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Abstract: The impact of food production patterns and food supply upon consumption patterns is
usually explained by economies of scale and affordability. Less attention is given to food trade
patterns and global insertion of economies affecting dietary changes. This paper contributes to the
discussion using the concept of caloric unequal exchange that defines the deterioration of terms of
trade in food in units of calories and complements studies on unequal exchange and ecologically
unequal exchange. A new perspective to food systems’ analysis is achieved by using this concept.
This paper uses the case study of Ecuador to exemplify its potentiality. Exports and imports to
and from Ecuador are analyzed for the period 1988 through 2013 in volume, value, and calories,
for different groups of products. The conclusion is that Ecuador is increasingly helping to feed the
world, at a caloric cost that is decreasing over time. There is a deterioration of the terms of trade of
traded food in terms of calories for Ecuador of more than 250% between 1986 and 2013.
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1. Introduction

Changes in consumption patterns are usually referred to as being caused by changes in preferences
in consumers [1] or certain constraints, such as those of a budgetary nature [2]. Acknowledging the
relevance of demand-side determinants for consumption, we believe the role a country plays in
international trade may also be a determinant. A country’s global positioning in trade, concentrated
in certain products, may well induce changes in production patterns, which may have an effect,
subsequently, on the domestic supply of food products. The traditional way we look at food systems,
in terms of supply and demand, seems limited to us. Data in terms of volume and value may
well be complemented with data on the relative cost to the calorie of both imports and exports,
what we call caloric unequal exchange. In this way, we can have a different look to the concept of
domestic availability which links to other concepts such as food sovereignty. The change in domestic
availability (and very often affordability) may also induce changes in consumption patterns. With this
consideration in mind, the aim of the paper is twofold: (1) to explore the existence of caloric unequal
exchange for Ecuador as defined by a recent study [3]; and (2) to explore the links between changes in
food consumption patterns, international trade and domestic production of food products.

In order to respond to the two objectives of the paper, we use the recently introduced concept
of caloric unequal exchange, defined as the deterioration in the terms of trade of food traded
when considering the cost of exported and imported calories [3], and explained with detail in
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Section 2. The study originally introducing the concept focused on Latin America and the Caribbean as
a block, showing that, even if calories exported were more expensive than those imported, there was
a deterioration of the terms of trade since 1961 and the region was increasingly feeding the rest of
the world at ever cheaper costs to the calorie. This went along with an increased volume (and value)
of exports, making explicit the recent turn, to intensify the international insertion of the region as
a provider of commodities to the rest of the world. This international insertion is seen by some as
positive from an economic point of view. However, the impacts upon the environment in terms of soil
deterioration, export of nutrients, and increased energy consumption and CO2 emissions from those
exports, are still not clear as there are only a few studies that analyze the loss of nutrients involved in
food exports [4].

The concept of caloric unequal exchange is introduced and deeply discussed in an earlier
study [3]. Therefore, we will only summarize here that discussion and its relevance as a new
metrics. The analysis of the deterioration of the terms of trade owes much to the tradition of the
structuralists in Latin America, with authors like Prebish, Singer, Furtado, and later Emmanuel or
Amin [5–11]. Based on those seminal studies, the concept gave rise to an ecological interpretation,
ecologically unequal exchange, according to which exports of natural resources were not accounting
for environmental externalities produced in exporting countries [12–23]. This fact made exports
from developing countries implying a de facto transfer of wealth from poor to rich countries,
something Muradian and Martínez-Alier call “cost-shifting-successes” [24]. Following this debate,
many studies appeared worldwide, but with a particular emphasis in Latin America, to document the
phenomenon [4,16,17,20,25–39].

The new twist to the debate is considering the application of the new concept of caloric unequal
exchange. It expresses the deterioration in the terms of trade of food traded when considering the
cost of exported or imported calories [3]. We believe that by using this concept we can combine the
analysis of (global) food systems and food trade with discussions of nutritional issues, dietary quality
and diversity, malnutrition, food security and sovereignty, and environmental concerns attached to
production. It is true, however, that nutrition is not only a question of calories, however, we believe that
calories can be used to bridge different scales of analysis. For instance, in the words of Falconí et al.:
“Volume allows us to link the monetary value of food exports with production and therefore with
land use and environmental impacts, as in ecologically unequal exchange. Calories allow us to link
the former with nutrition. We are aware, though, that we are subject to simplification by using just
one indicator, but we believe caloric unequal exchange may be expanded in the future to account for
macro- and micro-nutrients” [3].

Under this new angle, the analysis of food systems and consumption patterns may look different
than we expected. According to the literature, many authors point at income and price as determinants
for diet changes worldwide [2]. Some authors add urbanization, market liberalization and foreign
direct investment to the list of determinants [40]. Food agricultural imports worldwide grew between
1980 and 1995 at 5.3% per year, with processed food growing at 8.3% per year [2]. According to these
authors, expenditure on meat, beverages, and fruits grew faster than on food staples such as cereals
and legumes with increasing per capita income. They also argue that another determinant may be
the supply side. There is a tendency to concentrate resources (land and labor) on those activities
generating more accumulation, usually food for exports. We follow this line of argument to defend the
link between food trade and consumption.

A result of globalization is greater availability and diversity of food [40]. However, changes in food
production, procurement and distribution systems, and trade all affect availability and access. In turn,
the authors argue, this brings changes in food culture towards homogenization, changing dietary
patterns. As they recognize, poorer populations shift consumption towards poor-quality, energy-dense
but cheap and affordable food products. This dietary convergence is reflected, for instance, in an
increased consumption of fats, particularly from vegetable oils, an outcome we will also see for Ecuador.
Another impact of globalization is an increase in meat consumption.
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Another global trend observed is that of the increasing role of supermarkets in developing
countries. A recent study for Ecuador notes that supermarkets are displacing open street markets
in cities [41], which has led to a decrease in the availability (in terms of diversity and price) of
affordable fresh fruits and vegetables for local residents, compared with those living in more popular
neighborhoods in the outskirts with less access to supermarkets, which according to the authors,
may be a likely explanation for an increase in prevalence of diabetes.

In their analysis of the effects of trade liberalization for diet and health in Central America,
a study [42] found that liberalization did indeed increase the availability of food through imports,
but also affected food availability through the promotion of domestic meat production. This, in turn,
reflected in rising consumption of meat and dairy products. This nutrition transition seems to be
related to rising rates of obesity and cardiovascular diseases [42]. Diets based on local staples are
giving way to rising consumption of fats, animal products, and sweeteners. Their analysis suggests
that trade liberalization is one factor facilitating the nutrition transition, lowering the price of meat
products and dairy, and having detrimental impacts on health. Trade in food is, therefore, one of the
drivers of the nutrition transition in which diets in low-income countries are becoming high in fats,
sugar, and salt [43].

Some other research explores the links between international trade of food and its impact on
the use of resources. This is the case of the analysis of virtual water trade embodied in agricultural
products [23,44–46], or the upstream requirements of cropland embodied in international trade using
an environmentally extended multi-region input-output analysis (MRIO) [47].

Moving to our case study, Ecuador was one of the countries most affected by the 2006 increases
in food prices [48]. According to these authors, energy intakes in Latin America were reduced by
an average of 8% from pre-crisis levels across the region. In Ecuador, unlike other Latin American
countries, such reduction occurred across all wealth quintiles, with urban households being more
affected than rural ones. Variability in calorie intake also decreased, a result we will also show here.

The Ecuadorian economy is also very open. According to data from the Central Bank of Ecuador,
the trade openness index (exports plus imports over gross domestic product (GDP)) for the year 2010
was 84% [49]. Ecuadorian participation in global markets relies on the export of commodities with
little value added and with prices set by international markets and demand. It also has a high degree
of concentration of suppliers. For instance, in 2010, the US represented 28% of total imports in Ecuador.
The same concentration occurs with food products traded internationally, as fruits represented 50.7%
of exports in 2013, vegetable oil (basically palm oil) 31.7% and stimulants (coffee beans) 12.2%, that is,
94.6% of exports just in three product categories; on the other hand, cereals represented 61.5% of
imports and vegetable oil (soy oil) 28.6%, that is, 90.1% of imports just in two product categories.

The structure of the rest of the paper is the following: Section 2 presents the materials and methods
employed in the paper; Section 3 presents the results obtained, focusing on differential results by
trading partner; Section 4 discusses the results in the frame of changes in the diet, and Section 5
concludes with the finding of deteriorating terms of trade, homogenization of diets and some policy
recommendations with regards to food trade.

2. Materials and Methods

This study analyses food trade to and from Ecuador with the rest of the world and selected
trade partners. The time window considered was selected based on the availability of data. For data
on consumption, self-sufficiency, the variety of consumption, and terms of trade we use the period
of 1988–2013.

The main source of data is the UN Food and Agriculture Organization Statistical Office,
FAOSTAT [50]. We have used both the data on food trade as well as food balances. We present
data in terms of volume, monetary values (in constant US$ from 2005) and calories (kcal). The reader
can find all data and sources as Supplementary Materials in Table S1: CUEE Data.xlsx.
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Data of the detailed matrix on food trade is grouped into the 74 food product groups as defined in
the food balance. We then use Food and Agriculture Organization’s (FAO) 14 major food groups: cereals
(excluding beer); sugar crops; sugars and syrups; pulses; tree nuts; oil crops; vegetable oils; vegetables;
fruit (excluding wine); roots and tubers; stimulants; spices; alcoholic beverages; miscellaneous. In
this way, we focus our analysis on those groups that are the most relevant for Ecuador in terms of
consumption. The study disaggregates the analysis for six major food product groups according to
their relative importance in terms of consumption: cereals; fruits; sugar and sweeteners; starchy roots;
vegetable oils, and; pulses. We then used FAO’s food composition tables [51] to calculate the energy
content of traded goods.

In this way, trade indicators (volume, monetary values or calories) for Ecuador can be expressed as:

X ∨M =
n

∑
i=1

pijt (1)

where X = totalexports o f Ecuador, M = totalimports o f Ecuador, pijt = exports from Ecuador of the
product i to country j in year t (X); or, imports of Ecuador of the product i from country j in year t (M).

Using the coefficients described above, we converted trade data (exports and imports) in volume
into calories. In order to analyze the Prebish-Singer hypothesis [5,7] of the deterioration of the terms of
trade in terms of calories, the average calorie content per 100 grams reported in the food composition
tables was used as proxy for expressing exports and imports in terms of calories, for product i in the
year t.

USD prices were applied for 2005; that is, adjusted to FAO’s value added deflator by country
for agriculture, silviculture and fishing. The value of exported and imported calories were used for
calculating the unit cost of calories exported and imported, which allowed us to compute the terms of
trade in this way

ToTt =
XUS$2005t /Xkcalt
MUS$2005t /Mkcalt

(2)

where ToT stands for terms of trade, X total exports of the Ecuador, M total imports, while US$2005
and kcal denote the indicators adjusted to constant prices of 2005 and calories, respectively; and t,
the year.

The interpretation of the indicator is the following. A value of one means that calories exported
have the same cost as calories imported. A value larger than one means positive terms of trade, that is,
exported calories are more expensive than imported ones. Therefore, the country needs fewer exports
to cover for its imports. A value lower than one means negative terms of trade; the country will be
compelled to export larger quantities in order to cover for its imports.

An indicator for self-sufficiency in food products was also calculated as one minus the share of
imported calories over domestic consumption in terms of calories:

Self− sufficiencyt =

(
1−

Mkcalt
Ckcalt

)
× 100 (3)

where C denotes domestic consumption of calories.
Finally, we calculated the level of concentration of products in consumption, measured in kcal,

by a cumulative distribution of the relative share in consumption of each of the 74 products reported
in the food balances.

3. Results

3.1. Ecuadorean International Trade Insertion

After years of political and economic instability, Ecuador eliminated the national currency in
January 2000, adopting the dollar. This dollarization brought price stability to the country, although it
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was not enough to achieve political stability. The country reinforced its move towards neoliberal
policies that resulted in a growing trade deficit over time, due to the lack of competitiveness of its
economy upon lifting tariffs [49]. As seen in Figure 1, the dollarization induced an increase in imports,
which initiated a phase of deterioration of the trade balance that is still present today due to the
impossibility of using competitive devaluations to improve competitiveness.Sustainability 2017, 9, 2068  5 of 15 
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The insertion of Ecuador in the world economy since then has suffered from two facts. On the
one hand, the small scale of its economy prevents it from influencing world prices for commodities
exported. On the other hand, the loss of monetary policy implied by dollarization prevented the
country from using competitive devaluations for gaining market share. The outcome, for all products
but particularly for food products, was an increase in volumes exported, as can be seen in Table 1 below.

Not only did Ecuador increase its exports, but its imports also rose after dollarization.
The economy became very open to the global market. The openness index, a measure of the share of
imports plus exports over GDP, went from 0.25 in 1965 to 0.57 in 2012, having reached a peak in the
year 2008 with a value of 0.64. This vulnerability of the economy to the world markets, aggravated by
the lack of industry in the country, implied an increase in food trade as well.

Table 1 presents the food trade balance (for the selected product groups) between Ecuador and
the rest of the world for the period 1988 through 2013. Data is presented in volume, monetary value,
and its conversion into calories. Exports in volume increased by 4.3 times their original size in the
period, less than in terms of calories (5.3), whereas its monetary value increased by 7.9 times. In the
case of imports, they increased by 2.1 times in terms of volume and calories, while they increased by
10.9 times in monetary terms.

Table 1. Food trade balance for Ecuador with the rest of the world, volume, value, and calories,
1988–2013.

Year Exports
(103 Tn)

Imports
(103 Tn)

Exports
(106 US$ 2005) *

Imports
(106 US$ 2005) *

Exports
(1012 kcal)

Imports
(1012 kcal)

1988 1526.5 637.5 282.3 57.7 1.3 2.2
1994 3492.5 547.1 610.9 81.6 2.8 1.9
2000 4610.5 808.0 1259.0 237.2 3.7 3.1
2005 5638.4 1367.4 1722.3 510.4 5.2 4.7
2009 6649.8 1504.5 2253.7 550.5 6.4 5.1
2013 6508.2 1358.4 2219.6 629.5 6.8 4.7

∆ 1988–2013 4.3 2.1 7.9 10.9 5.3 2.1

* Adjusted to the value added deflator by country for Agriculture, silviculture and fishing (value US$, 2005 prices).
Source: [50].
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During the 25-year period analyzed, Ecuador went from exporting double the amount of food that
was imported in 1988 to exporting more than five times what was imported in 2013, in terms of volume.
This is part of the re-primarization experienced by some of the Latin American economies [49].

As can be seen in Figure 2, Ecuador had a positive food trade balance for most of the period,
with the notable exception of 1998. Between February 1997 and August 1998, Ecuador suffered
the consequences of a severe El Niño Southern Oscillation (ENSO) phenomenon, which affected
production and explains both the reduction of exports and increase in food imports. Another interesting
observation is the role played by banana exports. As seen from the figure, banana exports accounted
for almost half of food exports throughout the period and allowed the country to have a positive food
trade balance.
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Food consumption for the selected product groups in Ecuador is presented in Table 2, in absolute
calories content, its share within total consumption and calories per capita. The main result observed
here is the notable increase in the consumption of vegetable oil, which, in per capita terms, is almost
three times higher at the end of the period, at the expenses of a reduction in pulses, fruits and roots
and tubers, which decrease by four to five times. Cereals also increase over time, representing around
45% of the calorie intake. The increase in cereals, vegetable oils, and alcoholic beverages, along with
the decrease in fruits, vegetables, pulses and starchy roots indicate a likely worsening of the diet that
warrants further analysis.

The relative share of exports and imports in terms of calories is presented in Table 3. Ecuador has
reduced its exports of fruits, which went from representing 62.5% in 1988 to 50.7% in 2013. Stimulants
(i.e., coffee beans) also lost share, from 26.1% to 12.2%. On the other hand, exports of vegetable oils
boomed, from 3.4% in 1988 to 31.7% of exports in 2013. Ecuador does not only consume more vegetable
oil as we saw above, but it exports increasing quantities of it. With regard to imports, Ecuador is very
dependent on cereals, representing more than 60% of total imports in 2013.

Trade patterns are very different depending on the trade partner analyzed. In the year 2013,
the main trade partners for Ecuador were Europe, the Community of Andean Nations (CAN, Bolivia,
Colombia, Ecuador, and Peru) and the USA. The corresponding market share for Ecuador exports was
38.1%, 16.3%, and 14.8%, respectively, that is, 69.2% between the three of them. Imports from Ecuador
originated in the CAN (32.7%), Canada (29.2%), the USA (12.8%) and Europe (3.2%) [50]. Based on
this, we decided to analyze these cases individually.

Thus, in Figure 3 we can see how Ecuador maintains a positive food balance with Europe, which
more than quintupled in the period and corresponds, in a large part, to bananas. In 2013 wheat
represented 57% of imports, barley 23% and olive oil 6.2%, while Ecuador exported to Europe mainly
bananas (68.3%), palm oil (12.9%) and cocoa beans (6.2%).
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Table 2. Food consumption by product group for Ecuador, measured in kcal, 1961–2011.

Product Group
1012 kcal/Year % kcal by Products Group Consumption kcal/Person/Day

1961 1971 1981 1991 2001 2011 1961 1971 1981 1991 2001 2011 1961 1971 1981 1991 2001 2011

Cereals 1.0 1.4 1.9 2.8 3.7 4.4 35.1 33.8 33.4 41.6 46.8 45.2 588.3 601.8 642.3 742 791.3 788.3
Fruits 0.6 0.7 1.0 0.8 1.2 1.3 20.0 18.0 18.2 12.4 14.8 13.3 336.0 320.2 350.9 221.9 251.1 232

Sugar & Sweeteners 0.4 0.8 1.2 1.0 0.8 1.0 15.2 18.8 20.3 15.1 10.5 10.6 254.5 335.0 390.6 269 178.3 185.2
Starchy Roots 0.3 0.5 0.3 0.3 0.3 0.2 10.0 11.7 5.7 3.9 3.8 2.6 167.1 209.0 109 68.98 64.9 44.88
Vegetable Oils 0.2 0.4 0.9 1.4 1.5 2.2 8.4 9.0 15.3 21.3 19.3 22.3 140.8 159.9 294.3 381 326.1 389.8

Pulses 0.2 0.2 0.1 0.1 0.1 0.1 6.1 4.6 2.4 1.8 1.7 1.4 102.6 82.0 46.39 32.6 28.71 24.23
Vegetables 0.1 0.1 0.1 0.1 0.1 0.1 2.3 1.7 1.1 1.1 0.9 1.2 39.0 30.0 21.04 20.01 16.03 20.99
Oil crops 0.0 0.0 0.1 0.0 0.0 0.1 1.7 1.2 0.9 0.4 0.4 0.8 28.3 21.7 17.86 7.462 6.889 14.45

Alcoholic Beverages 0.0 0.0 0.1 0.1 0.1 0.2 1.0 1.2 2.3 1.9 1.2 1.9 17.0 21.4 43.89 33.74 20.24 33.82
Other * 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.4 0.4 0.4 0.7 2.8 1.9 7.009 7.721 7.33 11.39

* Include: Stimulants, tree nuts, sugar crops, spices and miscellaneous. Source: [50].

Table 3. Evolution of exports (X) and imports (M) measured in kcal by product group, 1988–2013.

Product Group
1988 1994 2000 2005 2009 2013

% X % M % X % M % X % M % X % M % X % M % X % M

Fruits—Excluding Wine 62.5 0.0 67.7 0.7 67.9 0.6 58.2 0.9 55.3 1.1 50.7 1.7
Stimulants 26.1 0.0 13.0 0.4 8.0 0.2 7.7 0.6 9.2 0.4 12.2 0.7

Sugar & Sweeteners 6.3 8.4 2.4 15.7 3.2 3.2 4.8 4.7 1.3 3.1 0.5 3.1
Vegetable Oils 3.4 6.7 6.0 14.0 7.2 22.8 21.6 17.6 30.5 22.7 31.7 28.6

Cereals—Excluding Beer 1.6 84.2 10.0 63.8 9.4 69.3 4.6 71.5 1.9 68.4 2.6 61.5
Vegetables 0.0 0.0 0.1 0.1 0.4 0.3 0.5 0.4 0.4 0.9 0.6 0.8

Alcoholic Beverages 0.0 0.6 0.1 1.8 0.0 0.3 0.1 0.8 0.0 0.6 0.0 0.3
Pulses 0.0 0.0 0.1 2.2 0.6 2.9 1.1 2.7 0.3 1.8 0.4 2.0
Spices 0.0 0.0 0.0 0.2 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.2

Starchy Roots 0.0 0.0 0.1 0.0 0.7 0.0 0.8 0.1 0.5 0.2 0.2 0.2
Other * 0.0 0.0 0.4 1.2 2.6 0.3 0.8 0.5 0.6 0.6 1.0 1.0

* Include: Tree nuts, oil crops and miscellaneous. Source: [50].
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When analyzing the trade relationship with the CAN, as seen in Figure 4, Ecuador’s earlier
positive balance shifted to negative in 2010. This shift is due to the surge in imports from the region
(soy oil) and exports being more or less stable in the last years. Most of the exports to CAN are palm
oil (75.6%) and rice (9.1%), while imports from CAN consisted basically of soy oil (65.7%) and other
seeds oil (10.5%).

Sustainability 2017, 9, 2068  8 of 15 

 
Figure 3. Ecuador exports, imports and trade balance for food products with Europe (1012 kcal), 1988–
2013. 

When analyzing the trade relationship with the CAN, as seen in Figure 4, Ecuador’s earlier 
positive balance shifted to negative in 2010. This shift is due to the surge in imports from the region 
(soy oil) and exports being more or less stable in the last years. Most of the exports to CAN are palm 
oil (75.6%) and rice (9.1%), while imports from CAN consisted basically of soy oil (65.7%) and other 
seeds oil (10.5%). 

 
Figure 4. Ecuador exports, imports and trade balance for food products with Community of Andean 
Nations (CAN) (1012 kcal), 1988–2013. 

In the case of the trade with the USA, Figure 5 shows how Ecuador has maintained a positive 
balance since 2011, mainly due to the decrease in imports of cereals from that country in absolute 
terms, although in relative terms this item is still dominant. Exports to the USA in the year 2013 were 
dominated by bananas (48.6%), cocoa beans (26%) and plantain (9.4%), while imports from the USA 
were dominated by wheat (95.6%). Clearly, these differences between exported and imported products 
will be important to understand the terms of trade expressed in calories that are discussed below. 

Ecuador is a net importer of cereals, sugar and sweeteners and pulses, although after 2011 there 
seems to be a trend to reduce the imbalance for these products, particularly cereals. The country is, a 
net exporter of fruits (with bananas representing 86% of fruit exports according to FAO [50]) and 
became a net exporter of vegetable oils after 2005 (due to the expansion of oil palm plantations). 
Surprisingly, especially when considering potatoes are originally from the Andes, the country is 
reducing its positive balance for starchy roots and in the year 2013 it reached equilibrium, but with 
imports growing slowly and exports decreasing rapidly, so we can anticipate the country will become 

Figure 4. Ecuador exports, imports and trade balance for food products with Community of Andean
Nations (CAN) (1012 kcal), 1988–2013.

In the case of the trade with the USA, Figure 5 shows how Ecuador has maintained a positive
balance since 2011, mainly due to the decrease in imports of cereals from that country in absolute
terms, although in relative terms this item is still dominant. Exports to the USA in the year 2013 were
dominated by bananas (48.6%), cocoa beans (26%) and plantain (9.4%), while imports from the USA
were dominated by wheat (95.6%). Clearly, these differences between exported and imported products
will be important to understand the terms of trade expressed in calories that are discussed below.

Ecuador is a net importer of cereals, sugar and sweeteners and pulses, although after 2011 there
seems to be a trend to reduce the imbalance for these products, particularly cereals. The country is, a net
exporter of fruits (with bananas representing 86% of fruit exports according to FAO [50]) and became a
net exporter of vegetable oils after 2005 (due to the expansion of oil palm plantations). Surprisingly,
especially when considering potatoes are originally from the Andes, the country is reducing its positive
balance for starchy roots and in the year 2013 it reached equilibrium, but with imports growing slowly
and exports decreasing rapidly, so we can anticipate the country will become net importer soon.
In terms of food self-sufficiency, the country is shifting from high-quality carbohydrates (potato and
cassava) and vegetable protein (pulses) in favor of fats. This trade trend reflects in consumption
patterns, as we will argue.
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3.2. Caloric Unequal Exchange and the Relationship between Trade Patterns and Consumption

3.2.1. Existence of Caloric Unequal Exchange

Deepening the data analysis shown in Table 1, Figure 6 presents the cost in US dollars of one
million kcal exported and imported in real terms (left axis) and the ratio between the cost of the
exported calorie and the imported calorie (right axis), that is, an approximation to the terms of trade
measured in calories. The same explanation of axes applies to Figures 7–9. Ecuador still has positive
terms of trade in caloric terms, although the value is decreasing over time. The trend observed in the
figure is an increase in the cost of exported calories of 47% in the period, but a much higher increase in
the cost of imported calories over time (more than 400%), which implied a deterioration of the terms of
trade measured in calories, with a decrease of more than 250% in the period analyzed. Thus, Ecuador
is feeding the rest of the world at a lower relative cost over time, despite the recent boom in commodity
prices experienced worldwide.

Again, this result differs depending on the trading partner. Terms of trade are favorable to
Ecuador with respect to Europe, as seen in Figure 7, exporting expensive calories (banana, palm oil,
cocoa beans) and importing cheaper ones (wheat and barley). Nevertheless, there is a lot of volatility
in this variable and, since the year 2000, the ratio has been moving its value around 1.

In the case of the CAN, Figure 8 shows how with the exception of years 1991 and 1992 Ecuador
has negative terms of trade with the region. Imported calories (soy oil and other seeds oil) have been
more expensive than exported ones (palm oil, rice) for almost all years in the period.
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Finally, Figure 9 shows how the terms of trade experienced a shift with the USA in the year 1999
when it reached its peak. After that year the trend is for deteriorating terms of trade (130% between
1999 and 2013), despite the fact they are still very favorable to Ecuador, as it exports expensive calories
(banana and cocoa beans) and imports cheap ones (wheat).
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3.2.2. Concentration of Consumption

Our research also shows the degree of concentration of consumption in a few products, measured
in kcal, comparing 1961 and 2011 (see Table 4). This high concentration in a few products did worsen
in the period. Table 4 presents the cumulative calorie intake per product in year 1961 and 2011.
The number represents the ranking of that product in both years, for instance, sugar was the second
product in caloric terms in 1961 but the fourth in 2011. The table reads like this: in 1961 rice represented
12% of calorie intake, and rice plus sugar 23.9%, and so on. In the year 2011, rice represented 24%, while
rice and wheat 41.4%, and so on. Five products (rice, sugar, maize, banana and wheat) represented
52.7% of calorie intake in 1961, while the share went up to 71.1% in 2011 (with a change in composition:
rice, wheat, palm oil, sugar, soybean oil). When extending to 10 products, they represented 77.1% of
consumption in 1961 and 88.4% in 2011. Therefore, apart from a change in the diet, with a noticeable
increase in vegetable oils (soybean and palm) and a decrease in beans, cassava and potatoes, a large
fraction of consumption is concentrated in a very small number of products and this concentration is
increasing over time, reducing the variety of the diet in the country.

Table 4. Share of accumulated calorie intake in total consumption, per product, 1961–2011.

Number of Product Product % Cumulated
1961

% Cumulated
2011 Product

1 Rice (Milled Equivalent) 12.0 24.0 Rice (Milled Equivalent)
2 Sugar (Raw Equivalent) 23.9 41.4 Wheat and products
3 Maize and products 34.0 53.9 Palm Oil
4 Bananas 43.4 63.9 Sugar (Raw Equivalent)
5 Wheat and products 52.7 71.1 Soybean Oil
6 Plantains 59.3 78.3 Bananas
7 Potatoes and products 64.8 82.1 Plantains
8 Palm Oil 70.1 84.7 Maize and products
9 Cassava and products 73.8 86.8 Potatoes and products
10 Sugar non-centrifugal 77.1 88.4 Fruits, Other

Source: [50].

3.2.3. Loss of Self-Sufficiency

Despite being a net exporter country since 1991 (with the exception of 1998 and 2010), Ecuador
also depends on imports from other countries. In aggregated terms, Ecuador shows an overall loss of
self-sufficiency, notably due to cereals. The dependency on cereals is extremely high, with years in
which imports are even higher than consumption. This heavy dependency on imports to cover for
consumption is also found in pulses. Sugar and vegetable oils are rapidly increasing dependency as
well, whereas starchy roots and fruits maintain values close to self-sufficiency.

4. Discussion

As shown by Figures 6–9, Ecuador has experienced favorable terms of trade during the period
analyzed, with the exported calorie being more expensive than the imported calorie. However,
this result, apart from being different depending on the trading partner, is deteriorating over time,
leading us to conclude that there is a worsening of the terms of trade in caloric terms.

If we put together the fact that trade balance is increasingly positive in volume terms with the
deterioration of terms of trade, we can see how Ecuador is exporting ever-cheaper food products to
the rest of the world, making diets elsewhere more affordable. This affordability is also explained
by the fact that prices of those goods do not account for the environmental externalities they cause
locally. First, the products that are most exported, fruits (bananas) and palm oil, accounted for 82.4%
of the calories exported in 2013 (see Table 3). These products are basically monocultures, which have
environmental impacts attached to them and use large amounts of inputs [54,55]. Second, loss of soil
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and nutrients that escape along with volumes exported are not accounted for, as reported by some
authors [4] globally. These are two reasons for curbing optimism in Ecuador regarding food exports.

We have also observed that Ecuador faces a loss in food self-sufficiency. This is to say, that Ecuador
is increasingly feeding the world at the same time it losses sufficiency in certain products (e.g., cereals,
pulses, sugar and vegetable oil), which makes it more vulnerable. The loss in self-sufficiency
particularly, for vegetable oil is worth mentioning, as Ecuador is simultaneously both a net exporter
and importer of vegetable oil. The fact is the country exports palm oil whereas imports soy and
sunflower oil.

In our view, the reduced terms of trade over time are inducing changes in trade patterns, with more
calories being exported (Figure 1). These trade patterns have led to changes in productive patterns,
with production focusing on products for exports and not for the domestic market. This would explain
the apparent contradiction found according to which Ecuador is at the same time increasing its positive
trade balance for food products, but reducing its self-sufficiency for certain products. Accordingly,
as can be seen in Tables 2 and 4, the changes in dietary patterns are worsening the quality of the diet.
Richer food products such as cassava, potatoes and pulses are decreasing their share in consumption
in favor of export-oriented, massively produced products such as palm oil.

If we add the high concentration of consumption in a few products, as seen in Table 4, with an
astonishing 88.4% of calorie intake from only 10 products in 2011, we may interpret that the current
food production system in place in Ecuador (exports-oriented) and the current trade insertion of the
country, (giving incentives to monocultures), are not only negative in economic terms, as the country’s
dependency is increasing, but are also negative in health terms through the shifting to a diet richer
in fats and the decrease in its variety. It is our conjecture, subject to further research, that changes in
consumption are driven by changes in production. That is, export-oriented production renders some
products cheaper, therefore inducing their consumption. Production itself would be driven also by
international trade, trade insertion of Ecuador and terms of trade, as the country is producing more
food products for export, and this affects local availability of food products, reducing variety and
increasing concentration in calorie intake in less products over time.

5. Conclusions

This research has contributed to the debate on caloric unequal exchange by analyzing the case
of Ecuador. It also has contributed to understanding how changes in consumption patterns may be
induced not only by demand-side factors such as preferences or income, but may also be induced by
trade patterns and the international insertion of countries. This new approach helps to complement
existing analysis of food systems, so that new public policies can be envisioned at national and
international level.

Ecuador has increased its exports sevenfold in the 25-year period analyzed in terms of calories.
Imports grew as well, but the overall balance has tripled in the period. The conclusion is that Ecuador
is increasingly helping to feed the world at a cost to calories that are decreasing over time. There is
an overall loss of self-sufficiency mainly due to cereals, with years in which imports are even higher
than domestic consumption. Dependency is also increasing for sugar and vegetable oils. The unequal
caloric exchange is deepening dependency, deteriorating the trade balance over time and shifting the
diet towards a diet richer in fats.

We have found that there is a deterioration of the terms of trade of traded food in terms of calories
for Ecuador of more than 250% between 1986 and 2013. This goes along with an increased volume
(and value) of exports, which increased by a factor of 4.3 (and 7.9).

A side result found in this study, is that of the homogenization of diets; that is, a concentration
of consumption in just a few products, which are, effectively, the most traded around the world.
In fact, in the year 2011, only three products (rice, wheat and palm oil) accounted for 54% of calorie
consumption, while 10 products accounted for 88.4%. From a nutritional point of view, this result
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also has implications, as we observed how consumption of oils and fats grew faster than that of other
products at the expenses of cereals, pulses, and roots and tubers.

The differences found for caloric unequal exchange by partner, justify a change in Ecuador’s food
trade policy towards a double objective: (1) to focus on those markets where there are better terms of
trade (i.e., the USA) and (2) to promote changes in production patterns so that more land is allocated
to products substituting imports at the expenses of export-oriented production, which would bring
not only benefits from a balance of payments perspective, but also in terms of food sovereignty. As we
have seen, this change in production patterns would have, eventually, effects on dietary composition.

As advanced in Section 4, future research could follow two different lines: (1) to explore the
causality conjectured by us that states that traded food products would determine what is produced.
Thus, production would render some food products cheaper, inducing changes in consumption
patterns that imply less variety in the diet; and (2) to go beyond the use of calories and analyze trade,
terms of trade, and dietary variety also in terms of macronutrients, so that caloric unequal exchange
can be used as a bridge between food policies (production and trade) and health policies (nutrition).

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/9/11/2068/s1,
Table S1: CUEE Data.xlsx which includes all the data and references for both figures and tables in the paper.
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