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Trade and the equitability of global food nutrient

distribution

Stephen A. Wood ®'%*, Matthew R. Smith

Access to sufficient, nutritious food is a basic human right
and is necessary to achieving the United Nations' Sustainable
Development Goals. We demonstrate that international food
trade, in the current global system, is essential to nutrient
access and enables some poorer countries to be able to nour-
ish up to hundreds of millions of people. Protectionist trade
policies could therefore have serious negative consequences
for food security.

Because human health requires a balanced diet of macro- and
micronutrients, there is growing consensus that optimizing food
systems for nutrients could more effectively address undernutrition
than increasing total food production'~. Yet there is debate about
the relative importance of different drivers of nutrient availability,
such as increasing production®’ versus improving access and distri-
bution™®. Here we quantify the relative contribution of international
trade, waste and conversion to non-food uses to explain patterns in
the nutritional potential of the global food system, for crop and ani-
mal commodities. We also estimate the potential of the global food
system to meet current and future nutritional needs.

We show that current global food supply—the amount of food
available for consumption after accounting for trade, losses and
conversion to other uses—is sufficient to meet average nutri-
ent demands for the aggregate global population, if equitably dis-
tributed (Fig. 1a; Supplementary Table 2). Supply of vitamin B12
is sufficient to meet the needs of 16.79 billion extra people and
protein is sufficient to meet the needs of 11 billion extra people
(Fig. 1a). By contrast, folate supply is barely sufficient to meet cur-
rent needs (70 million extra people; Fig. 1a) and is the only nutri-
ent for which losses from production are greater than food supply
(Supplementary Table 2). Marginal gains or losses in folate supply,
therefore, could strongly impact global adequacy of supply. Global
food production—the amount of food produced before accounting
for trade, waste and conversion to other uses—is sufficient to meet
the needs of an even larger number of people, ranging from between
five times (protein) and two times (calcium) the current global pop-
ulation (Supplementary Table 2). The gap between nutrient supply
and production suggests that gains in crop yields are likely to be
insufficient to meet nutritional needs without policies ensuring that
gains in nutrient production translate to gains in nutrient supply.

Countries differ in ability to meet nutrient needs with current
food supply (Fig. 2a, Supplementary Fig. 1; Supplementary Table 3).
For protein, all countries have enough protein to meet current
nutrient requirements. For vitamins A and B12, countries range
from around 8-times and 12-times their population’s needs, respec-
tively, down to less than 1. For minerals, the lowest 20 countries
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(Supplementary Figure 1) are all deficient, whereas the highest 20
countries (Supplementary Fig. 1) are sufficient. Thus, although
certain macronutrients (for example, protein) are sufficient for all
countries, many countries are not able to meet nutrient needs for
micronutrients.

There are several potential mechanisms that determine aggre-
gate nutrient supply and equitability among countries. Globally,
waste plus conversion to non-food uses is associated with a loss
of nutrients equivalent to the needs of between 10% (calcium) and
32% (protein) of the global population, depending on the nutri-
ent (Supplementary Table 2). Among countries, trade accounts
for a greater amount of total food supply, in most cases, than
does waste, an oft-cited driver of inefficient food distribution,
and conversion to seed (Supplementary Table 3). Under our
no-trade scenario, nutrient distribution among countries was
always less equal (Fig. 1b; Supplementary Table 4). The disparity
of nutritional needs potentially met among countries was much
higher under no-trade scenarios than with actual food supplies
(Supplementary Figs. 2,3). Lower-income countries tended to
gain nutrient potential with trade, for almost all nutrients except
iron and folate (Supplementary Figs. 2,3; Supplementary Table 5).
Higher-income countries were more variable than low-income
countries in which nutrients increased with trade (Supplementary
Figs. 2,3; Supplementary Table 5). Based on our trade versus
no-trade comparison, trade contributes to between 146 and 934
million people being potentially nourished for certain countries,
depending on the nutrient (Fig. 2).

Our results highlight the need for agricultural and food
systems to explicitly consider nutrients, not just aggregate produc-
tion. Given that all countries have an adequate aggregate supply of
protein, but not of many micronutrients, emphasis should be placed
on increasing availability of key micronutrients, either through
intensification of target crops rich in those nutrients or trade for
target food items, and ensuring adequate distribution of these nutri-
ents at the sub-national scale. Our findings also demonstrate that
current global food trade plays an important role in distributing
nutrients among countries and improves the ability of many coun-
tries, especially poorer countries, to meet their nutrient needs. On
the other hand, some countries had lower nutrient potential with
trade—such as iron in low-income countries, which is associated
with major malnutrition challenges. On average, protectionist trade
policies that limit the flow of food items would likely have serious
negative consequences for global nutritional security.

There are also challenges and limitations with current trade
practice. First, the foods that are most easily traded—such as

The Nature Conservancy, Arlington, VA 22203, USA. 2School of Forestry and Environmental Studies, Yale University, New Haven, CT 06511, USA.
3Department of Environmental Health, T.H. Chan School of Public Health, Harvard University, Boston, MA 02115, USA. “The Nitze School of Advanced
International Studies, The Berman Institute of Bioethics and the Bloomberg School of Public Health, Johns Hopkins University, Washington, DC 20036,
USA. Bioversity International, 3001 Heverlee, Belgium. ¢Faculty of Bioscience Engineering, Ghent University, 9000 Ghent, Belgium. ’Department of
Ecology, Evolution and Environmental Biology, Columbia University, New York, NY 10027, USA. *e-mail: stephenawood@gmail.com

34

NATURE SUSTAINABILITY | VOL 1| JANUARY 2018 | 34-37 | www.nature.com/natsustain

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.


mailto:stephenawood@gmail.com
http://orcid.org/0000-0002-9551-8165
http://orcid.org/0000-0001-5207-2370
http://www.nature.com/natsustain

oV

20 A

16.79

15

11.1810 g8

III ~

1.00 A With trade 1.00 A Without trade
44
v

9
0.60
0.58
. 0.54 0.57
2 0.50 1 0.
0.38
0.30 0.24 .
. 0.19 . @ 0.254
= ﬁ . . l I .
0.00 + - 0.00 ~
¢ & v S o@e & o@c

2 )
& s N
RS v Q®o Q}\Q & o

10

. 0.95
04 I 007

Additional people potentially
nourished (billions)

54

RN
c;'&“\0 q,o""q S

o
~
a
)
=)
3
a
L

0.6

030 032

Gini coefficient (0-1)
o o ¢
N o

(S} o

Gini coefficient (0-1)

0.62

055 I
N Y
e ,\/\Q

.
&

& O @
Q\

Fig. 1 | Potential gains in people nourished with trade. a, The number of extra people, in billions, who could be nourished if nutrients in excess of current
global needs were evenly distributed. b, A no-trade scenario has greater inequality among countries in potential to meet national nutrient requirements.
Gini inequality coefficient values range from 0 (perfect equality) to 1 (perfect inequality). Data are the average of years 2007-2011.

staple grains—are often lowest in composition of micronutrienkdethods
in which many countries are deficient. Relatedly, the nutrief quantify nutrient gaps in the global food system, we merged Food and

composition and quality of food items could differ when iten@griculture Organization food balance d&fdood item nutrient composition
and country-specific nutrient requirement estimates. Food balance data include

_are con_sumed fresh versus processed C_)I’ harvested ?ar'Y foﬁr(ﬂ]ction, conversion to seed, conversion to feed, waste, trade balance, and
international supply chaih Second, food items that arrive in &ther uses. Food supply is the amount of food available for consumption,
country by trade are preferentially consumed by individuals witlafined as production plus imports and changes in stocks minus exports,
revenue to purchase imported items. Thus, there is no guaram@yersion to seed, conversion to feed, waste, and other use. ‘Other use’

that people with greatest need for imported nutrients will ha\izgludes non-food products, such as oil for soap production. We analyse

O L . - . Tive-year average values (2007-2011).
accgss, instead, the dlstrlbutlon_ _Of food items—and associate 0 determine nutrients in each food balance sheet component, we combined
nutrients—would depend on ability to pay. Relatedly, trade @bd balance data with USDA Food Composition Database nutrient data on each
food products could impact domestic producers differently fromod item, excluding beverages, spices and some others (Supplementary Table 1).
wage-earning consumers. Consumers who purchase goods B¥émultiplied the amount of each food item in each component of the food

efit from lower-cost imports, whereas domestic producers m%g)aﬂce sheet _by_ arefuse fragtlon that captures the non-edible amount of ea_ch food
Itegm'* and multiplied the resulting edible quantity by the concentration of nutrients

.nOt' Third, inpreased specialization associated With. trade GRBach item. We focused on eight nutrients: protein, energy, zinc, calcium, iron,
increase nutrient supply, but could also lead to environmentahmin B12, folate and vitamin A.

damage if specialization is focused on environmentally harm To estimate the potential to nourish each country’s population,

ful crops, such as large-scale oil palm plantatioBeth nutri  We mutiplied nutrient amounts as described above by country-specific dietary

tion and environmental outcomes are central to the Sustaina[ﬁr ets. Targets are a weighted average of individual dietary requirements based
on the distribution of a country’s population into different age classes—each

Development Goals. F'“a”)ﬁ trade can increase nutrient SUpQNVhich is associated with different dietary requiremén®A\O nutrient
but can also make countries vulnerable to sudden changeseifirements were used because they have been derived specifically for global
global trade patteris. applicatiori We merged food balance sheet, nutrient concentration and

Our results highlight the importance of trade in the currertietary target data to calculate the fraction of a country’s population's nutrient

global food system to countries’ abilities to meet their nutrition3feds that could be met. These estimates assume equitable distribution within
ds. Our analvsis. however. is limited to the current global f CO ntruj:‘s,_ Whlch is not achieved in reality, but allows us to identify if nqtnent
needas. ySIS, ) g QQBply is insufficient under any circumstance. We measured the equality of

system and does not take into account changes in food secuiifent potential among countries with the Gini coefficient, which
that occurred with historical changes in trade regimes. Rathes common measure of income inequality and ranges from 0

than implying that free trade is always better, our findings sugerfectly equal) to 1 (perfectly unequal).

gest that trade in the current global food system is associated Withe created a hypothetical no-trade scenario to estimate the impact of the

t lity of nutrient Put brieflv. th bility of current international trade system on nutrient supply. We subtracted trade balance
grearer equality of nutrient access. Fut brietly, the ability ol m Wports— exports) from food supply. Thus, we started with the number of people

Countriesu_esr)eda”y !OW'income countries—to meet _thEir aggihose nutrient requirements could be met for a particular nutrient. We subtracted
gate nutritional needs in today’s world would be less without trade quantity of nutrients imported (in terms of number of people potentially
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