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Abstract

Increasing international crop trade has enlarged global shares of cropland, water and fertilizers used to
grow crops for export. Crop trade can reduce the environmental burden on importing countries,
which benefit from embedded environmental resources in imported crops, and from avoided
environmental impacts of production in their territory. International trade can also reduce the
universal environmental impact of food production if crops are grown where they are produced in the
most environmentally efficient way. We compared production efficiencies for the same crops in the
US and Mexico to determine whether current crop trade between these two countries provides an
overall benefit to the environment. Our economic and environmental accounting for the key traded
crops from 2010 to 2014 shows that exports to Mexico are just 3% (~16 thousand Gg) of the total
production of these crops in the US, and exports to US represent roughly 0.13% (~46 Gg) of Mexican
total production of the same crops. Yields were higher in US than Mexico for all crops except wheat.
Use of nitrogen fertilizer was higher in US than in Mexico for all crops except corn. Current trade
reduces some, but not all, environmental costs of agriculture. A counterfactual trade scenario showed
that an overall annual reduction in cultivated land (~371 thousand ha), water use (~923 million m?),
fertilizer use (~122 Gg; ~68 Gg nitrogen) and pollution (~681 tonnes of N,O emissions to the
atmosphere and ~511 tonnes of leached nitrogen) can be achieved by changing the composition of
food products traded. In this case, corn, soybeans and rice should be grown in the US, while wheat,
sorghum and barley should be grown in Mexico. Assigning greater economic weight to the
environmental costs of agriculture might improve the balance of trade to be more universally

beneficial, environmentally.

1. Introduction

Global food supply has increased over the past 50 years,
primarily due not to increasing national self sufficiency,
but to increasing international food trade [1]. Currently,
approximately 23% of the food produced for human
consumption is traded internationally [2], using nearly
20% of global cropland [3, 4]. Globalization of food trade
increases the disconnect between food consumption and
production [2, 5, 6] as well as the disconnect between
food consumption and the environmental impact of
production [7]. Because food imports embody land
[3, 8] and water [9, 10], international food trade indicates
that importing countries are dependent on natural
endowments elsewhere [6, 11-13].

In an increasingly globalized world, trade patterns
can change the environmental costs of agriculture, as
well as who bears these costs [14]. In international
crop trade, the benefits received by the importing
country include locally avoided environmental costs
of production in addition to the actual crops traded.
Pursuing sustainable global food production [15-17]
suggests that we must monitor farming practices [18],
including water management [2, 9], and fertilizer
usage [7] taking into account the possible environ-
mental trade-offs [19]. International trade implies that
this monitoring take into account the ways that trade
between nations changes the overall environmental
price of agricultural production in addition to the
costs incurred in each trading country.

©2016 IOP Publishing Ltd
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While international food trade is clearly part of
the solution to meeting increased food demand,
especially given the environmental and climatic
challenges to food production faced by many regions
[20, 21], it remains unclear whether this trade will
ultimately increase or decrease the environmental
impact of agriculture, globally or in any particular
location. Displacements of environmental pressures
through trade may carry environmental benefits:
trade can lead to environmental optimization by
benefiting from comparative advantages in terms of
production technologies or natural endowments
[22]. International agricultural trade can be envir-
onmentally beneficial when countries import from
places where production is more efficient, such as
from higher yielding countries [3], or from countries
where water [23] and fertilizer [24] are used more
efficiently. However, this global environmental ben-
efit can come at the expense of local environments
[24, 25]. For instance, one quarter of all agricultural
phosphorus (P) fertilizer is used in US to produce
crops for export, which both depletes phosphate
rock reserves in the country [26] and pollutes its
waterways [27, 28]. Similarly, approximately 13% of
agricultural atmospheric emissions of ammonia
(NHj3) in the US comes from crops grown for export,
leading to considerable negative impacts on human
health and ecosystems [29].

Before free trade was formalized in North America
in 1994, scientists predicted that Mexico would
increase its crop production and wondered whether
the local environment there would be compromised
[30]. But the actual results for international trade and
the environment remain unclear. Some show that
trade can benefit the environment in some ways
[31, 32], while others show that trade harms the
environment in other ways [33].

Here, we use bilateral trade between US and
Mexico as a case study to investigate the local and
global benefits and costs of agricultural trade. The
US, a net exporting country, produces 60% of world
corn exports and about 25% of world wheat exports
[34]. In the case of US—Mexico trade, corn, wheat,
soybeans, sorghum, rice and barley account for 70%
of all crops exported from US to Mexico (by US$)
[35], even though Mexico also produces these same
crops locally [36]. We ask: (1) is crop trade between
US and Mexico environmentally efficient? That is,
does it use less water and fertilizer, and produce less
pollution, to export these six crops between the US
and Mexico under the current dynamic? And (2) are
there alternative scenarios to the current trade
dynamic that have less environmental impact and
more economic benefits? We use trade between the
US and Mexico as a model system to more broadly
understand the implications of trade on the
environment.

P Letters

2. Methods

Our analysis is based on the United Nations System of
Economic and Environmental Accounting Frame-
work, SEEA [37] and its satellite version developed by
FAO for Agriculture, SEEA-Agri [38]. The SEEA
framework is comparable to the System of National
Accountings but its scope is broader because it
includes environmental variables measured in physi-
cal units—not only economic variables measured in
monetary values. The SEEA-Agri is a flexible input—
output model that allows building-up tables consider-
ing the inputs from the environment in the economy
as well as the effects of the agricultural sector on the
environment, which ultimately facilitates the evalua-
tion of the policies affecting sustainability of agricul-
ture. Following the SEEA-Agri approach, we
combined economic variables (such as producer and
export prices) with environmental variables reported
in different physical units (m> of water, ha of land, tons
of crops, kg of fertilizers and pollutant emissions) to
gather, report and compare data on how much of the
land, water and fertilizers are needed to grow crops for
exports, and estimate some of the environmental
negative impacts.

Our analysis comprised three main steps. First, we
completed an environmental and economic account-
ing of the production of selected crops exported from
the US to Mexico. Second, we compared the efficiency
of production of one tonne of each selected crop in
each country. Finally, we developed counterfactual
trade scenarios to identify the combination of exports
and locally grown crops that would bring the least glo-
bal environmental costs. All analyses were completed
using average values from 2010 to 2014 for the main
crops exported from US to Mexico such as corn,
wheat, soybeans, sorghum, rice and barley [35]. These
six crops are produced in both countries and exported
to one another; therefore we included analyses for
exports from US to Mexico as well as exports from
Mexico to the US. Because we used international
aggregate databases, some details about quality and
uses of selected crops were not able to be included; thus
we considered crops generically, and assumed that
import substitution was broadly feasible in terms of
crops uses and consumption. Regarding production,
we assumed that if crops were reported as grown in the
same area or territory the production substitution to
grow other crops was feasible. For instance, cultivated
land used to grow corn in Mexico was considered sui-
table to grow wheat, assuming soil suitability and
farmers knowledge to change crop production.

2.1. Economic and environmental accounting

We gathered economic and environmental data
related to exports of selected crops of US and Mexico
(table 1). The values from this accounting were the
base for the trade-scenarios.
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Table 1. Summary of the description, data sources and formulae for estimation of concepts comprising the economic and environmental
accounting. The right column includes the economic and environmental or physical units used to report the values in the accounting tables 2

and 3.

Description, data source, and formulae Units

Export quantity of each crop from UN Comtrade [36] kg

Exportvalue of each crop from UN Comtrade [36] US$

Export share from total production estimated using export quantity from UN Comtrade [36] and total production from FAO- %
STAT [39], Kg of export/total Kg produced

Mexico’s domestic consumption of imports from US estimated using Mexico’s national production from FAOSTAT [39], %
imports from US and total exports from UN Comtrade [36], imports/domestic consumption; where domestic con-
sumption = national production + imports — exports

Land estimated converting kg to tonnes of export quantity from UN Comtrade [36] and using yield rates (tonne/ha) per crop per ha
country from FAPRI [40] for corn, wheat, soybeans, sorghum and barley; from FAOSTAT [39] for rice (average estimated with
available data 2006-2010), Tonnes exported/(tonne/ha)

Water use estimated using hectares and water consumption per crop per country—available data (2002) used constant for all series m’
of years from Hoekstra and Hung [41], Hax (m’ha™")

Fertilizers estimated use of nitrogen, phosphate and potash, using land (as estimated above) and application rates per crop per Kg

country from FAPRI [40], land (ha) x (kg ha 1)

Pollution from nitrogen fertilizer estimated with total applied nitrogen (N) fertilizer (kg) and using the IPCC [42] formulae for I) ~ Kg
volatilized nitrous oxide (N, O, Kg applied N x 1%) and (II) N lost by leaching or runoff (Kg applied N x 0.75%)

2.2. Production efficiencies comparisons

Because the US and Mexico produce, export, and
import the same crops, we can compare the relative
production efficiencies in each country to assess the
least environmentally damaging country in which to
grow each crop. We estimated the resources needed in
the US and in Mexico to produce one tonne of each
crop. We considered as economic resource the average
producer price (US$/tonne)—described by FAO as
prices received by farmers, available from FAO [39]—
as a way of knowing where is cheaper to produce crops
independently to the export value. We compared
environmental resources use linked to crop produc-
tion such as land (ha) needed in each country based on
typical yields reported by FAPRI [40], and water
consumption (m’) using data from Hoekstra and
Hung on national level water consumption per crop
[41]. In addition, we compared use of fertilizers (kg)
using application rates (kgha ') for nitrogen, phos-
phate and potash for each crop using data available
from FAPRI [40].

2.3.Trade scenarios

We estimated the economic costs—using producer
prices and export value of crops-, as well as the amount
of land, water, and fertilizers required, along with
pollution from nitrogen fertilizer, in three scenarios to
understand which trade combinations might lead to
the least negative environmental effects of agricultural
production in each country, and across both countries
combined. The full-trade scenario comprised actual
quantities of crop exports. The no-trade scenario
assumed that all crops required were grown locally in
what would currently be the importing country. The
partial-trade scenario showed that, with a combina-
tion of imports and locally-grown crops, some envir-
onmental costs could be avoided. In this scenario, we
assumed that each crop was grown in whichever had

the lowest environmental cost, while those with
greater environmental costs of local production were
imported. We based the composition of trade on the
results from production efficiency. We separately
estimated a set of scenarios for US exports and for
Mexico exports. Trade scenarios for US exports to
Mexico considered the annual average quantity of crop
exports reported in the economic and environmental
accounting—which in this case was 16 108 Gg of
crops. For the case of trade scenarios for Mexico
exports to the US the annual average exported quantity
of crops was 46 Gg.

3.Results

3.1. Current state of trade between the US and
Mexico and its implications

On average, each year, the US exported 16 108 Gg of
corn, wheat, soybeans, sorghum, rice, and barley to
Mexico, obtaining ~US$ 5.2 billion as export revenue
(table 2). Just over 8 338 Gg (52%) of this was corn.
This accounts for only 3% of the total production of
these crops in the US To produce these crops, the US
harvested approximately 3.1 million hectares, con-
suming ~11.1 billion m’ of water, and applying
~525000 tonnes of fertilizers. Half of this fertilizer
was nitrogen, causing around 2200 tonnes of leached
nitrogen and 2900 tonnes N,O emissions to the
atmosphere. This represents ~32% of Mexico’s con-
sumption of these crops, indicating a level of depend-
ence on imports from the US.

Mexico exported to US an annual average of
~46 Gg of the same crops (67% of which was corn),
obtaining ~US$ 22.9 million as export income
(table 3). This is roughly 0.13% of Mexico’s total pro-
duction of these crops. To produce these crops, Mex-
ico harvested around 12 000 hectares and consumed
~45 million m” of water. Approximately 1400 tonnes

3
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Table 2. The economic and environmental accounting comprises average values from 2010 to 2014, for exports from US to Mexico This
table represents the actual state of the export trade of crops, in economic terms (US$) and in environmental units (land and water), as well as

the use of fertilizers with the consequent impact on the environment.

The percentage of exports to Mexico from total US production shows

the market share of each crop and total. The percentage of imports from total consumption in Mexico shows the dependence on crops from

US to complete crops supply in that country.

Economic accounting
Dollars (Million % of exports to MX from total US % of imports from US from MX total
Quantity (Gg) US$) production consumption
Corn 8338 2210 2% 27%
Wheat 2642 806 5% 46%
Soybeans 2908 1515 3% 96%
Sorghum 1352 354 14% 16%
Rice 823 343 8% 76%
Barley 45 16 1% 6%
TOTAL 16 108 5244 3% 32%
Environmental accounting
Fertilizers (Tonnes)

Nitrogen Phosphate Potash TOTAL

Corn 146 468 49 093 58 585 254 146
Wheat 78 661 31031 12 143 121 835
Soybeans 5317 20101 31072 56 490
Sorghum 41235 9628 6057 56 920
Rice 25 866 4414 4505 34786
Barley 1047 252 62 1361
TOTAL 298 595 114 519 112 424 525538

Land (thousand ha) Water (million m®) N leaching (Tonnes) N,O emissions from N fertilizer

(Tonnes)

Corn 824 2610 1099 1465
Wheat 901 3372 590 787
Soybeans 979 3328 40 53
Sorghum 325 837 309 412
Rice 106 916 194 259
Barley 12 43 8 10
TOTAL 3146 11 105 2239 2986

of fertilizers were applied to grow these crops, of which
~75% was nitrogen. Our models estimated that this
caused ~9.6 tonnes of leached nitrogen and ~12.7
tonnes of N,O emissions to the atmosphere.

3.2. Why trade is mostly from the US to Mexico

In the international crop trade, the US is a net
exporter. From the total production, the US exports to
the world 12% of corn, 51% of wheat, 46% of
soybeans, 41% of sorghum, and 36% of rice (average
values from 2010 to 2013, [39]). On the other hand,
the US imports from the global market only the
equivalent to 0.5% of corn, 4% of wheat, 0.7% of
soybeans and sorghum, 7% of rice and 8% of barley
(average values from 2010 to 2013, [39]) of its total
consumption.

Under the North American Free Trade Agreement
(NAFTA), Mexico and the US have eliminated all trade
tariffs and quantitative restrictions on importing and
exporting agricultural goods [43]. Even though free
trade is granted in both directions, the US has both an
economic and environmental advantage in growing

the crops in our analysis, which lead it to be a stronger
exporter than Mexico.

One important economic advantage for the US
over Mexico is its capacity to provide agricultural sub-
sidies that allow the US to export agricultural products
at prices below the cost of production (defined by
World Trade Organization as dumping). The dumping
margins (the percentage of export prices below pro-
duction cost) between the US and Mexico were 19%
for corn, 12% for soybeans, 34% for wheat, and 16%
for rice [44]. From 2010 to 2014 the cumulative repor-
ted agricultural support in the US was approximately
US$ 327 311 million, and only US$ 31 325 million in
Mexico [45]. This is equivalent to ~US$ 400 per hec-
tare of agricultural land per year in the US and ~US$
225 per hectare in Mexico per year.

Some important environmental advantages for the
US over Mexico are the amount of available agri-
cultural land and the quantity of freshwater available
for agriculture relative to Mexico. The US reports
155.1 million hectares of arable land, while Mexico
reports just 23.1 million hectares [46]. From 2005 to

4
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Table 3. The economic and environmental accounting comprises average values from 2010 to 2014, for exports from Mexico to US. This
table represents the current trade state regarding to the export of crops, in economic terms (US$) and in environmental units (land and
water), as well as the use of fertilizers with the consequent impact on the environment. The percentage of exports to Mexico from total
production shows the market share of each crop and total.

Economic accounting
Quantity (Gg) Dollars (Million US$) % of exportsto US from total MX production
Corn 31 17 0.13%
Wheat 12 5 0.31%
Soybeans 0.04 0.05 0.04%
Sorghum 1 0.3 0.02%
Rice 1 1 0.52%
Barley 0.2 0.1 0.03%
TOTAL 46 23 0.13%
Environmental accounting
Fertilizers (Tonnes)
Nitrogen Phosphate Potash TOTAL
Corn 1016 75 19 1110
Wheat 225 14 7 245
Soybeans — 0.8 0.7 1.4
Sorghum 4 0.2 — 5
Rice 29 6 7 42
Barley 0.7 0.03 34 34
TOTAL 1275 96 67 1438
Land (thousand ha) Water (million m3) N leaching (Tonnes) N,O emissions from N fertilizer (Tonnes)
Corn 9 32 8 10
Wheat 2 9 2 2
Soybeans 0.03 0.1 — —
Sorghum 0.4 1.3 0.03 0.04
Rice 0.3 2.1 0.2 0.3
Barley 0.1 0.3 0.01 0.01
TOTAL 12 45 10 13

2014, Mexico had ~3300 m> of renewable freshwater
flows per capita, while US had more than double that
amount, nearly 8900 m’ per capita [47]. These natural
endowments give considerable advantage to US for
growing and exporting water- and land-intensive
crops.

3.3. Comparing production efficiencies between US
and Mexico

Producer prices were lower in US than in Mexico for
all selected crops except rice (figure 1(a)). Yields were
higher in the US for all crops except for wheat
(figure 1(b)). The largest difference in yields between
the countries was that of corn. Aligned with yields,
the amount of land required to produce one tonne of
each crop was higher in Mexico (except for wheat).
Soybean, the crop with the lowest yield in Mexico,
required almost double the land needed to grow
soybean in the US (figure 1(c)). The consumed water
was higher in Mexico for all crops except for wheat.
In both countries, soybeans consumed the most
water (figure 1(d)). Quantities of nitrogen used were
higher in US for all crops except for corn
(figure 1(e)). The amount of phosphate application

was also higher in US for all crops, except for
soybeans (figure 1(f)). Quantities of potash fertilizer
were also higher for all crops in US, except for
soybeans, which received more fertilizer in Mexico
(figure 1(g)). Finally, all crops received more fertili-
zer in US than in Mexico, with the exception of corn
and soybeans (figure 1(h)).

Production efficiency comparisons highlight the
least environmentally damaging country in which to
grow each crop (table 4). To produce one tonne of corn
in Mexico required 200% more land, 225% more water,
and 86% more nitrogen than in the US; to produce one
tonne of soybeans in Mexico required 93% more land,
158% more water, 169% more phosphate, and 51%
more potash than in the US; and, to produce one tonne
of rice in Mexico required 60% more land, 49% more
water and 4% more potash than in the US. Thus,
because Mexico required more resources (land, water,
and fertilizers) to produce corn, soybeans, and rice, the
environmentally least damaging option is to grow these
crops in the US and export them to Mexico. On the
other hand, wheat, sorghum, and barley were produced
with fewer inputs in Mexico. To produce one tonne of
wheat in the US required 45% more land, 40% more
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Figure 1. (a)—(h) Production efficiency comparisons to produce selected crops. Blue bars refer to costs to produce one tonne of crops
in the US; red bars refer to the costs to produce one tonne of crops in Mexico. The figures 1(e)—(h) depict the rate of fertilizer usage per
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water, 38% more nitrogen, 90% more phosphate, 88%
more potash than in Mexico; to produce one tonne of
sorghum in US required 90% more nitrogen, 98% more
phosphate, and 100% more potash than in Mexico; and,
to produce one tonne of barley in the US required 86%
more nitrogen, 97% more phosphate, and 100% more
potash than in Mexico.

3.4. Trade scenarios

The first set of trade scenarios considered exports
from the US to Mexico (table 6). The full-trade
scenario showed the state of trade as it exists today—
the actual quantities of crops traded, amount received
in return as export income, and use of resources as is in
the economic and environmental accounting. The no-
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Table 4. This table shows in numbers the differences in production requirements for each input and each crop in the US and Mexico to
produce one tonne of each crop. In this table the values for the US are subtracted from the values for Mexico to identify the economic and
environmental benefits or costs. The third line for each crop contains positive and negative results. The positive results show when the US
has higher producer prices and yields; or has higher environmental inputs requirements (land and water), as well as higher use of fertilizers.
The negative results show when the economic and environmental costs are higher in Mexico.

DIFFERENCE US—MX (to produce ONE TONNE of each crop, avg 2010-2014)

Prod. Price” Yield Land Water Nitrogen Phosphate Potash Total fertilizer
US$ Tonne ha™' Ha m’ Kg Kg Kg Kg
Corn UsS 183 10.1 0.1 313 18 7 31
MX 247 3.4 0.3 1017 33 2 1 36
(65) 6.8 0.2) (704) (15) 4 6 (5)
Wheat US 228 29 0.3 1276 30 12 5 46
MX 248 5.3 0.2 761 18 1 1 20
20) (2.4) 0.2 515 11 11 4 26
Soybeans uUS 393 3.0 0.3 1144 2 7 11 19
MX 410 1.5 0.6 2952 0o° 19 16 35
(17) 1.4 0.3) (1807) 2 (12) (5) (15)
Sorghum uUS 169 4.2 0.2 626 31 7 5 42
MX 200 3.8 0.3 947 3 0.2 o° 3
31 0.3 (0.0) (321) 27 7 5 39
Rice uUS 314 7.7 0.1 1113 31 5 5 42
MX 265 4.8 0.2 1654 22 5 6 33
48 2.9 0.1) (542) 9 0.4 0.2) 10
Barley uUS 214 3.7 0.3 970 24 6 1 31
MX 253 2.5 0.4 1261 3 0.2 o° 3
39) 1.2 0.1) (291) 20 6 1 27
TOTAL US 1501 31.6 1 5441 135 43 34 211
MX 1624 21.4 2 8592 79 27 23 130
(123) 10.2 o) (3151) 56 16 11 82

* Producer prices are average 2007-2011 from FAOSTATS [39].

" Mexico does not apply nitrogen to soybeans production nor potash to sorghum and barley production, according to data source FAPRI

[40].

trade scenario, in which no crops are traded, showed
that Mexico would spend US$ 4.4 billion to produce
in-country those crops that are normally imported,
rather than US$ 5.2 billion to purchase them from the
US, (a difference of US$ 835 million per year) (table 5).
To do this, Mexico would need 5.4 million ha of new
cultivated land, which is 2.2 million ha more than the
land currently used in the US, to grow these crops.
Mexico would also require an additional 21.8 billion
m’ of water—10.7 billion m’> more water than is
required to grow these same crops in the US. In
comparison to the US, Mexico would need less
phosphate (32229 tonnes); but more nitrogen,
(340 723 tonnes in total—42 129 tonnes more than
the US) to grow these crops and this would result in
greater N,O emissions to the atmosphere (3407 tonnes
in total—421 tonnes more than in the US). Addition-
ally, more nitrogen leaching would occur (2555 tonnes
in total—316 tonnes more than in the US). The
partial-trade scenario, in which Mexico produced
wheat, sorghum and barley locally and imported all
other crops, offered the most environmental advan-
tages. This would benefit the region overall (figure 2)
by requiring the least total amount of land (365
thousand ha less than in full-trade scenario) and
having the lowest water consumption (~900 million

m? less than full-trade scenario). It also avoided
application of ~122 thousand tonnes of fertilizers
(~67.6 thousand tonnes of nitrogen) and ~677 tonnes
of avoided N,O emissions to the atmosphere along
with ~508 tonnes of avoided nitrogen leaching.

The second set of trade scenarios referred to
exports from Mexico to the US (table 7). As previously,
the full-trade scenario showed the actual current trade
situation. The no-trade scenario showed that to pro-
duce the 46 Gg crops currently imported from Mex-
ico, the US would spend US$ 9.16 million, rather than
US$ 22.9 million to purchase them (a difference of US
$ 14 million yr ") (table 5). The US would need less
land (around 7600 ha in total—4600 ha less than Mex-
ico) and less water (27.3 million m® in total—17.3 mil-
lion m?> less than Mexico). In comparison to Mexico,
to produce the same crops the US would need more
fertilizers (1643 tonnes in total, 239 tonnes more Mex-
ico)—including 344 tonnes of phosphate (249 tonnes
more than Mexico) and 296.4 tonnes of potash (263
tonnes more than Mexico). The partial-trade scenario
(US produced locally all corn, soybeans and rice nee-
ded, and Mexico exported to US only wheat, sorghum
and barley) showed some environmental benefits.
This hypothetical scenario would benefit the region by
using ~22 million m® less water and avoiding the

7
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Table 5. Economic trade-scenario comparisons for exports between US and Mexico (annual average values from 2010 to 2014). In the full-
trade scenario column, the data represent the total value of crop exports at export price at the exporting country; the no-trade scenario
column reports data of the imported quantities value of crops at producer prices in the importing country; the partial-trade scenario column
includes data of a combination of both previous trade-scenarios. The green columns on the right include data on the economic benefits from
partial-trade scenario, which are benefits for the importing countries but an economic loss for the exporting country.

Scenarios
Benefits from Benefits from partial-
Full-trade No-trade Partial-trade no-trade scenario trade scenario

Exports from

U.S. to Mexico
Exports from

Mexico to U.S.
Exports from both

U.S. and Mexico

Table 6. Trade-scenario comparisons for selected crops exported from US to Mexico (annual average values from 2010 to 2014) relative to
environmental variables. The two columns on the right in green show the counterfactual savings in resource use and environmental costs.

Environmental Variables

Scenarios
Partial-trade
Benefits from Benefits from partial-
Full-trade No-trade US MX Total no-trade scenario trade scenario

Quantity (Gg) 16108 16108 12069 4038 16108 [
Land (1000ha) 3146 5421 1909 872 2781 2275 —365

Water (Million m’) 11109 21853 6853 3355 10208 [0ZAANESGI
Nitrogen (Tonnes) 298 594 340 723 177 651 53266 230918 42129 —67 676

Phosphate (Tonnes) 114519 82290 73608 3235 76843 [ES2BZONNNIININESTe7eNN
Potash (Tonnes) 112 423 59 077 94 162 1446 95 608 —53 346 —16 815

Total Fertilizer (Tonnes) 5255870021099 1345422 11157.947 03 5651 ST
N,0 Emissions (Tonnes) 2986 3407 1777 533 2309 421 —677

N Leaching (Tonnes) 23 2555 1332 39 1732 GGG

application of ~426 tonnes of nitrogen (with the con-
sequent ~4.2 tonnes of avoided N,O emissions to the
atmosphere and ~3.2 tonnes of avoided nitrogen lea-
ched per year). In figure 3, 100% of nitrogen equals
1275 tonnes, while 100% of phosphate equals 95.5
tonnes and 100% of potash equals 33.6 tonnes, there-
fore in the partial-trade scenario 426 tonnes of nitro-
gen are avoided, even though 330 tonnes of phosphate
and potash are increased (the trade-off brought 96
tonnes of avoided nitrogen).

With a partial-trade scenario in both countries,
there would be an annual global environmental saving
ofland (~371 thousand ha), water (~923 million m?),
and fertilizers (~122 thousand tonnes)—of which ~68
thousand tonnes would be nitrogen, ~37.5 thousand
tonnes would be phosphate and ~16.6 Gg would be
potash, along with ~681 tonnes of N,O emissions to
the atmosphere and ~511 tonnes of leached nitrogen.
To achieve this, corn, soybeans and rice should be pro-
duced in the US and wheat, sorghum and barley in
Mexico. While most of the environmental impacts

would occur in the US, some would also occur in
Mexico (table 8). Approximately 70% of the total land
and water used to grow these crops would be used in
the US, along with ~86% of total fertilizers.

4. Discussion

We aimed to determine whether international trade
between US and Mexico between 2010 and 2014 was
environmentally efficient. That is, did trade reduce the
overall environmental cost of food production? Our
results showed that trade reduces environmental costs
relative to the situation in which both countries
consume only food grown in-country. If Mexico
produced all the crops it currently imports from US,
more land, more water, and more fertilizers would be
required. If US produced locally all crops currently
imported from Mexico, more nitrogen fertilizer would
be required. Additionally, our results showed that
there are alternative trade models that would carry
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Figure 2. This graph depicts the trade-scenario comparisons for selected crops exported from US to Mexico. The green bars represent
the partial-trade scenario values relative to the full-trade scenario; blue bars represent the full-trade scenario (as the actual current
state, they are always 100%); red bars represent the no-trade scenario relative to the full-trade scenario. Any percentage smaller than

100% 150% 200%

Table 7. Trade-scenario comparisons for selected crops exported from Mexico to US (annual average values from 2010 to 2014) relative to
environmental variables. The two columns on the right in green show the counterfactual savings in resource use and environmental costs.

Environmental Variables

Scenarios
Partial-trade
Full- Benefits from Benefits from
trade No-trade US MX Total no-tradescenario partial-trade scenario
Quantity (Gg) s a6 2 w46
Land (1000ha) 12 8 3 3 6 -5 —6
Water (Million m) sz 2oon » SR

Nitrogen (Tonnes) 1275 1002 618 230

Phosphate (Tonnes)

Potash (Tonnes) 34 296 238 7
Total Fertilizer (Tonnes)

N,0 Emissions (Tonnes) 13 10 6 2
N Leaching (Tonnes)

even lower regional environmental costs. If the US and
Mexico continued trading, but each country specia-
lized in those crops it can produce most efficiently, we
would expect to use less land, less water, and less
fertilizers mainly nitrogen and the consequent reduc-
tion of N,O emissions nitrogen leaching.

The downside of the alternative trade composition
—presented here as the partial-trade scenario—is that
countries would decrease their export activity and
increase their local production; therefore, both coun-
tries would diminish their revenue from exports.
This result quantifies, and supports, earlier sugges-
tions that there are existing trade-offs between

economic and environmental benefits of agricultural
production [48].

Our results supported the idea that food trade can
contribute to global water savings [23]. The US has
much greater water availability per capita than Mex-
ico [47], and it is more efficient user of water per hec-
tare of irrigated land [49] as well. It thus has a
considerable advantage as a net exporter [4] of water-
intense crops. Our results for corn also supported ear-
lier results showing that countries often import from
countries with higher yields [3], or higher efficiency in
fertilizer usage [24]. Nevertheless, wheat showed the
opposite results. Despite enjoying considerably
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Figure 3. Trade-scenarios comparisons for selected crops exported from Mexico to the US. The green bars represent the partial-trade
scenario values in percentage relative to the full-trade scenario; blue bars represent the full-trade scenario (as the actual current state,
they are always 100%); red bars represent the no-trade scenario relative to the full-trade scenario. Any percentage smaller than 100%
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Table 8. Trade-scenario comparisons for selected crops exported from US to Mexico plus exported crops from Mexico to US (annual
average from 2010 to 2014) relative to environmental variables. The two columns on the right in green show the counterfactual savings in

resource use and environmental costs.

Environmental Variables

Scenarios
Partial-trade
Benefits from Benefits from partial-
Full-trade  No-trade US MX Total no-trade scenario trade scenario

Quantity (Gg) 154 1614 12100 402 [
Land (1000ha) 3158 5429 1912 875 2787 2270 —371
e
Nitrogen (Tonnes) 299 869 341725 178270 53496 231766 41 856 —68 103
Phosphate (Tonnes)  [IAGISIINE2ESINZASONNSENNZ08 N I
Potash (Tonnes) 112 457 59 373 94 400 1452 95 852 —53 083 —16 604
Total Fertilizer

(Tonnes)
N,0 Emissions 2999 3417 1783 535 2318 419 —681

(Tonnes)
N Leaching (Tonnes)  B2A0NNN2563 SO s —

higher yields, and reduced use of water and fertilizers,
Mexico still imported from the US a significant quan-
tity of wheat. Most likely, economics is driving this
trade pattern: it remains cheaper to produce wheat in
the US than in Mexico, despite the need for more
inputs. This supports earlier studies that show that
that prices of food production can be disconnected
from the environmental dimension [4], often because
agricultural subsidies decrease production prices
while encouraging the intensification of inputs (such
as fertilizers) [50].

Incentives for agriculture such as subsidies create
trade distortions along with negative externalities to
the environment. Trade, rural subsidy regimes and
production incentives have promoted land and water
environmental stress [51] by increasing the use envir-
onmental assets (such as land) and the input use (such
as fertilizers) creating environmental imbalances. Eco-
nomic incentives can sometimes create market failures
that promote the overuse of natural resources in places
where it does not necessarily make sense to do so.
Trade policies that could create an efficient allocation
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barley) the partial-trade scenario may be feasible.

Figure 4. The maps show in what states of Mexico farmers cultivate the selected crops in 2014 [52]. We observe that corn is grown in
all Mexican territory, therefore if land used to grow corn is hypothetically used to grow other crops (such as wheat, sorghum and

Table 9. Amount and proportion of use of land, water and fertilizers
(and environmental pollution from nitrogen use) used in the par-
tial-trade scenario comprising trade of selected crops between US
and Mexico.

Total global partial-

trade Us MX
Quantity (Gg) 16 154 75%  25%
Land (Thousand ha) 2787 69%  31%
Water (Million m®) 10 231 67%  33%
Nitrogen (Tonnes) 231 766 77%  23%
Phosphate (Tonnes) 77 058 96% 4%
Potash (Tonnes) 95 852 98% 2%
Total Fertilizer (Tonnes) 404 676 86%  14%
N,O Emissions (Tonnes) 2318 77%  23%
N Leaching (Tonnes) 1738 77%  23%

of production would, by necessity, reflect the real eco-
nomic and environmental cost of production.

Our results for the other crops we studied high-
lighted trade-offs between cropland efficiency (yield)
and fertilizer use efficiency. That is, we observed that
US has higher yields for all crops except wheat but
requires more fertilizers to achieve this yield. Thus,
decisions to prioritize land use efficiency would reduce
fertilizer use efficiency and vice versa. There is no
overall environmentally better trade pattern for both
fertilizer use and land use.

Our results further showed that the best way to
minimize the overall environmental cost is to specia-
lize in the production of those crops where they are
more efficiently grown, requiring less land, water and/
or fertilizers. In the alternative trade scenario with the
least environmental costs, the US would need to pro-
duce, export and consume locally (instead of import-
ing from Mexico) corn, soybeans and rice. On the
other hand, Mexico would need to produce, export
and consume locally (instead of importing from US)
wheat, sorghum and barley.

In the hypothetical case that the US produces locally
the corn, soybeans and rice imported from Mexico
(approximately 32 Gg), it would require around 10
thousand hectares of land, which are equivalent to just
0.3% of the more than 3 million hectares dedicated to
produce crops for exports to Mexico [46].

In the case of growing wheat, sorghum and barley
in Mexico instead of importing these products from
the US it would require approximately 850 thousand
hectares of land. Data shows that wheat, sorghum and
corn are produced in almost all states of Mexico [52],
as depicted in figure 4. On the other hand, since 1994
Mexico has significantly decreased the use of agri-
cultural land to grow corn—around 2 million hectares
[52, 53], contributing to the increase of abandoned
agricultural land in that country [54, 55]. If the land
previously used to grow corn is used to cultivate
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wheat, sorghum and barley, it would more than
account for the additional land needed in this partial
trade scenario.

5. Conclusion

Our results affirm the potential environmental bene-
fits from crop trade in North America, by reducing
overall consumption of natural resources and use of
fertilizers (therefore pollution to the atmosphere,
water and soil) when importing instead of producing
locally (mainly crop flows from US to Mexico). These
results are not only relevant for trade dynamics
between the US and Mexico, but serve as a model
system to understand other bilateral trade activities.
Our findings suggest that improved trade composition
can bring more environmental benefits than those
obtained with the existing trade dynamic, which seems
to be dominated by economic considerations. We
observed that economic efficiency does not aligned
with environmental efficiency; for instance producer
prices in one country can be lower even though more
fertilizers are used and more pollution is produced.
Ultimately, our alternative trade scenario suggests that
for the global environment benefit countries should
export only those crops requiring less land and water,
and/or fewer fertilizers than the importing country.
Quantifications of the economic and environmental
benefits and costs such as this one, can help improve
managers’ decisions by highlighting the facts about
trade-offs and synergies between economic and envir-
onmental benefits.

Acknowledgments

We thank the Mexico’s National Commission for
Science and Technology (CONACYT) for the eco-
nomic support to complete this research. We also
thank our three anonymous reviewers.

References

[1] Porkka M et al 2013 From food insufficiency towards trade
dependency: a historical analysis of global food availability PloS
One8e82714

[2] D’Odorico P et al 2014 Feeding humanity through global food
trade Earth’s Future 2 458—69

[3] Kastner T, Erb K H and Habert H 2014 Rapid growth in
agricultural trade: effects on global area efficiency and the role
of management Environ. Res. Lett. 9 034015

[4] MacDonald G K et al 2015 Rethinking agricultural trade
relationships in an era of globalization BioScience 65 27589

[5] Meyfroidt P etal 2013 Globalization ofland use: distant drivers
ofland change and geographic displacement of land use Curr.
Opin. Environ. Sustainability 5 438—44

[6] MacDonald G K 2013 Eating on an interconnected planet
Environ. Res. Lett. 8 021002

[7]1 Lassaletta L etal 2014 Food and feed trade as a driver in the
global nitrogen cycle: 50 year trends Biogeochermistry 118 225-41

[8] Kastner T efal 2014 Cropland area embodied in international
trade: contradictory results from different approaches
Ecological Econ. 104 140—4

P Letters

[9] Hoekstra A'Y and Mekonnen M M 2012 The water footprint of

humanity Proc. Natl Acad. Sci. USA 9 3232-7

[10] Dalin C, Konan M, Hanasaki N, Rinaldo A and
Rodriguez-Iturbe 12012 Evolution of the global virtual water
trade network Proc. Natl Acad. Sci. USA 109 5989-94

[11] Suweis S et al 2013 Water-controlled wealth of nations Proc.
Natl Acad. Sci. 110 4230-3

[12] Fader M et al 2013 Spatial decoupling of agricultural
production and consumption: quantifying dependences of
countries on food imports due to domestic land and water
constraints Environ. Res. Lett. 8 014046

[13] O’Bannon C etal 2014 Globalization of agricultural pollution
due to international trade Hydrol. Earth Syst. Sci. 18 50310

[14] Garrett RD, Rueda X and Lambin E F 2013 Globalization’s
unexpected impact on soybean production in South America:
linkages between preferences for non-genetically modified
crops, eco-certifications, and land use Environ. Res. Lett. 8
044055

[15] McKenzie F C and Williams J 2015 Sustainable food
production: constraints, challenges and choices by 2050 Food
Secur.7221-33

[16] D’Odorico P and Rulli M C 2013 The fourth food revolution
Nat. Geosci. 6 417-8

[17] Mueller N D et al 2012 Closing yield gaps through nutrient and
water management Nature 490 254—7

[18] Sachs] et al 2010 Monitoring the worlds agriculture Nature
466 558—60

[19] Bennett E M, Peterson G D and Gordon L] 2009
Understanding relationships among multiple ecosystem
services Ecology Lett. 12 1-11

[20] Julid R and Duchin F 2007 World trade as the adjustment
mechanism of agriculture to climate change Clim. Change 82
393-409

[21] Billen G, Lassaletta L and Garnier ] 2015 A vast range of
opportunities for feeding the world in 2050: trade-off between
diet, N contamination and international trade Environ. Res.
Lett. 10 025001

[22] Steen-Olsen K et al 2012 Carbon, land, and water footprint
accounts for the European Union: consumption, production,
and displacements through International trade Environ. Sci.
Technolo. 46 10883-91

[23] Chapagain AK, Hoekstra A'Y and Savenije H H G 2006 Water
saving through international trade of agricultural products
Hydrol. Earth Syst. Sci. Discuss. 10 455—-68

[24] Schipanski M E and Bennett E M 2012 The influence of
agricultural trade and livestock production on the global
phosphorus cycle Ecosystems 15 256—68

[25] Foley] A et al 2005 Global consequences of land use Scierce 309
570—4

[26] MacDonald GK, Bennett EM and Carpenter SR 2012
Embodied phosphorus and the global connections of United
States agriculture Environ. Res. Lett. 7 044024

[27] Carpenter SR, Caraco NF, Corell D L, Howarth RW,
Sharpley A N and Smith V H 1998 Nonpoint pollution of surface
waters with phosphorus and nitrogen Ecological Appl. 8 559-68

[28] Bennett EM, Carpenter SR and Caraco N F 2001 Human
impact on erodable phosphorus and eutrophication: a global
perspective BioScience 51 22734

[29] Paulot Fand Jacob D] 2014 Hidden cost of US agricultural
exports: particulate matter from ammonia emissions Environ.
Sci. Technol. 48 9038

[30] Grosman GM and Kruege A B 1991 Environmental impacts of
aNorth American Free Trade Agreement Working Paper 3914
National Bureau of Economic Researchp 1-57

[31] Frankel] A and Rose A K 2005 Is trade good or bad for the
environment? Sorting out the causality Rev. Econ. Stat. 87
85-91

[32] Eiras A and Schaefer B 2001 Trade: The Best Way to Protect the
Environment Heritage Foundation Backgrounder 1480

[33] LiaZ, Xub N and Yuand ] 2015 New evidence on trade-
environment linkage via air visibility Econ. Lett. 128 72—4

[34] Headey D 2011 Rethinking the global food crisis: the role of
trade shocks Food Policy 36 136—46

12


http://dx.doi.org/10.1371/journal.pone.0082714
http://dx.doi.org/10.1002/2014EF000250
http://dx.doi.org/10.1002/2014EF000250
http://dx.doi.org/10.1002/2014EF000250
http://dx.doi.org/10.1088/1748-9326/9/3/034015
http://dx.doi.org/10.1093/biosci/biu225
http://dx.doi.org/10.1093/biosci/biu225
http://dx.doi.org/10.1093/biosci/biu225
http://dx.doi.org/10.1016/j.cosust.2013.04.003
http://dx.doi.org/10.1016/j.cosust.2013.04.003
http://dx.doi.org/10.1016/j.cosust.2013.04.003
http://dx.doi.org/10.1088/1748-9326/8/2/021002
http://dx.doi.org/10.1007/s10533-013-9923-4
http://dx.doi.org/10.1007/s10533-013-9923-4
http://dx.doi.org/10.1007/s10533-013-9923-4
http://dx.doi.org/10.1016/j.ecolecon.2013.12.003
http://dx.doi.org/10.1016/j.ecolecon.2013.12.003
http://dx.doi.org/10.1016/j.ecolecon.2013.12.003
http://dx.doi.org/10.1073/pnas.1109936109
http://dx.doi.org/10.1073/pnas.1109936109
http://dx.doi.org/10.1073/pnas.1109936109
http://dx.doi.org/10.1073/pnas.1203176109
http://dx.doi.org/10.1073/pnas.1203176109
http://dx.doi.org/10.1073/pnas.1203176109
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1088/1748-9326/8/1/014046
http://dx.doi.org/10.5194/hess-18-503-2014
http://dx.doi.org/10.5194/hess-18-503-2014
http://dx.doi.org/10.5194/hess-18-503-2014
http://dx.doi.org/10.1088/1748-9326/8/4/044055
http://dx.doi.org/10.1088/1748-9326/8/4/044055
http://dx.doi.org/10.1007/s12571-015-0441-1
http://dx.doi.org/10.1007/s12571-015-0441-1
http://dx.doi.org/10.1007/s12571-015-0441-1
http://dx.doi.org/10.1038/ngeo1842
http://dx.doi.org/10.1038/ngeo1842
http://dx.doi.org/10.1038/ngeo1842
http://dx.doi.org/10.1038/nature11420
http://dx.doi.org/10.1038/nature11420
http://dx.doi.org/10.1038/nature11420
http://dx.doi.org/10.1038/466558a
http://dx.doi.org/10.1038/466558a
http://dx.doi.org/10.1038/466558a
http://dx.doi.org/10.1111/j.1461-0248.2009.01387.x
http://dx.doi.org/10.1111/j.1461-0248.2009.01387.x
http://dx.doi.org/10.1111/j.1461-0248.2009.01387.x
http://dx.doi.org/10.1007/s10584-006-9181-8
http://dx.doi.org/10.1007/s10584-006-9181-8
http://dx.doi.org/10.1007/s10584-006-9181-8
http://dx.doi.org/10.1007/s10584-006-9181-8
http://dx.doi.org/10.1088/1748-9326/10/2/025001
http://dx.doi.org/10.1021/es301949t
http://dx.doi.org/10.1021/es301949t
http://dx.doi.org/10.1021/es301949t
http://dx.doi.org/10.5194/hess-10-455-2006
http://dx.doi.org/10.5194/hess-10-455-2006
http://dx.doi.org/10.5194/hess-10-455-2006
http://dx.doi.org/10.1007/s10021-011-9507-x
http://dx.doi.org/10.1007/s10021-011-9507-x
http://dx.doi.org/10.1007/s10021-011-9507-x
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1088/1748-9326/7/4/044024
http://dx.doi.org/10.1890/1051-0761(1998)008[0559:NPOSWW]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(1998)008[0559:NPOSWW]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(1998)008[0559:NPOSWW]2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2001)051[0227:HIOEPA]2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2001)051[0227:HIOEPA]2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2001)051[0227:HIOEPA]2.0.CO;2
http://dx.doi.org/10.1021/es4034793
http://dx.doi.org/10.1021/es4034793
http://dx.doi.org/10.1021/es4034793
http://dx.doi.org/10.1162/0034653053327577
http://dx.doi.org/10.1162/0034653053327577
http://dx.doi.org/10.1162/0034653053327577
http://dx.doi.org/10.1162/0034653053327577
http://dx.doi.org/10.1016/j.econlet.2015.01.014
http://dx.doi.org/10.1016/j.econlet.2015.01.014
http://dx.doi.org/10.1016/j.econlet.2015.01.014
http://dx.doi.org/10.1016/j.foodpol.2010.10.003
http://dx.doi.org/10.1016/j.foodpol.2010.10.003
http://dx.doi.org/10.1016/j.foodpol.2010.10.003

10P Publishing

Environ. Res. Lett. 11 (2016) 055004

[35] USDC 2015 US Exports to Mexico by 5-digit End-Use Code
United States Department of Commerce—US Census Bureau
—Foreign Trade 2015 (https://census.gov/foreign-trade/
statistics/product/enduse/exports/c2010.html)

[36] UN-Comtrade 2015 UN Comtrade Database—beta trade data
extraction interface United Nations Department of Economic
and Social Affairs—Trade Statistics 2015 (http://comtrade.
un.org/data/) (accessed February 2015)

[37] UN 2014 System of Environmental-Economic Accounting 2012,
Central Framework United Nations, European Commission,
Food and Agriculture Organization, International Monetary
Fund, Organisation for Economic Co-operation and
Development and World Bank

[38] FAO 2014 Towards a System of Environmental Economic
Accounting for Agriculture (SEEA-AGRI) RAP/APCAS/14
Food and Agriculture Organization of the United Nations

[39] FAOSTAT 2015 Metadata, Production, Crops Food and
Agriculture Organization of United Nations—Statistics
Division (http://faostat3.fao.org/download/Q/QC/E)
(accessed February 2015)

[40] FAPRI 2015 FAPRI-ISU 2011 World Agricultural Outlook
Database Food and Agricultural Policy Research Institute—

Iowa State University (http://fapri.iastate.edu/tools/outlook.

aspx) (accessed April 2015)

[41] HoekstraAY and Hung P Q2002 Virtual water trade, A
quantification of virtual water flows between nations in relation
to international crop trade Research Report No. 11 IHE Delft

[42] TPCC2006 N20 emissions from managed soils, and CO2
emissions from lime and urea application Guidelines for
National Greenhouse Gas Inventories (IPCC-
Intergovernmental Panel on Climate Change) ch 11

[43] USDA 2016 Foreign Agricultural Service. Regions: Mexico.
United States Department of Agriculture 2016 (http://fas.
usda.gov/regions/mexico) (accessed January 2016)

[44] Wise T A 2009 Agricultural dumping under NAFTA:
estimating the costs of US agricultural policies to mexican
producers Working Paper 09-08 Global Development and
Environment Institute, Tufts University

[45] OECD 2016 Agricultural policy Agricultural support (https://
data.oecd.org/agrpolicy/agricultural-support.htm) (accessed
January 2016)

P Letters

[46] FAOSTAT 2016 Arable land Food and Agriculture
Organization of the United Nations—Statistics Division
(http://faostat.fao.org/site/377 /DesktopDefault.aspx?
PagelD=377-ancor) (accessed January 2016)

[47] World-Bank 2015 World Development Indicators (http://
data.worldbank.org/indicator/ER.H2O.INTR.PC) (accessed
April 2015)

[48] Schmitz Cetal2012 Trading more food: implications for land
use, greenhouse gas emissions, and the food system Glob.
Environ. Change 22 189-209

[49] OECD 2015 Environmental Performance of Agriculture 2013
Organization for Economic Cooperation and Development—
Agriculture Statistics (http://oecd-ilibrary.org/agriculture-
and-food/data/agri-environmental-indicators/
environmental-performance-of-agriculture-2013_data-
00660-en?isPartOf=/content/datacollection/agr-aei-data-
en) (accessed April 2015)

[50] Tilman D et al 2002 Agricultural sustainability and intensive
production practices Nature418 671-7

[51] FAO 2011 The State of the World’s Land and Water Resources for
Food and Agriculture (SOLAW), Managing Systems at Risk
(Rome and Earthscan, London: Food and Agriculture
Organization of the United Nations)

[52] SIAP 2016 Anuario Agricola por Cultivo (Crop Agricultural
Annual) Servicio de Informacion Agricola y Pesquera
(Agriculture and Fisheries Information Service) (http://cmgs.
gob.mx:8080/mapasdinamicos/) (accessed January 2016)

[53] INEGI 2016 Superficie Sembrada de Cultivos (Crop Cultivated
Area) Instituto Nacional de Estadistica y Geografia (National
Institute of Statistics and Geography) (http://3.inegi.org.mx/
sistemas/biinegi/?ind=1009000006)

[54] SAGARPA 2009 Proyecto de Induccion al Desarrollo de
Infraestructura del Sector Agroalimentario (Agri-Food Sector
Infrastructure Development Project) Secretaria de Agricultura,
Ganaderia, Desarrollo Rural, Pesca y Alimentacion (Ministry
of Agriculture, Livestock, Rural Development, Fisheries
and Food)

[55] INEGI 2009 Guia parala interpretacion de cartografia uso del
suelo y vegetacion (Guidelines to interpret land use and vegetation
cartography) Instituto Nacional de Estadistica y Geografia
(National Institute of Statistics and Geography)

13


https://census.gov/foreign-trade/statistics/product/enduse/exports/c2010.html
https://census.gov/foreign-trade/statistics/product/enduse/exports/c2010.html
http://comtrade.un.org/data/
http://comtrade.un.org/data/
http://faostat3.fao.org/download/Q/QC/E
http://fapri.iastate.edu/tools/outlook.aspx
http://fapri.iastate.edu/tools/outlook.aspx
http://fas.usda.gov/regions/mexico
http://fas.usda.gov/regions/mexico
https://data.oecd.org/agrpolicy/agricultural-support.htm
https://data.oecd.org/agrpolicy/agricultural-support.htm
http://faostat.fao.org/site/377/DesktopDefault.aspx?PageID=377-ancor
http://faostat.fao.org/site/377/DesktopDefault.aspx?PageID=377-ancor
http://data.worldbank.org/indicator/ER.H2O.INTR.PC
http://data.worldbank.org/indicator/ER.H2O.INTR.PC
http://dx.doi.org/10.1016/j.gloenvcha.2011.09.013
http://dx.doi.org/10.1016/j.gloenvcha.2011.09.013
http://dx.doi.org/10.1016/j.gloenvcha.2011.09.013
http://oecd-ilibrary.org/agriculture-and-food/data/agri-environmental-indicators/environmental-performance-of-agriculture-2013_data-00660-en?isPartOf=/content/datacollection/agr-aei-data-en
http://oecd-ilibrary.org/agriculture-and-food/data/agri-environmental-indicators/environmental-performance-of-agriculture-2013_data-00660-en?isPartOf=/content/datacollection/agr-aei-data-en
http://oecd-ilibrary.org/agriculture-and-food/data/agri-environmental-indicators/environmental-performance-of-agriculture-2013_data-00660-en?isPartOf=/content/datacollection/agr-aei-data-en
http://oecd-ilibrary.org/agriculture-and-food/data/agri-environmental-indicators/environmental-performance-of-agriculture-2013_data-00660-en?isPartOf=/content/datacollection/agr-aei-data-en
http://oecd-ilibrary.org/agriculture-and-food/data/agri-environmental-indicators/environmental-performance-of-agriculture-2013_data-00660-en?isPartOf=/content/datacollection/agr-aei-data-en
http://dx.doi.org/10.1038/nature01014
http://dx.doi.org/10.1038/nature01014
http://dx.doi.org/10.1038/nature01014
http://cmgs.gob.mx:8080/mapasdinamicos/
http://cmgs.gob.mx:8080/mapasdinamicos/
http://3.inegi.org.mx/sistemas/biinegi/?ind=1009000006
http://3.inegi.org.mx/sistemas/biinegi/?ind=1009000006

	1. Introduction
	2. Methods
	2.1. Economic and environmental accounting
	2.2. Production efficiencies comparisons
	2.3. Trade scenarios

	3. Results
	3.1. Current state of trade between the US and Mexico and its implications
	3.2. Why trade is mostly from the US to Mexico
	3.3. Comparing production efficiencies between US and Mexico
	3.4. Trade scenarios

	4. Discussion
	5. Conclusion
	Acknowledgments
	References



