been
documented previously (33, 34, In addition to these standard
uncertainties, the most important of which are aggregation of
unlike goods together and a time lag of data, there are several
specific uncertainties in the data and methods used here. With
‘respect to the calculation of freight transport, it is clear that the
average household analyzed here is not representative of the
actual placementofanysinglehome inthe United States—theav-

erage distances to market are much smaller for some households -

and much larger for others. Similarly, there are also deviations
_from the average energy intensities per t-km used here; for
example, refrigerated trucking and ocean shipping of fresh foods
are more energy-intensive than the average intensity of trucking
or ocean shipping. However, neither of these uncertainties are
likely to change the overall results of the paper substantially;
even a household twice as far from its source of food would
have only 8% of food-related GHG emissions associated with
delivery and 15% with transport as a whole. -
 One potential change since 1997 which could affect the
average results is the increase in imports to the U.S. (34, which
* would increase the average distance to market for some foods
. and increase the supply chain length for all commedities. To
analyze the potential impact of this change, a simplified model
based on previous work (34 was built assuming 2004 import
data and transport distances instead of 1997 data. The resulting
difference on a per-household basis was substantial in terms
of t-kan, increasing totgl t-km/household-yr from around 12 000
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to around 15 000, with a corresponding increase in direct food-
miles from around 3000 to 3700 t-km/household-yr. Thus,
globalization from 1897 to 2004 increased the average distance
moved by food by around 25%, from 1640 Jam (1020 mi) direcdy
and 6760 km (4200 mi) in total to 2050 km (1250 mi) directly
and 8240 kan (5120 mi) in total. While thisisa remarkabie shift
in terms of distance, because ocean shipping, which is greater
than 99% of total international ocean and air shipping, is far
less energy intensive than overland trucking, the total increase

in the GHG emissions associated with transport is only 5%,

from 0.91 t COz/household-yr (0.35 direct) to 0.96 t CO,/
household-yr (0.36 direct). Thus, even with the large shift in
distance traveled due to globalization, the climate impacts of
freight supply chains remain dominated by overland truck
transport and significantly smaller than the preduction impacts
of food. - _

Of course, many other uncertaintics are-important in the
calculation of the production impacts of food. The first major
uncertainty is ignoting land use impacts, which is estimated to
contribute up to 35% of total GHG impact of livestock rearing
(10). While deforestation is linked to global food markets,

" tracing its impacts directly to consumer demand for food is a
- difficult task, especially given the recent confluence of biofuel

and food markets; nevertheless, it should be noted that the

actual climate impacts of food production are much largerthan -

justernissions of COz CHa, and N5O. Additionally, while working
at the aggregate and average level used in this analysis has
many advantages, it does miss substantiat variation in local
scale impacts (N:O emissions from soils, differing manure
management and fertilizer application practices between farms,
etc,; see ref {35) for further discussion} and in specific food
types within aggregate groups (such as differences between
ruminant and nonruminant red meat, grass-fed vs grain-fed

' eat, organic vs conventional produce, etc.). Further, several

authors have noted the importance of seasonal variations and
increased storage necessary for localization of produce, which
are all only treated in an averaged sense here (7, 8. Thus, all
pumbers presented should. be regarded as averaged and
approximate, thoughiit should be noted that most of these major
uncertainties (fand use, increased storage) would make the
benefits of localization look even more dubious compared to
dietary shift. -

Relevance of Results. The production and distribution of
food has long been known to be a major source of GHG and
other environmental ermissions, and, for many reasons, itis
seen by many environmental advocates as one of the major
ways concermned consumers can reduce their “carbon foot-
prints”. Proponents of localization, animal welfare, organic
food, and many other interest groups have made claims on
the bestway for concerned consumers to reduce the impacts
of their food consumption. The results of this analysis show
that for the average American household, “buyinglocal” could
achieve, at maximum, around a 4-5% reduction in GHG
emissions. due to large sources of both CO; and non-CO;

" emissions in the production of food. Shifting less than 1 day

per week’s (i.e.,, 1/7 of total calories) consumption of red
meat and/or dairy to other protein sources or a vegetable-
based diet could have the same climate impact as buying all
household food from local providers. :

We estimate the average household’s -climate impacts
related to food to be around 8.1 t COze/yT, with delivery
“food-miles” accounting for around 0.4 te COxe/yT and total
freight accounting for 0.9t COse/yr. To put these figures into
perspective, driving a 25 mi/gal (9.4 L/100 km) automobile
12 000 miles/yr (19 000 km/yr) produces around 4.4 € COz/
yr. Expressed i this manner, a totally “localized” dietreduces
GHG emissions per household equivalent to 1000 miles/yr
(1600 km/yr) driven, while shifting just one day per week's
calories from red meat and dairy to chicken/fish/eggs or a
vegetable-based diet reduces GHG emissions equivalent to
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760 miles/yr (1230 km/yr) or 1160 miles/yr (1860 km/yr),
respectively. Shifting totally away from red meat and dairy
toward chicken/fish/eggs or a vegetable-based diet reduces
GHG emissions equivalent to 5340 mi/yr (8590 km/yr} or
8100 mi/yr (13 000 km/yr}, respectively. Which of these
options is easier or more effective for each climate-concerned
household depends on a variety of factors, though given the
difficulty in sourcing all food locally, shifting diet for less
than one day per week rmay be more feasible,

It should again be noted that the analysis performed here
was based on the “average” U.S. household's food expen-
ditures. Of course, different real households will have very
different dietary habits and climate profiles. Those consuming
more in high-impact categories could have even more
potential reduction in GHG emissions than calculated here.
Ofcourse, thisis conversely true for households which already
exhibit low-GHG eating habits. For these households, freight
emissions may be a much higher percentage of the total
impacts of food, and especially will be important for fresh
produce purchased out of season.

Finally, it should be noted that this analysis only examined
climate impacts, which are only one aspect related to food
choice, and are only one dimension of the environmental
impacts of food preduction. Food choice is based on a variety
of factors, including taste, safety, health/nutrition concerns
(both between different food types and among food types,
i.e., organic vs conventional), affordability, availability, and

" environmental concerns. Similar to food choice in general,

consumers who have taken part in thelocalization movement

. have done so for many reasons other than energy and climate;

supporting local agricultural communities and food freshness
are often listed as reasons to “buy local” as well. Though this

analysis shows that some food types are much less GHG-,

intensive than others, any attempt to change consumer

behavior based on only one dimension of food choice is

unlikely to be effective.
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