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IN  1993,  THE CLINTON ADMINISTRATION

hailed the North American Free Trade Agreement
(NAFTA) as the “greenest” trade agreement ever
completed.1 Despite this promise, NAFTA and its
parallel environmental accord remain the source 
of intense debate. A decade after the agreement
entered into force, disagreements continue around
the basic facts of NAFTA, as well as whether it has
kept its pledge of promoting sustainable develop-
ment, preserving the environment, and ensuring
that environmental laws guarantee high levels of
environmental protection.2 In , Public Citizen
dismissed the environmental provisions of NAFTA
as “meaningless.”3

Measuring the environmental impact of trade
remains complex, despite advances that have been
made in assessment methods, underlying data, 
and empirical evidence. Environmental quality 
is subject to change, often unexpectedly and from 
a myriad of sources. Since free trade affects the
economy indirectly and often weakly, the impact 
of trade on environmental quality also tends to be
indirect and weak.4

Despite methodological challenges in identifying
causal links, studies confirm that trade exerts two
types of pressure on the environment. First, trade can
affect environmental quality through scale impacts.
There is rarely, if ever, a linear relationship between

economic scale and environmental impacts, since the
former tends to be offset by more efficient technolo-
gies, compositional changes (for instance, from agri-
culture to the manufacturing or services sector) or the
harmonization of standards among trading partners,
all associated with trade liberalization.5 Second, trade
rules can influence environmental policy directly, by
affecting policy on food safety, the environment, con-
servation, and other areas of domestic concern. This
second area has remained at the center of the trade
and environment agenda for more than a decade.
Despite predictions that the trading system would
become overwhelmed with trade-environment cases,
this has not occurred either under NAFTA or the
World Trade Organization (WTO). A limited
number of precedent-setting environmentally related
disputes have occurred involving NAFTA Chapter 
investor-state disputes. 

Environmental reviews of trade liberalization con-
tinue to focus on the economic sectors that are most
affected by NAFTA liberalization schedules, and
which are environmentally sensitive. These sectors
include pollution-intensive industrial and manufac-
turing sectors, as well as resource-based sectors, such
as cement, and renewable resource sectors, such as
fisheries and forestry. 

During the past decade, somewhat less attention
has focused on the environmental impacts of
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NAFTA’s agricultural provisions. Understanding
agricultural liberalization (or the failure to liberalize
farm trade) is important from an environmental
perspective. No other sector exhibits such a close,
symbiotic relationship as that of terrestrial farming
and the environment. 

I examine some changes in U.S.-Mexican farm
trade, and focuses on three principal environmental
issues: (a) the rise in the overapplication of nitrogen,
phosphorus, and other agrochemical inputs; (b) the
depletion of groundwater due to increased crop irri-
gation; and (c) the vicious circle of poverty and
income divergence, subsistence farming, and high
rates of deforestation and changes in land use (this
third issue being the leading cause of habitat degra-
dation and loss of biological diversity in southern
Mexico). 

To assess the effects that NAFTA has had on
nitrogen pollution, water scarcity, and biological
diversity losses, I examine changes in Mexico-U.S.
trade in three crop groupings—wheat, maize, and
fresh vegetables and fruit. Trade in each group has
been strongly affected by NAFTA-specific liberaliza-
tion disciplines (in contrast to what has occurred
under the WTO Agreement on Agriculture),
shifting demand patterns as a function of rising
income in some urban areas, fluctuations in drought
conditions and severity, and other factors. 

Wheat. U.S. exports of wheat to Mexico have
increased by  percent since . This export
increase has in turn contributed to an  percent
compositional shift in the production of wheat vari-
eties within Mexico’s breadbasket region, from bread
wheat to durum wheat. The production of both vari-
eties in the semiarid regions of northern Mexico is
heavily reliant on irrigation drawn primarily from
groundwater. Over the past decade, groundwater
tables have declined by approximately  percent in
the breadbasket area of the Yaqui Valley. Durum
wheat requires greater total amounts of fertilizer
inputs in semiarid regions, compared to bread wheat.
Although Mexico’s aggregate consumption of fertil-

izers has remained roughly constant since NAFTA,
following the end of state-supported fertilizer subsi-
dies, fertilizer use has become more concentrated in
larger-scale, export-oriented farms. During the past
decade, increases in nitrogen and other chemical
loading from agrochemicals have been recorded in
groundwater in Sonora and other commercial
farming regions. 

Nitrogen runoff is the largest pollution source in
Mexico, the United States, and Canada. It is also the
leading cause of eutrophication and algae blooms
affecting Mexico’s rivers and lakes, the Sea of Cortez,
and the Gulf of Mexico. The ecological effects of
nitrogen pollution tend to be greater in Mexico 
than in the United States, given Mexico’s warmer
waters—which can accelerate algae blooms—and
much larger concentration of freshwater and coastal
marine biological diversity. The compositional
change from bread wheat to durum wheat can be
explained largely by structural changes consisting of
vertical integration of durum wheat with upstream
food processing. Durum wheat is used for the pro-
duction of pasta. Since enactment of NAFTA, pasta
processing has been among the largest recipients of
foreign direct investment (FDI) inflows in Mexico,
aside from the manufacturing and services sector.
Mexico’s exports of all pasta types to the United
States have increased by approximately  percent
since NAFTA took effect. 

Maize/Corn. U.S. maize exports to Mexico have
increased by  percent since . Increased U.S.
imports may pose an environmental risk to tradi-
tional Mexican maize varieties. Laboratory tests
conducted in  confirmed that genetically
modified corn has been introgressed in Oaxaca and
elsewhere. This introduction has occurred despite
the import ban imposed by Mexico on biotech-
nology corn seed in . Given that Mexico is a
center of origin for more than forty maize varieties,
the risk posed by the genetic contamination of tra-
ditional varieties in biologically rich areas, such as
Oaxaca, may be of global concern. A large propor-
tion of U.S. maize imports to Mexico are used as
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grain-feed inputs for that country’s quickly
expanding livestock sector, as well as in the syrup
industry. While most livestock production in
Mexico meets rising domestic demand (reflecting 
a change in diet in middle-income households 
from grains to meat and processed foods), exports 
to the United States of calves and cattle have also
increased since NAFTA. NAFTA has accelerated
structural changes in the maize sector by way 
of deepening vertical integration with livestock
operations and the sugar industry. Environmental
pressures associated with the concentration of 
large-scale confined-animal feedlot operations in
Mexico appear to resemble environmental pressures
recorded in the United States and Canada, albeit at
a lower level. Finally, a marginal increase in maize
production in the United States to serve the
Mexican market is the cause of increased environ-
mental pressures in the United States. Increased
maize exports from the United States result in an
increase of , tons of nitrogen, phosphorus,
and potassium-based loadings to U.S. waterways,
with emissions concentrated in the already heavily
polluted Mississippi River Delta. 

Fresh Vegetables and Fruit. Since enactment of
NAFTA, Mexican exports of all fresh vegetables
have increased by  percent, and exports of fresh
fruit have increased by  percent. Structural
changes in Mexico’s horticulture sector have been
especially pronounced since NAFTA took effect,
although structural changes commenced with liber-
alization reforms introduced in Mexico in the s.
On average, export-intensive horticulture farms are
larger, rely on standardized capital inputs such as
fertilizers and pesticides, specialize in single crops,
and have a far greater propensity toward irrigation,
compared to smaller farms serving the domestic
market in Mexico. Field data suggest that larger,
export-oriented farms are less sensitive to smaller,
ejido farm holdings, and use greater amounts of
groundwater irrigation per yield, compared to
smaller farms. Mexico is one of the most water-
stressed countries in the Western Hemisphere, and
its expansion of exports of fresh fruits and vegetables

is the main anthropogenic cause of this water stress.
The export of horticulture products to the United
States represents the transfer of millions of gallons
of freshwater equivalent each year. For example, 
the export of tomatoes from Mexico to the United
States accounts for the equivalent transfer of approx-
imately  million gallons of freshwater equivalent
to the United States each year since . 

Based on these limited examples, I draw the fol-
lowing three conclusions. First, there is little evi-
dence that the environmental safeguards in NAFTA
have directly improved environmental quality in the
farm sector. To date, none of the environmental
safeguards inserted in NAFTA or its environmental
side accord—the North American Agreement for
Environmental Cooperation—have been used in
any disputes involving agricultural liberalization. At
the same time, the accelerated NAFTA liberalization
schedule adopted by Mexico to phase out tariff-rate
quotas for maize has opened the maize market too
quickly to imports and related price and employ-
ment shocks. During this turbulent transitional
period, this market has increased ecological risk in
Mexico, as well as environmental damage in the
United States. Finally, the absence in NAFTA of 
disciplines that can constrain farm subsidies for
maize, wheat, and other crops has led to an increase
in total subsidy payments in the United States, with
the amended  Farm Act, as well as increased
subsidy payments in Mexico. Increased farm subsidy
payments have increased pricing and market fail-
ures, resulting in the overproduction of some crops,
as well as the excessive application of fertilizers and
other capital inputs, which further magnifies envi-
ronmental degradation. In addition, the pattern of
subsidy payments appears to favor large farms over
smaller ones, thereby contributing to the expansion
of subsistence farming in marginalized areas in the
southern regions of Mexico. 

My second conclusion is that NAFTA has 
accelerated the structural shift toward large-scale, 
commercially viable, export-oriented farms. 
Clearly, this restructuring began well before
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NAFTA, with the introduction of liberalization
reforms in the late s in Mexico. However,
recalling the argument of Jeffrey Sachs and Andrew
Warner that the opening of the economy through
trade liberalization is the “sine qua non of the overall
reform process,” it is reasonable to assume that
NAFTA has both accelerated and significantly deep-
ened structural changes in Mexico.6 In addition, 
the distribution of subsidy payments has accelerated
structural changes in the grains and horticulture
sector so as to favor large-scale, export-oriented, 
vertically and horizontally integrated farms. The
structural shift appears to have increased the 
concentrations of nitrogen and phosphorus, water-
polluting agrochemicals used as inputs in larger-
scale farms. Export-oriented farms also appear to use
greater amounts of irrigated water inputs per yield,
compared to producers of similar products destined
for domestic markets. Since farming is the largest
consumer of freshwater by a very wide margin, 
this structural shift has magnified water scarcity 
in Mexico. 

My third conclusion is that commercially oriented
farms have not delivered environmental benefits
associated with intensive farming. Those environ-
mental benefits typically derive from land-saving
effects associated with an increase in production
efficiency. The main reason for this failure to
deliver environmental benefits appears to be the
structure and extent of poverty and the pattern of
income divergence in southern Mexico. While com-
mercial cultivation of some crops has expanded,
downward price premiums on staples, such as
maize, has increased poverty in this region. The
average deforestation rate in the biologically rich
southern regions of Mexico has exceeded ,

hectares per year since . The leading cause of
deforestation in Mexico remains poverty, with
slash-and-burn clearing and tree felling by poor
households in need of fuel remaining the leading
causes of forest clearing. In addition, small-scale,
rain-fed maize production has increased by 
percent in marginalized areas, as poor farmers
respond to falling prices. 

The environmental costs of deforestation and
changes in land use in Mexico are staggering. That
country is one of the planet’s leading centers of
“megadiversity,” home to  percent of all known
species, of which  to  percent are endemic.
Mexico has the world’s second-highest number 
of reptile species, and ranks fourth for amphibians
and fifth for mammalian diversity in the world.7

However, the geography of this biological diversity
coincides exactly with Mexico’s geography of
extreme poverty. 

Trade theory scarcely hides the unhappy fact that
there are winners and losers from trade liberaliza-
tion. However, people—especially indigenous
peoples in the poorest regions of southern Mexico—
maintain an enduring allegiance to their ancestral
homes, community ties, and traditional knowledge,
which date back , years. Given that these ties
reach deeper than economically rational decision
making, millions of poor farmers who are clearly
losers on the ledgers of free trade remain committed
to their lands, despite structural changes in the farm
sector that increasingly lock them out of commer-
cially viable markets. 

The most important environmental challenge
arising from NAFTA is to build a bridge between
aspects of the dual farm economy in Mexico—a
divide characterized by larger, commercial farms in
the northern and central regions and subsistence,
ejido, and small-family holdings. Although commer-
cial farming has not taken hold in Mexico to the
extent it has in the United States or other industrial-
ized countries, this stylized distinction between large
and small is nevertheless useful in showing the tra-
jectory of structural changes in the agricultural
sector. Although standard economic theory says that
unprofitable farm production should relocate, there
is nowhere for millions of poor farmers to go, since
the contraction in Mexico’s agriculture has not been
accompanied by an expansion in other sectors. 

Economic shocks experienced during the adjust-
ment period of liberalization often appear to be
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intractable. However, innovative solutions that 
re-engage public institutions and policy, that build
partnerships with private agriculture and other
sectors, and that are intent on nurturing the com-
mercial viability of farms are needed for environ-
mental reasons alone (aside from compelling social
equity and poverty alleviation objectives), as a means
to slow rates of deforestation and habitat loss, as well
as protect Mexico’s biological diversity. One solution
can be protected areas. Real spending on nature
reserves has increased significantly since , to
. billion a year. However, competition among
indigenous groups, communities, and illegal squat-
ters in these reserves remains strong, while trust in
collective solutions remains fragile at best. Moreover,
protected areas have never been a lasting solution 
to broader, in situ biological diversity protection. 

A second solution involves nurturing new commer-
cial opportunities in the poorest regions to generate
higher revenue returns to farmers, relative to subsis-
tence farming underway in marginal areas. Viable
commercial alternatives that can close part of the
poverty gap do exist in specific market niches, those
that center on ecofriendly products or anticipate
new revenue streams from emerging environmental
markets. Examples include ecotourism, carbon
sequestration, and organic and sustainable farming.
As in other markets, information failures and 
structural rigidities continue to constrain Mexico’s
full participation in these quickly growing global
markets, in part because of liberalization and
mergers in the country’s banking system. With the
dramatic consolidation of the banking sector,
private credit channels assume that only large-scale
farms are creditworthy, an assumption that leads to
the disappearance of almost all small-scale farm
credit. For example, the leading reason why small-
scale farmers abandon their operations and rent
their lands to commercial interests in the Sonora
region is credit scarcity. Solutions to redress this
working capital bottleneck now include the cre-
ation of the Sustainable Coffee Fund, which is sup-
ported by the North American Commission for
Environmental Cooperation (NACEC), Banamex,

the largest commercial bank in Mexico, the govern-
ment of Mexico, and other partners. These efforts
should be expanded, with the active participation
of large-scale, U.S.-based produce buyers, whereby
a proportion of seasonal contract farming arrange-
ments are channeled toward funding sustainable
agricultural markets. 

NAFTA and the Environment: 
A Difficult Relationship

The economic gains from NAFTA are typically meas-
ured by the kind of statistics cited in chapter . These
economic gains are traditionally calculated by esti-
mating gross savings, which is gross national product
(GNP) minus public and private consumption.
However, in the last decade, efforts have been made
to measure, quantify, and internalize environmental
costs in standard economic measurements, and some
progress has been made in “greening” national
income accounts. This process includes calculating
relatively explicit costs, such as resource extraction, 
as well as making depletion calculations from the loss
of forestry resources, pollution damages, and other
factors. Some methods of green accounting rely on
standardized proxies of environmental damage values,
such as the  per metric ton of carbon emitted
that is used to calculate the marginal global damage
of climate change. Other factors, such as soil degrada-
tion, the loss of tropical forests, or the loss of fisheries
stocks, are considerable, but extremely difficult to
quantify except through site-specific field studies 
to impute environmental values, based on people’s 
willingness to pay for their conservation.8

In , the government of Mexico—one of the
world’s leaders in environmental valuation and green
accounting—estimated that the total value of envi-
ronmental damages exceeded  billion per
annum since .9 If these environmental damages
were included in GNP and gross domestic product
(GDP) estimates, then Mexico would have run an
ecological deficit the equivalent of  billion per
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year.10 Clearly, NAFTA has not been responsible for
most, or even a significant portion, of these total
environmental damages. However, they underline
the fact that economic growth generates considerable
pressures on the environment through scale effects. 

A decade ago, surprisingly little attention was
focused on the scale effects of trade-led economic
growth. Since NAFTA is the first trade accord to
include explicit environmental provisions and safe-
guards, it remains the subject of debate among pro-
and anti-globalization activists generally. This debate
still hinges on two regulatory, as opposed to scale,
effects:11

■ The free-trade accord would begin a “race-to-the
bottom,” as states would lower environmental
standards to attract investment. 

■ If environmental standards remained intact
despite the competitive pressures of free trade,
then companies would move production to “pol-
lution havens,” places where regulations did not
exist or did not matter.

A decade, later, the environmental record of
NAFTA remains mixed. Neither the great benefits
claimed by proponents nor the overwhelming
damages predicted by critics have come to pass. In
the manufacturing sector, which due to its pollution
intensity has been subject to closet scrutiny, NAFTA
has contributed directly to an increase of between 
and  percent in annual gross emissions of carbon
monoxide and sulfur dioxide, due to changes in the
petroleum, base metals, and transportation equip-
ment sectors.12 NAFTA has also contributed
directly to air pollution spikes in the Canadian-U.S.
and U.S.-Mexican border regions, as  percent of
total NAFTA trade is transported via truck-trans-
port passing through increasingly congested border
points.13 NAFTA Chapter  energy provisions have
contributed to an increase in carbon dioxide emis-
sions arising from increased U.S.-Canadian trade in
electricity, as well as increased Mexican exports of
electricity to the United States.14 

In other cases—notably in the production of
cement, steel, and nonferrous metal industries—the
environmental performance of Mexican companies
since the enactment of NAFTA has been superior to
that of their U.S.-based counterparts.15 This
improvement is partly explained by increased FDI
inflows that accelerate the turnover of capital stocks
in these sectors, leading to the adoption of more
efficient and less polluting process technologies. The
improvement is also explained by increased environ-
mental awareness within Mexico—as in other 
countries—since the late s. Regulations intro-
duced in the early s strengthened Mexico’s 
environmental statues and institutional capabilities.
U.S.-Mexican cooperative action on a number of
fronts—notably in tackling environmental pressures
along the border—has reduced some, but hardly 
all, environmental pressures. Trilateral cooperation
through NACEC has supported the international
benchmarking of some environmental norms, such
as the harmonization of toxic release data and the
development of criteria for air pollutants among the
three North American countries. The harmonization
of environmental data is an important step toward
comparing the environmental performance 
of Canada, Mexico, and the United States.16

Environmental awareness has catalyzed other 
more systemic reforms within Mexico, notably 
in improving access to information and codifying
public participation.17

The good news that NAFTA has not created 
pollution havens hardly means that NAFTA is envi-
ronmentally benign. In addition to the two anti-
NAFTA assertions—the race to the bottom and the
pollution haven—a third assertion from the NAFTA
debates is that trade is somehow self-cleansing. That
is, as incomes rise as a result of free trade, the rate of
environmental degradation decelerates and gradually
improves.18 Unfortunately, real-world evidence
shows that only a few pollution indexes decline with
economic growth, and mostly at the subregional
level. Most important, pollution reductions take
place as a result of tightly enforced environmental
regulations combined with the replacement of
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capital stock by more resource-conserving technolo-
gies.19 While some benefits do occur, evidence 
suggests that other environmental quality indexes
rise almost continuously with income growth,
notably greenhouse gas emissions.

The most debated relationship between environ-
mental laws and NAFTA rules is in the area of invest-
ment. Under NAFTA, private investors are given new
opportunities to seek compensation for regulatory
action taken by NAFTA parties that is tantamount 
to expropriation. By , ten of NAFTA’s Chapter 
cases involving allegations of expropriation associated
with changes in domestic environmental regulations
had taken place. One dispute compelled the
Canadian government to modify its import ban 
on methylcyclopentadienyl manganese tricarbonyl
(MMT), and pay damages to a U.S. firm totaling
 million. Three other cases have resulted in paid
damages totaling  million. In response to these
cases, in July  the NAFTA parties negotiated a
clarification of their intentions regarding investment
rules, designed to minimize national governments’
exposure to expropriation cases.20 

Notwithstanding the NAFTA Chapter  cases, 
the greatest environmental pressure associated with
NAFTA is transmitted through the scale effects of
economic growth, to which trade liberalization con-
tributes. In the manufacturing sector, environmental
regulations—as strong as they were on paper with
the passage of NAFTA—did not keep pace with
rates of economic growth. Mexico’s manufacturing
sector has grown by  percent per annum since
enactment of NAFTA, but real spending on pollu-
tion monitoring and on-site inspections has fallen
by  percent over the same period. Overall, air 
pollution has increased  percent per year in the
manufacturing sector of Mexico since NAFTA took
effect.21

Clearly, NAFTA has been solely responsible for
neither increased pollution emissions nor the weak-
ening of environmental enforcement. All North
American countries have experienced some weak-

ening of domestic environmental regulations that
has coincided with NAFTA, such as the recent delay
of some U.S. Clean Air Act–mandated schedules 
for emission reductions with the introduction 
of the Bush administration’s Clear Skies initiative.
However, a case cannot be made that the Clear 
Skies initiative is linked to NAFTA. 

Measuring Environmental
Effects and Mexico’s Farm
Sector

Changes in the manufacturing sector provide one
important insight into trade-environment relation-
ships. However, for many countries, the most
significant interaction between trade liberalization
and environmental quality is transmitted within the
agricultural sector. This is especially true for devel-
oping countries, whose primary exports are agricul-
tural products. There are three main reasons why it
is vital to examine the environmental impacts of
agricultural liberalization in general, and its impact
on Mexico’s farm sector in particular. 

Pollution. Farming is the leading source of pollution
in Canada, Mexico, and the United States. The
excessive application of nitrogen—an important
element in fertilizers—contributes to high soil
salinity and the presence of air-polluting ground-
level ozone, disrupts forest processes, acidifies lakes
and rivers, and degrades coastal waters and ecosys-
tems through algae blooms and groundwater pollu-
tion.22 Since , Mexico’s total consumption of
nitrogenous fertilizers has remained roughly con-
stant (see Figure ). However, with the withdrawal
of state subsidy support for fertilizers in the mid-
s, the pattern of fertilizer consumption has
shifted away from small-scale, undercapitalized
farms and increasingly toward larger-scale opera-
tions. This shift in fertilizer purchases has magnified
a pattern of concentration of fertilizer inputs in
those areas in which more intensive farming is
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underway. In addition, imports of nitrogenous 
fertilizers into Mexico have increased sharply since
enactment of NAFTA (see Figure ). 

A similar trend of increased pesticide imports into
Mexico from the United States also occurred during
the first decade of NAFTA (see Figure ).

As a nonpoint pollution source, nitrogen pollution
is significantly more difficult to monitor and 
regulate, compared to point-source industrial 
pollutants.23 (It is uncertain whether the 

percent decrease in spending for environmental
monitoring and enforcement affected, one way 
or the other, scale effects of rising pollution levels
in the agricultural sector. That is, even if on-site
inspections were unaffected by budget rollbacks—
which seems extremely unlikely—inspectors 
lack the capability to monitor and regulate most
nonpoint pollution sources, with the exception 
of the livestock sector and perhaps the cotton 
production sector.) 

Freshwater. Agriculture is by a wide margin the
largest consumer of freshwater (see Figure ) in
Mexico. More than  percent of Mexico’s annual
water draws are consumed in farming.24 Water
scarcity is not only the most urgent environmental
and developmental problem facing Mexico, it has
increasingly become the subject of political and
diplomatic tension between the United States and
Mexico. In , Presidents George W. Bush and
Vicente Fox Quesada jointly promised to resolve
Mexico’s  billion gallon water deficit with the
United States, under provisions of a  treaty
setting out shared water management quotas
between the two countries for the Rio Grande. 

Biological Diversity. Agriculture is the leading cause
of changes in land use, such as the deforestation that
brings with it habitat destruction. In turn, these
changes in land use are the leading cause of the
destruction of ecologically rich habitats and biolog-
ical and agricultural diversity in Mexico. The loss 
of biological diversity is of global environmental
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significance, since Mexico houses some of the
richest and most important endowments of biolog-
ical diversity on the planet, concentrated in its
southern tropical forests (as well as in its coral reefs).
Mexico is home to  percent of all known species,
of which  to  percent are endemic. Mexico has
the world’s second-highest number of reptile species,
and ranks fourth for amphibians and fifth for 
mammalian diversity in the world. Mexico also has
one of the highest deforestation rates in the Western
Hemisphere. Since , about . million hectares
of forest have disappeared. While rates have deceler-
ated in recent years, more than , hectares of
forests have been cleared on average every year since
. Poverty remains the leading cause of deforesta-
tion, and thus, the extinction of flora and fauna.25

Specifically, the expansion of subsistence farm areas
into marginal lands to increase yields to compensate
for price declines in staple crops such as maize
remains the leading cause of forest clearing, followed
by the felling of trees for poor-income household
fuel use. Therefore, there is a strong link between

poverty and biodiversity loss in southern Mexico.
The issues I address below are the effect that
NAFTA has had on this poverty-environmental
degradation nexus, as well as the risk of genetic
erosion affecting traditional maize varieties. 

Environmental Impacts 
of NAFTA-Induced Trade 
in Agriculture

Given the robust relationship between agricultural
land use and environmental quality, I begin my dis-
cussion of the contribution NAFTA has made to
changing environmental conditions by examining
the total changes in U.S.-Mexican agricultural trade
volumes. Table 26 summarizes some of the major
changes in Mexico’s domestic farm production and
in net agricultural imports, which overwhelmingly
originate in the United States. 
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The value and volume of North American farm
trade has grown more rapidly than has North
America’s trade with the rest of the world. Exports
from Mexico to the United States have more than
doubled in value, from . billion to .

billion, since enactment of NAFTA, while U.S.
exports to Mexico have almost quadrupled, to
. billion. Clearly, NAFTA has successfully
strengthened agricultural ties throughout North
America, particularly between the United States
and Mexico.

Working from the data on these overall changes, 
I examine the proportion of U.S.-Mexican trade
that has solely, or significantly, been affected by
NAFTA (as opposed to the liberalizing effects of
WTO agreements, as well as important nontrade
variables such as climatic fluctuations and drought,
market proximity and shrinking transport costs,
and changes in consumer food preferences).27 On
an aggregate basis, the impact of NAFTA-specific
liberalization on U.S.-Mexican agricultural trade
has been minor; for decades, the U.S. and Mexican
agricultural economies have been moving toward
deeper integration. However, for a typical basket of
agricultural goods, NAFTA has had a significant
impact on U.S.-Mexican agricultural trade. 

U.S. exports to Mexico that fall into this category
include maize/corn, rice, sorghum, cotton, processed
potatoes, fresh apples, and pears. Mexican exports to
the United States that have been strongly affected by
NAFTA-only schedules include wheat, cattle and
calves, sugar, fresh tomatoes, and cantaloupe.28 Since
it is impossible to weigh the environmental impacts
of production, consumption, and export changes for
all commodities involved in trade, I focus only on
some environmental consequences associated with
wheat, maize, and fresh fruit and vegetables, all of
which have been significantly affected by NAFTA.29

MAIZE

Mexico is a center of origin for Zea mays, the 
ancestral precursor of modern corn. Approximately
 million farmers in Mexico, mostly from small-scale
farms, are involved in maize production. Indirectly,
some  million people depend on maize for their
livelihood. Traditional maize is not only a staple
food of Mexican diet; it also provides a symbolic
lifeline connecting traditional and indigenous 
cultures dating back approximately , years—
since the time that maize was first cultivated—
with the modern Mexico of today.30

Table 1. Changes in Mexico’s Domestic Farm Production and Agricultural Imports 
THOUSANDS OF  MEGATONS

Average Production Average Production Average Net Imports Average Net Imports

1990–93 1999–2002 1990–93 1999–2002

Wheat 3,799 3,277 917 2,592

Maize 15,965 18,891 1,691 5,751

Barley 418 709 171 145

Sorghum 4,556 5,888 3,547 5,005

Rice 257 308 332 660

Soybeans 273 308 1,747 4,205

Sugar 3,577 4,798 393 -337

Beef 1,202 1,422 -21 191

Pork 803 1,061 47 169

Poultry 908 1,854 70 249

Tomatoes 1,173 2,186 -361 -691

Source: Organization for Economic Cooperation and Development, Agricultural Policies in OECD Countries: Monitoring and Evaluation
(Paris: OECD, 2003), available at www.oecd.org.



Although estimates remain difficult to obtain,
approximately ‒ percent of U.S. corn is derived
from genetically modified (GM) varieties. A debate
over the benefits and costs of GM crops has been
underway ever since biotechnology was approved 
for some commercial crops in the United States,
Canada, and elsewhere in the mid-s.31 One
response to the potential risk of GM crops, was the
introduction of a Mexican ban on the import of
genetically modified corn seeds in .32 Despite
this ban, in  Nature magazine published a peer-
reviewed article demonstrating that GM corn had
been found growing in Mexican fields.33 This
sparked scientific concern, as well as a highly visible
public debate, about the risks of genetic contamina-
tion as well as mutation.34 Subsequent independent
laboratory tests conducted by the Mexican govern-
ment have confirmed that contamination by
biotechnology corn has occurred in Oaxaca—a
global center of megadiversity—and elsewhere in
Mexico. Neither the pathways of that contamina-
tion, nor the ecological implications that could arise
from it, are clearly understood at this time. 

A scientific consensus exists that the risks to human
health from GM foods are low or nonexistent.35 

In the United States, biotechnology foods are
embedded throughout processed foods that contain
soybeans and corn. In the area of food safety, the
potential risks that biotechnology crops pose to the
environment differ from those normally raised in
regard to human health, and include the possible
impact of GM crops on soil ecology, farmland
diversity, and even gene flow change.36 A recent
study by the European Environment Agency has
found that maize poses a medium to high risk of
pollen-mediated gene transfers from crop to crop,
concluding that “evidence suggests that GM maize
plants would cross-pollinate non-GM maize plants
up to and beyond the recommended isolation dis-
tance of  meters.”37

In addition to recorded cases of GM maize pollina-
tion, similar cases in which gene stacking involving
genetically modified canola have been recorded since

 in the Canadian prairies. Affected canola crops
in western Canada appear to be more resistant to her-
bicides than conventional (non-biotechnology) crops. 

In early , NACEC will finalize an independent
analysis that examines the environmental and 
conservation risks that science associates with the
possible contamination by biotechnology crops 
of traditional crop varieties such as Mexican maize.
Given the implications of this case for the Biosafety
Protocol of the UN Convention on Biological
Diversity,38 as well as for the application of the 
precautionary principle to international trade, 
the NACEC report will be the most important 
and controversial ever issued in the ten-year history 
of that NAFTA-related organization. 

The increase in U.S. corn imports also risks weak-
ening in situ conservation involving some or all of
the forty races of maize that are grown in Mexico,
with some varieties dating their origin back ,

years. While there has been an absolute contraction
in maize production in Mexico since the enactment
of NAFTA, led by a free fall in commercially har-
vested crops, production of rain-fed maize has
remained stable. To date, there is little evidence
that NAFTA has undermined in situ conservation
of maize. However, the price difference of approxi-
mately  percent between U.S. corn and Mexican
varieties suggests that over time the price wedge
may result in U.S. imports crowding out rain-fed
varieties. This substitution will eventually present
small-scale farmers with three choices: exit farming
altogether; diversify the composition of crop
output; or concentrate on fledgling but potentially
high-growth market niches that award a price
premium for traditional, organic, and sustainable
produce such as traditional maize. Each presents
formidable obstacles to small-scale farmers. As
noted in chapter , there are few economic and
employment alternatives for millions of farmers in
Mexico. At the same time, the quality of soil in
marginal lands makes crop switching very unlikely.
Finally, even if market niches for sustainable
produce expand dramatically, this will not alleviate
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all pressures on in situ conservation. Therefore, the
long-term erosion of the knowledge base on which
traditional maize growing is based is one of the
greatest conservation threats directly posed by
NAFTA.

In addition to the explanations for the persistence 
of rain-fed maize identified by Sandra Polaski in
chapter , a further reason why rain-fed varieties
have remained stable or increased slightly may be
traced to the large proportion of corn imports 
that are used as grain feed for Mexico’s quickly
expanding livestock sector.39 Structural changes
associated with the horizontal integration of maize
as an input to confined animal feedlot operations
and slaughterhouses have been dramatic in
Mexico.40 These structural changes result in a series
of interlocking environmental pressures that very-
large-scale feedlot and slaughter operations pose 
to environmental regulators. 

Environmental pressures from intensive livestock
operations include large volumes of nitrogen, phos-
phorus, hydrogen sulfide gases, and atrazine pesti-
cide, leading to soils that are overenriched with
nutrients while posing threats to local watersheds
with runoff that can cause algae blooms, loss of
habitat, changes in aquatic biological diversity, and
depletion of dissolved oxygen.41 These wastes can
also contain pathogens, antibiotics, and hormones. 

Recently, episodes of neurological disorders affecting
individuals living close to these industrial farms have
also been reported.42 Although data from Mexico
delineating different sources of nitrogen pollution
are far from complete, the data that exist point to
some convergence in environmental pressures arising
from livestock operations in Mexico with those that
exist in the United States and Canada. This is hardly
surprising, given the strong consolidation of the
North American livestock sector fueled by mergers
and acquisitions during the s. Today, four firms
control  percent of the U.S. and Canadian cattle
and beef market, and a similar pattern of market
consolidation is underway in Mexico, although at a

slower pace. In the same way that turnkey industrial
plant investments incorporate uniform capital stock
and management policies, livestock operations in
any one location of North America are increasingly
similar to operations elsewhere. 

The main focus of environmental attention has been
on potential risks within Mexico because of U.S.
corn imports. At the same time, environmental pres-
sures have increased within the United States itself,
because of the production increase to serve the
Mexican market. The  percent rise in U.S. corn
exports has resulted in a doubling of the proportion
of total U.S. production that is destined for Mexico,
from  to . percent of total domestic production. I
assume that the entire  percent production increase
is attributed to NAFTA, and conclude that expanded
production of corn in the United States destined for
Mexico generates an additional , tons of
nitrogen-, phosphorus-, and potassium-based pollu-
tion per year.43 This increase in pollution is concen-
trated in the Mississippi River Delta, already the
most polluted region of the United States because 
of nitrogen runoff and related ecological stress. In
addition, increased corn production is exacerbating
water scarcity in those states that have high irrigation
intensities for corn production, notably Nebraska,
Kansas, and Texas.44

WHEAT

Since enactment of NAFTA, U.S. exports of wheat
to Mexico have increased by  percent, resulting
in a  percent increase in U.S. wheat production. In
general, economic models anticipate that trade liber-
alization will bring about a shift in the location of
grain production, with production contracting in
industrialized countries and increasing in developing
ones.45 However, for wheat and corn production,
the opposite pattern took place: U.S. exports to
Mexico increased, while commercial production 
in Mexico contracted. 

In contrast to maize output, Mexico’s output of
wheat has not altered significantly since enactment



of NAFTA. Instead, wheat production in the Yaqui
Valley—the birthplace of the green revolution 
for wheat and the breadbasket of Mexico today—
remains the region’s leading agricultural activity
(accounting for roughly  percent of total planted
crop area).46 However, the composition of wheat
production in the region has changed dramatically
since . Then, bread wheat made up the bulk of
total wheat output. By , bread wheat output in
the region had declined from roughly  percent of
total production to  to  percent. In bread
wheat’s place, durum wheat—which constituted a
small percentage of total production in —now
accounts for more than  percent of the total
wheat output in the Yaqui Valley.

The change from bread wheat to durum wheat 
has not altered the region’s severe water scarcity.
Through a combination of drought and surface 
conditions in the area, the levels of groundwater—
the main source of irrigation for wheat produc-
tion—have declined by half since .47 At the
same time, the production shift from bread to
durum has directly led to an increase in nitrogen
pollution in the region. In arid and semiarid regions
such as the Yaqui Valley, durum wheat requires as
much as  percent more fertilizer inputs within
irrigated systems than other wheat crops. This 
compositional production shift has directly led to
increased fertilizer inputs, and increased nitrogen
pollution and nitrogen runoff associated with
eutrophication in nearby rivers and lakes. Estimates
suggest that the application of nitrogen per hectare
in the Yaqui Valley exceeds  kilograms, making
this region among the heaviest users of fertilizers 
on a per hectare basis in the world. 

In Sonora, Sinaloa, and other states where intensive
farming occurs, ecological pressures from nitrogen
pollution have risen dramatically. The main source
of nitrogen pollution in the Sea of Cortez originates
from commercial agricultural production in Sonora.
Nitrogen pollution is increasing in the Tacana River
Basin and the Rio Lerma. Eutrophication has
significantly lowered the inflow time of the Rio

Lerma to Lake Chapala—the largest freshwater
body in Mexico and a center of rich biological
diversity. Uncontrolled blooms of water weeds have
increased since the late , and now cover more
than  percent of Lake Chapala’s surface area.48

Although nitrogen pollution in Mexico is less than
in the Mississippi River Delta or Chesapeake Bay, its
effect is more ecologically destructive in the warmer
waters of Mexico. For example, eutrophication in
the Sea of Cortez is a main source of stress on coral
reefs—which have a higher concentration of biolog-
ical diversity than most tropical forests—and coastal
plankton.49

Durum wheat is used to produce dry pasta and pasta
products. The food processing sector has been among
the largest recipients of FDI inflows to Mexico since
NAFTA investment liberalization disciplines were set
out in Chapter . FDI inflows have more than
doubled in Mexico’s food processing sector, to more
than . billion, concentrating on a narrow set of
value-added food processing activities, led by pasta
(and followed by confectionery products, for which
corn syrup is increasingly used as an input).50 As
Mexico’s domestic production capacity for pasta
foods has increased, so too have its exports to the
United States. Since NAFTA, Mexican exports of all
kinds of pasta have grown relatively constantly, from
 million kilograms in  to more than  million
kilograms in  (see Figure ).

FRESH VEGETABLES AND FRUIT

Horticulture has seen its export earnings roughly
triple since NAFTA took effect, up to . billion
in . Since enactment, the volume of fresh 
vegetable exports has increased by  percent, and
of fresh fruit, by  percent. This production and
export growth has resulted in an increase in the total
area of cropland dedicated to vegetables and fruit.51

The most pronounced structural change in Mexico’s
agricultural sector due to NAFTA has occurred in
the fresh vegetables and fruit sector.52 The most
important aspect of this structural change is the
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expansion in the average farm size among export-led
producers in the grains and horticultural sector, and
a decline in the number of individual farms engaged
in export markets. In the north, northwest, and
central plateau areas, a smaller number of larger
farms are owned either by wealthy families or by
commercial interests.53 Typically, these farms have
strong links with external markets, through contract
farming (see page ) and ready access to domestic
and external credit sources. Larger farms specialize
in a limited number of monoculture commercial
crops. This specialization entails replacing on-farm
inputs such as organic pest control and local fodder
and composting with pesticides, commercial animal
feeds, and fertilizers. Specialization also entails
higher rates of irrigation per hectare, and the
replacement of traditional seed varieties with hybrid,
purchased seeds (as well as biotechnology seeds for
cotton crops).54

By contrast, in the southern and southeastern
regions of Mexico, there are a larger number of
smaller farms, with an average size between  and

 hectares. Farms are either owned by single fami-
lies or compose part of ejido (community) hold-
ings. Smaller farms produce heterogeneous crops
for on-farm consumption, barter as well as some
limited farm-gate exchange, tend to use few inputs
such as pesticides or fertilizers, and rely little on
irrigation. High obstacles are one reason for this
low level of capital intensity that small farmers
face in getting access to all credit sources in
Mexico. As a consequence of this credit squeeze,
up to  percent of ejido farmers in some regions
(for example, Sonora) have decided to abandon
farming altogether. (This figure is probably much
higher than in other regions, since less land
appears to have been transferred out of common
property than originally feared. For those who
remain on the farm, barely  percent of house-
hold income for ejido farms in some regions is
generated through on-farm crop cultivation and
animal husbandry.) 

As noted in chapter , income divergence within
Mexico has increased over the past decade, measured
by any number of indicators. Nowhere is this diver-
gence more dramatic than in the farm sector. From
an environmental perspective, poverty in Mexico is
concentrated in regions—particularly in Oaxaca and
Chiapas—that house some of the world’s richest
abundance of biological diversity. 

The production of commercial fruits and vegetables
in the northern region leads to nitrogen pollution
similar to that generated in the maize and wheat
sectors. However, the most significant environ-
mental stress that arises from this sector is water
scarcity. On average, one-third of Mexico’s total
cropland is irrigated, one of the highest concentra-
tions of irrigated farmland in the world.55 There has
been a slight increase in the total amount of irri-
gated land in Mexico since NAFTA, as the most
dramatic rise in irrigation occurred during the pre-
vious decade (see Figure ). 

Research shows that irrigated groundwater for
water-intensive crops such as tomatoes, pecans, and
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alfalfa is applied on average more intensively for
export crops than for crops bound for the domestic
market. Evidence from Sonora demonstrates that
export crops in the fresh fruit and vegetable category
consume  to  percent more groundwater irriga-
tion than crops intended for domestic consumption. 

Larger farms use significantly greater amounts of
irrigated water per yield than single-family or ejido
farms. A number of factors explain this correlation
between farm size and irrigation intensity, beginning
with the degree of technological specialization that
generally can be associated with larger farms, as 
well as the water abundance of the southern regions.
Nevertheless, larger farms use irrigation more
intensely in Mexico, suggesting a convergence
between intensity of irrigation and farm size like
that observed in the United States. (In the United
States, larger farms have a tendency to use irrigation
systems more than smaller farms, and a tendency to
use irrigation system more efficiently and accurately.
Irrigated farms in the United States also generate
twice the income of their rain-fed counterparts.)56

However, the inverse correlation of farm size and
irrigation intensity is more dramatic in Mexico,
where a full  percent of ejido and single-family
farms in some regions do not use irrigation of any
kind.57 The most plausible explanation for this
absence of irrigation intensity can be traced directly
to the virtual disappearance of rural credit in the
past decade. As noted,  percent of ejido farmers in
some regions have abandoned farming altogether,
and rented their right of access to groundwater wells
and irrigation systems to larger private or corporate
farm interests.

This pattern of larger farms using greater amounts
of irrigated groundwater for export crops is exacer-
bated by the structure of ejido ownership, which
constrains the amount of groundwater extraction so
as to ensure an equitable sharing of resources among
eight to twelve owners. By contrast, larger farms are
not constrained by any equitable sharing considera-
tions, which suggests that they are less sensitive to
water scarcity and water stress signals than are

ejidos.58 In addition, the pattern of water irrigation
subsidy payments is slanted—as subsidy payments
generally are—in favor of larger, commercial farms.
As noted below, subsidy payments generally further
cloud scarcity signals, and lead to resource stress and
environmental pressures. 

As a result primarily of water consumption from the
farm sector, water scarcity has become so acute a
problem in Mexico that bulk water transfers—pro-
hibited in Canada because of their negative environ-
mental impacts—have compensated for regional
water deficits. In total, agricultural irrigation is
responsible for approximately  percent of total
groundwater draws in Mexico. Of the  aquifers
in the country, more than  face high rates of
depletion. The greatest concentration of depleted
groundwater sources is in the northern agricultural
regions and in the Lerma-Balsas Basin.59

Irrigation inputs for export crops have been linked
to the U.S.-Mexican dispute over water flows and
quotas of the Rio Grande. The United States and
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Mexico have established water-sharing quotas for
that river, under a  treaty administered by the
International Boundary and Water Commission.
Since , Mexico has run a deficit with the United
States that now exceeds  billion gallons of water.
Mexican authorities blame severe drought condi-
tions for their decision to withhold northward water
flows from Mexico into Texas. In turn, farmers in
Texas have faced acute water shortages, leading to a
 percent decline in crop output in some regions.
Some of these farmers, and state and other officials
in the United States, allege that some of the 

billion gallon deficit has been diverted to water-
intensive agricultural production in Mexico, with
exports destined for the United States.60 (In early
September , the two countries announced a
timetable for Mexico to begin paying down the
water deficit.) 

When one considers this water deficit with the
United States, and mounting water scarcity within
the export centers of northern Mexico, it is also
worth noting that Mexico’s horticultural exports

are the equivalent of transferring millions of
gallons of freshwater each year to the United
States. While it is impossible to calculate this net
transfer in water equivalents for all agricultural
trade, I will consider here the example of a single
crop, tomatoes. Figure  illustrates the expansion
of tomato exports from Mexico to the United
States since . As noted, exports of tomatoes
increased by  percent since , with trade
growth strongly affected by NAFTA. Water makes
up approximately  percent of tomatoes by
weight. A proxy estimate of the water transfers
from Mexico to the United States alone through
tomato exports is roughly  million gallons of
freshwater per year since .61 

LAND-SAVING BENEFITS AND INTENSIVE FARMING

NAFTA is neither the sole cause, nor, in most cases,
the primary cause of growing environmental pres-
sures associated with Mexico’s agricultural sector.
Mexico’s changing agricultural patterns date back 
to the s, when the government encouraged
export-oriented agricultural production by facili-
tating large-scale farming through land law reforms.
That said, NAFTA liberalization in maize, wheat,
and fruits and vegetables has accelerated and 
deepened this trend toward export-oriented, 
chemical-intensive production.62 The key question 
is whether this shift toward intensive farming has, 
on a net basis, delivered environmental benefits, as
well as the obvious environmental costs associated
with pollution and water stress. 

One tenet of the green revolution is that, despite
localized increases in pollution, environmental 
benefits can accrue based on large-scale, intensive
farming. These benefits arise from land-saving and
land-offsetting effects of intensive farm produc-
tion.63 With the increased reliance on capital inputs
such as fertilizers, pesticides, and bioengineered
seeds, production efficiency increases on average,
either by reducing the total amount of land needed
for comparable yields or by increasing the yield per
hectare of existing land use. This increase in produc-
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tion efficiency reduces pressure on farms to convert
additional lands, including marginal lands or forests,
to meet the rising demand for food. A stylized
image of this hypothesis is that of a seesaw: The
more that specialization and intensive farming goes
up in one region, the more that land-use pressures
associated with extensive farming recede elsewhere. 

Although the extent of potential benefits is specific
to the region under consideration, Pedro Sanchez
and others have argued that, as a rule of thumb, for
every hectare of land that is converted into intensive
farming, between  and  hectares of tropical
forests will be conserved elsewhere.64 In the United
States, for example, intensive farming has been esti-
mated to “save”  million hectares of forests that
otherwise would have been cleared for farming.

In areas with smaller, low-productivity, unprofitable
farms, the lack of access to working capital means
that environmental problems associated with fertil-
izers and pesticides are almost entirely absent.
However, more serious from an environmental 
perspective is the strong link between impoverished
southern rural areas and changes in land use, 
deforestation, and habitat destruction and fragmen-
tation.65 Rural poverty is the leading cause of 
environmental degradation in the Lacandon
jungle—among the richest habitats on the planet.
Poor farmers continue to clear tropical forests to
plant crops. However, since the nutrient composi-
tion of tropical forests is concentrated in the
biomass of trees above, and not in the soil found
below, farmers usually get only one crop per season
before soils are exhausted of nutrients, and they are
forced to move elsewhere to clear additional forests
for more cropland or grazing areas. 

However, evidence from Mexico and elsewhere now
shows that land-saving benefits that could arise from
intensive farming are neither automatic nor of the
magnitude observed in industrialized countries such
as the United States. One reason for this failure to
deliver automatic land-saving benefits may be that
the returns of the green revolution began to bottom

out some years ago.66 For example, soil degradation
arising from high levels of salinity has reduced crop
output in many commercial farming regions. 

Diminishing returns of intensification may partially
explain why the expansion of commercial farms in
the northern and central regions has not resulted 
in forest-saving benefits in the southern regions.
However, the most plausible explanation for the
failure of land-saving benefits to occur is the 
structural bifurcation of Mexico’s farm economy.
Productivity gains occurring in the northern and
central regions have little or no impact on subsis-
tence farming and associated land clearing in the
poorest, southern regions of Mexico. The simplest
explanation is that the seesaw does not work,
because it has become unhinged in the middle.
NAFTA accelerated and deepened the structural
divide between large-scale, vertically integrated,
export-oriented farms and small-scale, subsistence
farms to the extent that no market signals are trans-
mitted between the two. (Even in well-functioning
markets, increased economic opportunities can also
lead to an expansion of crop areas.) 

In well-functioning markets, as the total amount 
of available land shrinks, farmers will increase
capital inputs as the principal means of increasing
yields. The single most important catalyst of more 
intensive farming is land scarcity. In Mexico, one
potential cause of land scarcity—particularly in the
southern regions—is the nature reserves throughout
Mexico, with a total land coverage of priority bio-
sphere reserves. In the past, these reserves were little
more than “paper parks”—lines on a map with little
or no budget for enforcement. However, with the
support of the U.S. Agency for International
Development, the Global Environment Facility, 
Pro Natura, and other groups, the newly established
Mexican Fund for Conservation of Nature has a
total funding base for all protected areas of .

billion per year.67

Despite increased spending, some of which can be
attributed to more general environmental cooperation
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that NAFTA has supported, nature reserves in
Mexico remain chronically underfunded and 
underenforced, which leaves them vulnerable to
illegal land use, animal husbandry, and competition
among indigenous groups and others.68 Since, by
definition, setting aside protected areas creates losers
in the immediate regions in which reserves are
created, neighboring residents have a high propen-
sity to cheat, by way of illegal logging, land clearing,
and corruption and nonenforcement among park
officials.69 Therefore, potential land-scarcity signals
that could originate from reserves, which would 
in well-functioning markets lead to land savings
through intensive farming, are probably not
affecting land-use decisions in Mexico. 

Other, nontrade factors clearly contribute to the dete-
rioration of pricing and other signals linking com-
mercial and small-scale farms. Four are noted below. 

Farm Subsidies. As in other countries, the pattern of
subsidy payments in Mexico supports large-scale
farms over small ones.70 Although farm-sector
lobbyists argue that farm subsidies generally are
needed to support farm income, payments are not
being channeled into the most impoverished areas
of southern Mexico. At the aggregate level, only
one-quarter of total farm subsidies support farm
income. By contrast,  percent are directed to
offset capital costs of various production inputs—
such as fertilizers, herbicides, machinery, and farm
fuels, as well as to change the market value of
farmland. Since extensive farms by definition do not
specialize in capital inputs, most farm subsidies are
directed toward larger, intensive farming operations.
For example, the structure of water irrigation
subsidies disproportionately favors large-scale farms
over small ones, while the pattern of payments
under the PROCAMPO and ASERCA programs
also appears to benefit large-scale farmers.71

Moreover, PROCAMPO payments are intended to
bolster land saving by supporting liberalized,
intensive farming. However, they have had the
opposite impact in the Yucatan Peninsula, where
rates of deforestation have accelerated by as much as

 percent, largely because PROCAMPO increased
land values, which had the effect of accelerating
land clearing rather than intensification on existing
lands (see Figure ).72

The environmental impacts of production subsidies
are well documented,73 and include overproduction
and excessive application of agrochemicals, irriga-
tion, and other production inputs. Although
NAFTA was hailed as an environmental agreement,
its failure to include strict disciplines that constrain
farm subsidy payments has rendered various envi-
ronmental safeguards (with the possible exception of
food safety standards) powerless to minimize envi-
ronmentally damaging subsidy payments. NAFTA
has therefore been no more successful than the
WTO in constraining subsidy payments in North
America, most recently seen in the United States in
the increase in total farm payments under the 

Farm Act. This increase in subsidy payments in the
United States is closely related to an increase in
some subsidy payments in Mexico.74

Contract Farming. The bias of subsidy payments
toward commercial farms is reinforced by the
increased reliance on contract farming as a primary
avenue of Mexican agricultural exports to the
United States, especially for fresh vegetables and
fruit. Contract farming is hardly unique to Mexico,
nor can it be attributed to NAFTA.75 The main
environmental effect of contract farming is the
imposition of production criteria by suppliers on
growers. Typically, these criteria cover not only
price, quantity, and quality, but some production
specifications, including the mandated use of fertil-
izers, pesticides, and other technical specifications
that only larger farms can afford.76 Field research in
Guanajuato shows that contract buyers exclusively
engage in business with large-scale growers. This is
done to reduce transaction costs. Average farm size
in Guanajuato for farms under contract is 

hectares, more than ten times the average size of an
ejido.77 For tomato farms in the region, the average
farm size is , to , hectares. Supply con-
tracts explicitly set out requirements for pesticides,
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fertilizer, and other production inputs (for example,
plastic sheet covers for tomato farms). 

Narrowly speaking, NAFTA has had no bearing 
on how private commercial contracts between
exporters and buyers are negotiated and imple-
mented. However, the structure and pattern of
export growth in the horticultural sector has been
strongly affected by NAFTA. This expansion has
led to structural changes favoring larger farms,
which in turn are strongly favored by large-scale
buyers entering into contract farm arrangements.
The structure of these arrangements suggests at the
very least a tension among NAFTA liberalization of
some barriers (notably tariffs and tariff-rate quotas),
the diminished role of spot markets, and their
replacement with consolidated markets serving
large-scale, oligopolistic buyers. 

Disappearing Rural Credit. The pattern of larger,
export-oriented farms supported by subsidies and
commercially engaged through contract farming is
magnified by the dramatic retreat of all commercial

credit from smaller farming operations. With the
consolidation of Mexico’s banking sector during the
s78 (see Figure ), credit policy and risk man-
agement procedures have become more homoge-
neous, and have explicitly turned away from the
financing of smaller-scale businesses of all kinds.
Banks in Mexico have complained to the World
Bank about the lack of “creditworthy” clients, and
credit is increasingly directed to larger corporations
and government agencies.79

As commercial credit evaporated for all small enter-
prises, Banrural, the public development agency for
rural credit, was until  the sole credit source for
small farms in Mexico. However, immediately upon
its creation, Banrural shrank the number of out-
standing loans by half.80 Even with this rationaliza-
tion of credit policy, the performance of Banrural has
been miserable by any standard. In ,  percent
of its portfolio was nonperforming. The collapse and
dismantling of public agencies and credit institutions
coincided with the dramatic consolidation of private-
sector capital that was clearly unwilling to fill the
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void left by public microfinance policy in full retreat.
(In May , the World Bank announced a 

million loan to liquidate Banrural and begin again,
with a new rural credit agency devoted to low- and
middle-income farmers.)81

The scarcity of farm credit has profoundly affected
land-use decisions. As noted above, the leading
reason why single-family farms and ejido farmers in
some commercial regions rent their lands to private
commercial interests is the absence of rural credit.82

Evidence also suggests that whatever farm credit
which is extended tends to favor intensive farming.
That is, farms that receive credit usually defer deci-
sions about fertilizer dose amounts to the recom-
mendations of credit authorities, who recommend
an “excessive” use of fertilizers.83 In addition,
financing extended through contract farming
appears more plentiful, and much cheaper. U.S.-
denominated farm loans to support exports in the
Yaqui Valley have interest rates of  to  percent,
while peso-denominated farm credit—if it is avail-
able—is between  and  percent. (Black market
rates can exceed these levels per month.)84

The Cost of the Dual
Economy on Biological
Diversity

It is impossible to quantify the total value of
Mexico’s tropical and other forests, environmental
services derived from wetlands and other habitats,
and biological diversity. One of the few global esti-
mates, by Constanza et al. (), suggests that the
total annual value of the world’s ecosystem functions
is approximately  trillion.85 Although this
study is useful in suggesting the order of magnitude
of environmental values, it has come under criticism
on various fronts, largely on methodological
grounds. 

At the same time, it is clear that most environmental
values—but particularly those values associated with
biological diversity—remain uncounted, under-
valued, and external to market prices. In one small
step to redress this externalization problem,
numerous environmental valuation field studies have
been conducted in Mexico. The combined economic
values suggested by these studies are impossible to
aggregate, since they rely on different methodologies
and baselines, generally consist of decentralized
research (unlike the climate change agenda, which is
conducted under the UN Intergovernmental Panel
on Climate Change), and tend to concentrate on
very small areas, such as lagoons or specific parts of
tropical forests or coral reefs.86

Despite the difficulties in valuing Mexico’s forests
and biological diversity, we know with certainty that
those values are substantial, conservatively running
into billions of dollars for direct values such as eco-
tourism. Other values are more difficult to quantify.
For instance, the value of a single wild-grass peren-
nial grass variety related to maize is estimated to be
. billion per year.87 Potential revenues from
carbon sequestration are in the range of .

million to  million for Mexico’s forestry
sector alone, depending on the price per ton of
carbon equivalent in world markets.88 The value of
possible carbon sinks from low-till farming, as well
as grasslands and commercial and other forestation
projects outside tropical regions, is much higher. 
Rather than attempt to quantify the full value of
Mexico’s biological diversity that has been put at
risk because of the cycle of rural poverty and
changes in land use from slash-and-burn clearing,
one could take the more practical approach of iden-
tifying practical and achievable policy options as a
means of gauging the transfer of benefits associated
with conservation of Mexico’s biological diversity.
Some of these benefit transfers are noted below.
They include ecotourism and shade-grown and
organic produce, both of which gain their market
and revenue value precisely because of the worth
consumers place on biological diversity. 



Lessons and
Recommendations

Structural changes under way in Mexico’s agricul-
tural sector did not begin with NAFTA, nor has
NAFTA been the sole cause of these changes.
However, structural changes influenced largely 
by NAFTA in the horticultural and grains sectors
reinforce and magnify changes that are further
influenced by other, non-NAFTA forces, such as 
the liberalization of the financial services sector and
consolidation of export farms through subsidy 
payments and contract farming. Moreover, NAFTA
has prompted action among rural communities to
reopen the trade agreement to take into account the
vulnerability of communities to trade, including the
adoption of the National Rural Accord by commu-
nities in the spring of .89

NAFTA has reduced some pricing distortions, by
lowering or eliminating tariffs and tariff rate quotas.
At the same time, NAFTA has failed to constrain
the use of farm subsidies, which have deepened
pricing and market failures and accelerated environ-
mental degradation through overcapacity. Structural
changes linked with trade growth have introduced
new forms of market failure, in particular the
replacement of spot markets for fruit and vegetables
with concentrated markets patronized by oligopoly
buyers exerting high levels of buying power through
contract farming. A similar oligopoly in the private
banking sector helps explain the virtual disappear-
ance of private credit for small and mid-sized enter-
prises, in particular small-scale farms. 

Those worst affected by structural changes associated
with trade liberalization and trade growth are Mexico’s
poor farmers. Alan Winters observes that the poor in
developing countries are disproportionately affected by
trade liberalization: Adjustment periods for the poor
are long and very costly. Winters concludes that the
industrialized countries can offer little guidance to
developing countries in addressing the problems of the
poor who have been adversely affected by free trade.90

The most important challenge from an environ-
mental perspective alone is to address the plight of
small-scale farms in Mexico, by identifying commer-
cially viable revenue sources that are equal to or
greater than the subsistence income derived from
subsistence farming on marginal lands.91 Given 
the strong pull that southern farmers, indigenous
peoples, and communities in the region feel toward
their land, providing grants for employment
training and relocation—even if financing were
available—would not break the circle of poverty 
and environmental degradation. 

One source of hope may originate in markets that
are taking shape because of environmental consider-
ations. The global market for environmental goods
and services remains fragile and incoherent.
However, evidence suggests that small-scale, under-
capitalized farms can gain a comparative advantage
in several environmental market niches such as
organic goods, precisely because they cannot afford
fertilizers, herbicides, pesticides, and GM seedlings.
Consumers in Europe, Japan, the United States,
and Canada are showing an increased preference for
produce that is not grown with pesticides or other
input. For example, the global market for organic
foods alone exceeds roughly  billion a year,
and remains the fastest-growing segment of the
food industry, recording sales volume increases of
 to  percent per year. The North American
market for certified, shade-grown, sustainable coffee
is  million on the retail side, while the global
market value (including noncertified coffees that
are marketed as sustainable, bird-friendly, organic,
or under other labels), is  million per year in
retail sales.92

Mexico is the world leader in shade-grown organic
coffee; similar opportunities exist for other crops,
including traditional maize varieties, cocoa, spices,
honey, and palm. The environmental benefits of
these kinds of products are well documented in
some cases. For example, coffee grown under tree
canopies typically has  percent more on-site bird
life, compared to sun-grown coffee raised on plan-
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tations that clear forests.93 Similar markets for 
ecotourism and eventually carbon sequestration 
are likely to channel new revenues into southern
Mexico.94

Although these markets are small, they require
capital to overcome market failures, as well as to 
differentiate their products in the market through
labeling, certification, and the use of geographic
indicators, and to arrange transportation and over-
come intermediary market barriers. One of
NACEC’s outstanding contributions is to create a
special fund to support small-scale, community, or
cooperative-based shade-grown coffee certification
and export promotion in Oaxaca, Chiapas, and
other regions of southern Mexico. Among the sup-
porters of the fund are Banamex and the govern-
ment of Mexico. This fund is building one bridge
between the two farm economies of Mexico.
Working with the reconfigured coffee subsidy pay-
ments can make it possible that Mexico’s poverty
circle can be broken thanks to new markets that
value environmental attributes. 

This chapter has described a series of issues that,
taken together, continue to affect agriculture in
Mexico. These include trade liberalization prompted
by NAFTA, the liberalization and consolidation of
the financial services sector, the concentration of
vertically integrated sectors within Mexico’s farm
economy, the effect of agricultural subsidies, and the
increasingly important pull that contract farming is
exerting on the production decisions of farmers.
NAFTA is not the cause of these issues’ emergence,

but it remains the focal point of most liberalization
reforms undertaken in Mexico since . From an
environmental perspective, these liberalization issues
are linked together by a chain of poverty affecting
poor farmers, indigenous peoples, and communities
in southern Mexico. Initiatives that support sustain-
able niche markets will not break this chain of
poverty and environmental degradation. However,
evidence from market analysis and sales shows 
signs of hope that new income sources from green
markets can bolster environmental protection 
by opening new revenue sources to the poor.

Neighboring countries in Central and South
America have different histories, economic and envi-
ronmental endowments, social traditions, and levels
of economic reform. At the same time, many of
these countries share a common environmental her-
itage, from the Meso-American biological diversity
corridor to rich ecosystems of coastal marine and
tropical forestry areas in South America. There is 
no one-size-fits-all formula for how to anticipate 
the environmental effects of trade liberalization.
However, we do know that the poverty-environment
nexus in the agricultural sector will be affected in
similar ways, as in Mexico during the s.
Anticipatory policies include ensuring that working
capital is available to small farms when it is most
urgently needed during the transitional period of lib-
eralization; that liberalization schedules do not open
vulnerable markets too quickly; that discrete envi-
ronmental markets are supported; and that environ-
mental monitoring and data are focused from the
outset, to track and offset scale impacts of free trade. 
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