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Preface 

 

U.S./Mexico Binational Border Transportation Planning and Programming Study implements a 
significant binational policy making document entitled “Memorandum of Understanding on the 
Planning Process for Land Transport on Each Side of the Border” signed by the federal 
governments of Mexico and the United States at the first “NAFTA Transportation Summit” held in 
Washington, D.C., April 29, 1994. 

The purpose of this study is to provide policymakers with information needed to establish a 
continuous, joint, binational, transportation planning and programming process. A goal of this 
study is to improve the efficiency of the existing binational policy making planning procedures and 
funding criteria affecting our Border Land Transportation Systems (BLTS). The BLTS should be 
seen as a binational transportation system made of international bridges and border crossings 
and land connections to major urban and/or economic centers, principal seaports, airports and 
multimodal/transfer stations, and ultimately, to national transportation facilities. 
 
  

Disclaimer 

 

The purposes of the Binational Planning and Programming Study and all of its reports were: to 
investigate current state and national transportation planning processes in both the United States 
and Mexico, to review available data on border transportation infrastructure and goods movement, 
and to recommend an ongoing, binational planning and programming process. The information 
contained in these reports was not developed to serve as the basis for making funding allocation 
or distribution decisions at either the federal or state level in the United States.
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11.1 
Introduction and Summary of Findings 

The purpose of this task report is to identify how trade (commodity flows) will change over time in 
response to international and domestic markets and to evaluate how these changes may affect 
modes of transport and routes. This assessment takes into account the effects of new 
technologies, new business logistics strategies and alliances of United States (U.S.) and Mexican 
firms. It also reflects an assessment of efforts underway by other binational groups working to 
resolve transportation, energy, housing and environmental issues. 

Taking all factors into account, the Binational Study team foresees a continuation of current trends 
over the next five years rather than any dramatic changes. As this report and the summary below 
will point out, no significant changes are expected in trade patterns, the pace of technology 
absorption, or the effects that emerging business alliances and logistical practices will have on 
the mode of transport or gateways used for U.S.-Mexico trade. A dramatic rise is expected in the 
value and volume of cross border trade, but this rise follows the rapid growth evidenced during 
the past five years rather than charting new ground.  

Problems resulting from growth will intensify as the number of residents, jobs, private vehicles 
and trucks increase along the border. Many binational groups are working to address these 
issues, and some headway is occurring; but progress is slow due to a shortage of capital for new 
infrastructure. 

These factors all point to the need for gaining efficiencies from existing investments and making 
strategic selections for new transportation and related facilities. This can occur through 
coordinated, ongoing transportation planning and programming processes. 

11.1.1 Trends in International Trade 

The second chapter of this report discusses the trends in international trade that may affect 
investment decisions for Mexico and the United States. It is clearly evident that foreign trade is 
becoming a larger part of both nations' economies. As a consequence, more attention is being 
paid to transportation issues which affect this trade. Trade agreements such as the General 
Agreement on Tariffs and Trade (GATT) and North American Free Trade Agreement (NAFTA) 
have spearheaded significant increases in trade with many parts of the world. 

In the case of Mexico, over 90 percent of its growth in exports and 80 percent of its growth in 
imports, from 1990 through 1995, was with the United States. For the United States, Asia 
accounted for nearly 40 percent of the 1990 through 1995 growth of exports and 47 percent of 
imports growth. Canada and Mexico, when combined, captured the next largest share of growth, 
32 percent of exports and 34 percent of imports. 

Given the distribution of world output and proximity of markets to North America, it is likely that 
growth in trade over time will focus more on the Americas and Asia, and less on Europe and the 
Middle East. The United States and Mexico will increasingly become more important to one 
another as sources of production and consumption for merchandise goods. 

This observation is particularly true for the U.S.-Mexico border states. Over the three-year period 
from 1993 to 1995, Texas shipped 36 percent of its total exports to Mexico, and 22 percent of its 
exports to Asia. The corresponding market shares for New Mexico were 16 percent (to Mexico) 
and 44 percent (to Asia). For Arizona, 24 percent of its merchandise exports went to Mexico while 



Introduction and Summary of Findings 

Barton-Aschman 2 La Empresa 

39 percent went to Asia; and California's export market shares were 9 percent and 52 percent, 
respectively. 

While Mexico's export records do not accurately reflect the state of production, it is possible to 
examine the employment of the maquiladora industry as a surrogate indicator of trade as it 
impacts the border states. Over the six-year period, from 1990 to 1996, the number of 
maquiladora employees in Baja California grew from approximately 87,000 to 170,000. Sonora 
witnessed similar growth trends, with maquiladora employment increasing from 26,000 to 63,000. 
Chihuahua continued its role as the state having the largest number of maquiladora employees, 
increasing its numbers from 122,000 in 1990 to 231,000 in 1996. Coahuila saw its maquiladora 
employment grow from 22,000 to 67,000 while Tamaulipas experienced a growth from 79,000 to 
131,000.  Comparable data was not available for Nuevo Leon.  However, between 1990 and 
1993, maquiladora employment in Nuevo Leon increased from about 11,000 to 22,000 jobs.  The 
vast majority of this maquiladora employment is tied to the production of components and the 
consumption of finished assemblies (products) in the United States. 

Short-term trends indicate continued, rapid growth in northbound trade flows from Mexico to the 
United States, moderate-to-rapid increases in southbound flows to Mexico, rapid growth in east-
west flows to and from Pacific Coast ports, and moderate growth in flows to and from East Coast 
and Gulf of Mexico ports serving European and Western Hemisphere trade.  

11.1.2 Changes in Transport-Related Technologies 

The third chapter of this report describes the status of goods transport technology and how this 
technology might affect transportation supply and demand, and infrastructure requirements. The 
investigation focuses on technological innovation and practice in the United States as a barometer 
of what may eventually evolve within Mexico for accommodating binational trade. 

Due to the pace of innovation, the chapter dwells heavily on the development and application of 
information technologies within the freight transport sector. While progress is rapid in the United 
States, the absorption of this technology in Mexico is generally slow for overland transporters. 
These firms do not consider information technology to be a primary factor in either the productivity 
or profitability of their businesses since many of these technologies involve trade-offs of capital 
investment for labor savings. 

The chapter also discusses hardware innovations in some length as U.S. railroads, maritime 
carriers, trucking firms, and port operators have made great strides in improving their efficiencies. 
In Mexico, overland transporters are placing foremost priority on upgrading their power units, and 
secondly their conveyances, i.e., trailers. They seek to match specialized equipment against 
special needs and to reduce tare weights of unloaded vehicles. Certain unique situations exist in 
Mexico which constrain the pace at which new equipment can be deployed, however. 

The current cost of money is very high in Mexico compared to the United States. After inflation, 
interest rates have recently been 16 percent compared to 5 to 6 percent internationally and 3 to 
5 percent in the United States. Depreciation schedules (for tax purposes) are more accelerated 
in Mexico and labor costs are less than the United States. These factors combine to make it 
relatively expensive to invest in new equipment and more financially advantageous to purchase 
used equipment, of which a ready supply exists in the United States. 

New technology is entering Mexico's transport sector, but is lagging the United States by perhaps 
seven to ten years. For the most part, the priority of investment is toward equipment hardware 
rather than information technology. Given these investment priorities, Mexican firms feel that 
much of the technology currently being explored to speed up border crossings will be of little use 
as they will not be equipped to use it. 
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In light of this slow pace of technology absorption, the Binational Study team concludes that in 
the foreseeable future north/south transport modal preferences and resulting cross-border 
congestion will depend more on the type and location of trade activity than technological 
assimilation. 

The choice of transportation mode will depend to a large extent on the type, value and weight of 
the commodity being shipped. In U.S.-Mexico trade, rail and maritime modes are typically used 
for transporting high-bulk, high-weight, low-value commodities such as grains and minerals. No 
change is foreseen in future modal preferences for these types of commodities. 

Transport of border state maquiladora trade to and from the assembly plant involves collection or 
distribution of the product (at the maquiladora plant), crossing the border, and transport of the 
product to its destination. For the collection/distribution of the product, the vast majority will 
continue to be transported by truck, rather than rail, due to the greater availability of road networks 
to plant sites. Once on the truck, the product will stay on the truck to cross the border. 

Intermodal rail may become a significant competitor to long-distance truck movements for non-
border state maquiladora trade. The cost and availability of capital for upgrading Mexico's 
privatized rail lines will greatly affect the speed at which this transformation occurs. 

Traditional trade of large or frequent shippers travels by long-distance truckload service for the 
most part. These shippers have invested substantial sums of time and money to optimize the 
logistics of transporting their product to and across the border. They have negotiated their way 
through the maze of institutional regulations, processes and human factors that are encountered 
at the border. They continuously "shop" for the best transport rates and most reliable, and time-
efficient carriers, freight forwarders and custom brokers. They warehouse their produce where it 
is most advantageous for distribution and/or where space is available. These factors are unlikely 
to dramatically change over the next five years. It is felt that technology enhancements will 
continue to favor truck transport for this market segment—even if distribution patterns change. 

Traditional trade involving small and infrequent shippers will continue to move by truck and air 
modes rather than intermodal rail. Use of the Internet and full deployment of the North American 
Trade Automation Prototype (NATAP) should allow small players to both enter the U.S.-Mexico 
trade market and compete effectively with larger shipping and transportation firms, however. 

11.1.3 U.S.-Mexico Strategic Alliances and Changes in Business Logistics 

The fourth chapter of this report begins with a review of changes occurring in the United States 
and now being introduced into Mexico in the logistics arena. Much of this discussion is tied to the 
information technology addressed in the prior chapter; acknowledging that modern logistics 
practices are being used by only the top five percent of shippers operating in the U.S.-Mexico 
market. 

Third-party logistics providers are becoming more commonplace as shippers attempt to reduce 
non-manufacturing expenses. These logistics companies are highly competitive and offer a varied 
menu of bundled or individual services to meet a myriad of shipper needs. 

One of the major dedicated contract logistics providers currently operating in the Mexican market 
is DCS Logistics, a joint venture between Transportacion Maritima Mexicana S.A. de C.V. (TMM) 
and J.B. Hunt. Logistica, as the company is also known, leverages in the in-country resources 
that TMM provides with Hunt's technology capabilities to meet the logistics service needs of such 
companies as Grupo Cifra, Mexico's largest retailer. In addition, Logistica is providing fleet 
management and distribution services for Wal-Mart and Sam's Club on the Mexican side of the 
border. Their use of such technological tools as automated routing and route planning software 
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makes the company one of the highest profile participants in the market offering insider expertise 
and state-of-the-art technology. 

Other prominent third parties are also establishing a presence in Mexico's new and rapidly 
developing market. Their focus is on the larger, more sophisticated shippers operating in the 
marketplace, but their long-term goals include the small- to mid-sized Mexican shipper who will 
be developing a need for their services over the next 5 to 10 years. 

In addition to third-party logistics providers, transport service providers are forming strategic 
alliances as well in an attempt to overcome some difficult issues and to expand market penetration 
on both sides of the border. One such issue has been a lack of equipment availability within 
Mexico, particularly for northbound shipments. A recent U.S.-Mexico Transborder Logistics 
survey of the largest shippers on both sides of the border found that "equipment availability and 
reliability" and "cost" were the key factors that would cause traffic managers to switch modes or 
suppliers. Carriers have responded by coordinating fleet movements, both front hauls and 
backhauls with a trusted counterpart on the other side of the border. 

Intermodal and rail alliances continue to develop as well, with recent privatization of the main 
FNM Laredo to Veracruz rail line going to an alliance between Transporte Ferroviaria Mexicana 
(TFM) and Kansas City Southern Railroad. Extensive market research conducted by TFM prior 
to their successful bid offer convinced the alliance that market share could be regained from 
trucking, and that the overall market was expanding as well. 

In observing the advancements underway within Mexico, one sees a market already positioning 
to meet the stringent demands of its producers operating at a global level while laying the longer-
term groundwork necessary to elevate even the most common shippers to higher logistical 
standards and procedures. Though this complete market revolution is several years in the future, 
the seeds for its success have been sown, and are exemplified in the examples of services and 
alliances already taking place. 

11.1.4 Progress of Binational Working Groups 

Future U.S.-Mexico trade and passenger flows will be impacted by the degree to which population 
and employment increases can be supported by physical and social infrastructure along the 
border. The fifth chapter of this document reports on the progress of binational groups that are 
working to resolve energy, environmental, housing, and transportation challenges along the U.S.-
Mexico border. While these challenges are many, significant effort is being devoted to identify 
and address needs and to develop a framework and supporting mechanisms for undertaking 
coordinated project planning and implementation. 

Within the past three years, a number of important infrastructure projects have secured financing 
and are under construction. These include large and significant energy production and 
wastewater treatment facilities.  For example, in the Fall of 1997, the United States Environmental 
Protection Agency granted $11 million to Ciudad Juarez toward the construction of their first 
wastewater treatment facility.  Other infrastructure initiatives range from collaborative planning 
efforts between communities and citizens, to both joint and separate efforts by the federal 
governments to foster improved policies and regulations for the environment, housing, and 
transportation. 

New institutions have also been established to assist with the development of infrastructure. Most 
notable are the North American Development Bank (NADBank) and the Border Environment 
Cooperation Commission (BECC), both of which were created within the framework of NAFTA. 
NADBank provides financial support to BECC certified projects and BECC facilitates community 
involvement in planning these projects and through technical assistance.  Other binational entities 
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addressing joint, border issues include Border XXI, which focuses on environmental issues, and 
the Binational Bridges and Border Crossings Group which is involved with bridges and border 
crossings, related transportation infrastructure, and facilitation issues. 

Despite these advances, much work remains to ensure a healthy and well-functioning border 
area. Needs include improved government capability, improved legal and regulatory frameworks, 
more viable proposals for border projects, better access to capital markets, and more integrated 
financing strategies. 

Specific needs in the transportation sector have been identified. These include improvements to 
avoid piece-meal development, e.g., projects that are developed on one side of the border 
independent from consideration of or coordination with the projects on the other side of the border. 
Transportation systems need to be viewed in a regional and binational context rather than as 
isolated elements of a larger fabric. More funding is needed to finance worthy projects and 
increased user fees should be considered as a financing alternative. Delays in border crossing 
processing, both traffic queues and administrative requirements, remain a significant problem. 
The Binational Bridges and Border Crossings Group and the Binational Border Transportation 
Planning Joint Working Committee (JWC) are both working to address these and other identified 
transportation needs. 

The forecasts of future trade and economic growth assume that adequate border area 
infrastructure (transportation, housing, energy and environmental systems) is available to support 
this growth, particularly in the short- to mid-term, to year 2000. It is clear, however, that economic 
growth beyond this time frame will require significant investments in transportation infrastructure 
and that projects need to be carefully selected to achieve maximum payback. 

11.1.5 Forecasts of Future Trade Flows 

Bilateral trade flows between Mexico and the United States exceeded $100 billion (based on U.S. 
data sources) for the first time in 1994, following the initial implementation of the provisions of 
NAFTA. This study has developed simplified forecasts of merchandise trade flows which indicate 
that trade between the two nations will rise steadily through the year 2000, surpassing the $200 
billion mark. 

The forecasts reported in the sixth chapter of this document rely upon assumptions about 
economic growth for both countries, as obtained from recognized organizations specializing in 
macroeconomic analysis. The forecast scenarios incorporate information about historical trends 
in growth of product shipments, category shares in the overall mix of products and activity levels 
at each of the four U.S. Customs Districts on the U.S.-Mexico border (San Diego, Nogales, El 
Paso and Laredo). The forecast horizon covers the years 1997 through 2000.  

The chapter begins with a review of the economic environments in the United States and Mexico 
during the recent past, with emphasis on fluctuations in overall trade and bilateral trade between 
the two nations. The U.S. economy has been experiencing a strong expansion since the recession 
of 1991, while Mexico is still recovering from a recession in 1995, the worst downturn in 60 years. 

Next, the macroeconomic assumptions underlying the trade forecasts are discussed. In brief, the 
Mexican economy is expected to continue to show strong gains in real output and a reduction in 
inflation rates during 1997 through 2000 while the U.S. economy will sustain a slightly slower but 
steady rate of growth. Trade will increase in importance for both nations. Mexican exports to the 
United States will remain highly competitive over the forecast period. As the Mexican economy 
strengthens, U.S. exports to Mexico will account for an increasingly larger share of total U.S. 
exports.  
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Forecasts are presented for both value and volume of binational trade between the two countries. 
Since trade flow figures differ somewhat when reported by either Mexico or the United States, 
separate value forecasts are derived using data from both sources. Trade volume forecasts are 
based on U.S. data. 

Bilateral trade values for the year 2000 are forecast to exceed $200 billion from either source 
($233 billion based on Mexican data sources or $211 billion using U.S. data). Using 1995, the 
year following the peso devaluation, as a base for comparison, the value of combined northbound 
and southbound trade is expected to rise by more than $100 billion for the five-year period. 

The volume of trade is projected to increase by nearly 50 percent. All-mode tonnage (rail, truck, 
and pipeline) crossing the border in 1995 was reported by the U.S. Bureau of Transportation 
Statistics to be 49.7 million tons. By the year 2000, tonnage is forecast to increase to 73.6 million 
tons, an increase of more than 23 million tons. 

Based on U.S. data, the forecasts indicate that the value of bilateral southbound trade (U.S. 
exports to Mexico/Mexican imports from the United States) is projected to total about $96 billion 
in 2000, slightly more than double the level of 1995. Mexican data sources show a similar 
increase. Using either data source, the dollar value of trade is projected to increase by more than 
$50 billion between 1995 and 2000. 

The southbound volume of trade is forecast to reach about 42 million tons in 2000, an increase 
of about 43 percent over 1995 tonnage of 29.3 million. The volume increase over the five-year 
period 1995 through 2000 is projected to be 12.5 million tons. 

The value of northbound trade (U.S. imports from Mexico/Mexican exports to the United States) 
is expected to reach $115 billion in 2000, using U.S. data sources for projections. This is an 
increase of about 87 percent over the 1995 value. Mexican data sources yield a similar 
percentage increase (86.4 percent), but the dollar value projected for 2000 is just slightly greater, 
at about $124 billion. 

Northbound tonnage flows in 2000 are projected to increase by about 56 percent over 1995 levels. 
Total northbound tonnage is forecast at about 32 million, compared with 20.4 million in 1995.  

In the final section of this chapter, simplified projections for each of the four U.S. Customs Districts 
are provided. Estimates of future trade flows northbound and southbound for the leading 15 
commodities are provided for value and volume of goods crossing the border. 
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11.2 
Trends In International Trade 

This chapter discusses the trends in international trade that may affect transportation investment 
decisions for Mexico and the United States. This overview begins with a global overview and is 
followed by a discussion of U.S. and Mexico trade trends. The chapter concludes with a report of 
border state trade. 

11.2.1 Global 

International trade continues to grow at an astounding rate. According to the International 
Monetary Fund (IMF), the value of world exports plus imports rose from $6 billion in 1948 to $10 
trillion in 1995. Figure 11.1 charts the course of this rise over the past 10 years, representing a 
compound annual growth rate of 11 percent. 

The growth of the amounts of commerce 
conducted across national boundaries is 
accelerating at a pace in excess of the 
expansions of domestic economies. 
Increasingly, domestic industries are subject 
to competition from imported products and 
services. Domestic companies within those 
industries are seeking profits and market 
share abroad, adding to the explosion of 
global commerce. International trade (goods 
exports) now represents 8.1 percent of U.S. 
Gross Domestic Product (1993 GDP), and 
28.7 percent of Mexico’s GDP (1996 
estimated). 

Developing and newly industrialized 
economies are driving the increase in 
international trade. Global commerce 
continues to shift its focus from the West to 
the expanding economies of the East. The 
Pacific Rim is the engine of the expansion of 
global trade. Of the world's economic output 
of $32.9 trillion, 32 percent is produced by 
Asian economies, as illustrated in Figure 
11.2. 

Figure 11.2 Share of Global GDP by Region
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Figure 11.1 Growth of World Trade
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Traditionally, international commerce was primarily composed of trade involving products 
produced by large multinational corporations (MNCs). The manufacturing and distribution 
activities of MNCs brought foreign investment to developing nations in exchange for access to 
inexpensive commodity inputs and labor markets. Today, the global manufacturing and 
distribution activities of MNCs have expanded to include global marketing of their products as 
developing nations develop their domestic industrial bases and create competitive products for 
sale in the global marketplace. MNC activities are no longer limited to the production of goods. 
The expansion of global trade has seen an enormous increase in the volume of trade in services. 
Global demand for exchanges of communications, banking, legal, information, entertainment and 
consulting services has created a new and dynamic component of international trade, a 
component in which the United States (and the southwestern states in particular) holds a marked 
competitive advantage over its competitors. 

The expansion of international trade and the development of global service industries has been 
aided by technological developments in communications and information services. The 
technological advances creating global communications and information networks have 
contributed greatly to the globalization of business financing, capital markets and transportation 
services. As these services are provided on a global scale, the volume of transnational cash flows 
have increased, creating true global banking and currency markets, linked together by advanced 
communications and information service technologies. 

11.2.2 International Trade Agreements 

Trade agreements are the principal, political arrangements for fostering and governing 
international economic cooperation. Despite declarations of the failure of the Uruguay Round of 
negotiations of the General Agreement on Tariffs and Trade, a new GATT treaty affirming the 
need for free markets and free trade went into force on January 1, 1995. While the scope of GATT 
has been expanded under the treaty to include trade in services as well as create a new 
multilateral trade dispute resolution system under the new World Trade Organization (WTO), the 
new agreement still fails to address non-tariff barriers to trade in many Asian economies (such as 
market entry restrictions). Also, it does not resolve the continuing reliance of European nations 
on subsidies to support critical technologies and industries to maintain competitiveness and on 
price supports for agricultural products. Nonetheless, the new GATT treaty and the resulting 
creation of the WTO is a sign of the continued expansion of international trade as it includes nearly 
all developed and developing nations which compete globally within its membership and 
establishes a multilateral dispute resolution system for trade conflicts between nations. 

The benefits of GATT are in part indicated by trade-flow statistics. Under the first year of the new 
treaty, U.S. exports to the world increased by 14 percent. Mexico’s exports grew by 31 percent 
aided in part by the peso devaluation. 

In Europe, while the European Union (EU) has yet to resolve some serious structural problems 
within its economies, its members remain committed to free trade within the continent and have 
been receptive to the desires of the new nations of central and eastern Europe to become part of 
the European common market. The common market paradigm of the EU has found some 
acceptance in the Americas, as the nations of Argentina, Uruguay, Paraguay and Brazil have 
created a common market customs union (MERCOSUR). However, the structural difficulties of 
that arrangement as demonstrated by the EU's difficulties makes MERCOSUR an unlikely model 
for hemispheric integration in the Americas. Rather, the NAFTA model of open markets and free 
trade provides a superior paradigm, beginning with the economic integration of Chile followed by 
the incorporation of the sub-regional economic alliances within Latin America. 



Trends in International Trade 

Barton-Aschman 9 La Empresa 

Mexico’s economy has been closely watched throughout the Americas and the world as a 
barometer of the value and importance of free trade policies. Mexico entered GATT in 1987. Since 
then, Mexico’s strategy to reduce internal inflation and systematically restructure its 
manufacturing sectors has made its industries more competitive in world markets. At the same 
time, Mexico has consolidated its international trade agreements with several Latin American 
countries (Chile, Colombia, Venezuela, and Costa Rica, among others), based on the NAFTA 
model. 

Other than declarations of intent, Asian nations have yet to take serious steps to regional 
integration. However the 18 nations of Asia-Pacific Economic Cooperation (APEC) have in the 
last two years begun to lay a framework calling for a pan-Pacific free trade area encompassing 
its member nations from the United States, Mexico, Canada and Chile in the Americas to China 
and Southeast Asia. The conceptual goal of APEC as a free trade area was established in 1994 
at the meeting of the heads of state of the APEC nations in Bogor, Indonesia. The Bogor 
Declaration was a statement of intent to create a free trade area between developed economies 
of the Americas and Asia by 2010 and the elimination of all trade barriers between all APEC 
members by 2020. Recently, APEC affirmed this goal and developed a framework to begin the 
negotiation of such an agreement at its annual meeting in Osaka, Japan. 

The prospect of economic integration of the Americas and Asia places the NAFTA partners in the 
position to enjoy great rewards. As noted in the next section of the chapter, Asia has been the 
origin/designation for 43 percent of the growth in trade for the United States over the past five 
years, surpassing even the impressive 33 percent share of growth experienced with Mexico and 
Canada. 

Asia remains a relatively untapped market for Mexican exports, which have remained flat to this 
region over the 1990 to 1995 period. For growth in imports however, Asia has captured 12 percent 
of the trade experienced since 1990. Mexico recognizes that it is a desirable location for Asian 
assembly plants wishing to take advantage of NAFTA's rules of origin for export to the United 
States and Canada. 

11.2.3 Regional Shares of Trade 

Mexico World Trade Trends 

Table 11-1 reports the value of exports from Mexico to regions of the world while Table 11-2 
reports imports. These tables cover the period from 1990 to 1995 and are derived from the 
International Monetary Fund’s “Direction of Trade Statistics Yearbook” for 1996. This source is 
used to provide comparable information for both the United States and Mexico. For reasons cited 
in the Task 8 report, export values from Mexico to the United States do not match corresponding 
U.S. import values (and vice versa). 

For Mexico, Tables 11.1 and 11.2 show that 90.9 percent of its recent five-year growth in exports 
has been to the United States, while Canada has attracted 3.3 percent of Mexico’s export growth. 
When the remainder of the Western Hemisphere is taken into account, 99.8 percent of the growth 
in exports is accounted for by its neighbors in North and South America. 
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Table 11.1 
Mexico Exports ($U.S. millions) 
 
Region 

 
1990 

 
1991 

 
1992 

 
1993 

 
1994 

 
1995 

Change from 
1990 to 1995 

Percent of Total 
Change 

Africa 65 131 44 8 13 33 (32) — 
Asia (less Japan) 368 349 527 492 481 1,035 667 1.3 
Japan 1,502 1,230 793 700 988 928 (574) -1.1 
Europe 3,880 3,526 3,564 2,839 2,932 4,044 164 0.3 
Middle East 265 163 245 157 78 134 (131) -0.2 
W. Hemisphere 
 (less NAFTA) 

1,895 2,089 2,817 3,010 2,928 4,864 2,969 5.6 

United States 18,837 18,729 37,468 43,117 51,943 66,757 47,920 90.9 
Canada 226 561 1,000 1,541 1,470 1,979 1,753 3.3 

       52,736 
 

 

Source: Data from International Monetary Fund, 1996. 

 
Table 11.2 
Mexico Imports ($U.S. millions) 
 
Region 

 
1990 

 
1991 

 
1992 

 
1993 

 
1994 

 
1995 

Change from 
1990 to 1995 

Percent of Total 
Change 

Africa 99 221 523 129 139 120 21 — 
Asia (less Japan) 1,060 1,680 3,285 3,365 3,738 3,863 2,803 6.6 
Japan 1,283 2,061 3,041 3,369 3,812 3,608 2,325 5.5 
Europe 5,913 6,873 8,356 8,451 9,826 7,318 1,405 3.3 
Middle East 37 27 76 78 130 70 33 0.1 
W. Hemisphere 
 (less NAFTA) 

1,459 1,965 2,589 2,716 3,172 2,165 706 1.7 

United States 19,846 24,652 44,279 46,542 57,009 54,017 34,171 80.5 
Canada 391 780 1,052 1,163 1,600 1,374 983 2.3 

       42,447 
 

 

Source: Data from International Monetary Fund, 1996. 

 

Expressed in absolute terms, the domination of the Western Hemisphere for Mexican goods is 
almost as great. In total, this region attracted 92.2 percent of the value of Mexico’s exports in 
1995. The United States and Canada alone attracted 86.2 percent of Mexico’s exports in that 
year, and exports to Latin America grew by almost $2 billion (U.S.) compared to 1994. This growth 
and year end balance greatly exceeded export trade to Europe due to the successes noted earlier 
in strengthening trade agreements with Mexico’s southern neighbors. 

Within Latin America, Brazil is Mexico’s largest trading partner, consuming some $800 million of 
Mexico’s exports in 1995 and providing $662 million of its imports. The average tariff rate between 
Mexico and the MERCOSUR trading partners has fallen from 32 percent in 1990 to 12 percent in 
1995, pointing to a continuation of increased trade for the future. 

On the import side of the ledger, trends are similar with two notable exceptions. The United States 
is a large supplier of Mexican imports, capturing 80.5 percent of the increase in trade from 1990 
to 1995 (and an absolute value share of 74.5 percent for 1995). Asia, while being a relatively 
minor attraction for exports, is a major supplier of imports, with a 12.1 percent market share of 
1990 to 1995 growth; and a 10.3 percent share of absolute import value for 1995. The remainder 
of the western hemisphere including Canada is a relatively small supplier of Mexico’s imports, 
both in terms of five year growth (4%) and from an absolute perspective for 1995 (2.3%). 

Asia, including Japan, replaced Europe as the second most important source of Mexico’s imports 
in 1995. Mexico is showing a growing trade surplus with its Latin America trading partners and a 
positive trade balance with Canada emerged in 1995. The rate of growth of imports from the 
United States peaked in 1992, again in 1994, but fell slightly in 1995 for the first time. In spite of 
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the peso devaluation, which gravely affected internal markets, total imports fell less than 9 percent 
from 1994 to 1995, indicating the strong linkage of imports to the export sector of the economy. 

U.S. World Trade Trends 

Table 11.3 reports the values of U.S. exports to the world for the period from 1990 to 1995. In 
1995, Asia (including Japan) was the top geographic market for U.S. exports, receiving 33 percent 
of the country’s internationally traded merchandise. 

Canada and Mexico trailed slightly, representing 29.5 percent of the market while Europe 
attracted 24.2 percent of the goods. The remainder of the Western Hemisphere was the fourth 
largest regional market having 8.6 percent of the goods exported in 1995 destined to that locale. 

Over the past five years, the largest growth in export trade has occurred with Asia and the 
Americas. Table 11.3 indicates that Asia and Japan attracted 38.6 percent of the increase in 
exports while the Western Hemisphere (including Canada and Mexico) attracted 44.6 percent. 
Europe accounted for only 12.5 percent of the growth in exports over the five-year period (1995 
exports compared to 1990). 

The United States imports more than it exports. However, geographical shares remain similar. 
Table 11.4 reports Asia (including Japan) with a 46.8 percent share of the growth in U.S. imports 
over the five-year period, and a 41.8 percent absolute share for 1995. The Western Hemisphere 
was the origin of 33.3 percent of the goods imported to the United States in 1995, and captured 
37.6 percent of growth in imports from 1990 to 1995. Europe was the source of 20.5 of the imports 
in 1995 and captured just 16.9 percent of the increased market growth. 

Table 11.3 
U.S. Exports ($U.S. millions) 
 
Region 

 
1990 

 
1991 

 
1992 

 
1993 

 
1994 

 
1995 

Change from  
1990 to 1995 

Percent of  
Total Change 

         
Africa 5,692 6,103 6,794 6,530 6,359 6,904 1,212 — 
Asia (less Japan) 70,509 77,040 84,288 91,645 103,121 128,073 57,564 30.3 
Japan 48,585 48,147 47,764 47,950 53,481 64,298 15,713 8.3 
Europe 117,175 123,413 122,395 120,613 123,446 140,885 23,710 12.5 
Middle East 13,314 17,995 19,938 19,604 18,890 20,339 7,025 3.7 
W. Hemisphere 
 (less NAFTA) 

25,585 30,195 35,141 36,837 41,748 50,024 24,439 12.9 

Canada 82,959 85,146 90,156 100,191 114,255 126,024 43,065 22.7 
Mexico 28,375 33,276 40,598 41,635 50,840 45,401 17,026 9.0 

       189,754 
 

 

Source: Data from International Monetary Fund, 1996. 
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Table 11.4 
U.S. Imports ($U.S. millions) 
 
Region 

 
1990 

 
1991 

 
1992 

 
1993 

 
1994 

 
1995 

Change from  
1990 to 1995 

Percent of  
Total Change 

         
Africa 16,474 14,940 14,650 15,119 14,507 15,586 (888) — 
Asia (less Japan) 110,423 114,237 131,436 139,523 169,188 195,338 84,915 33.4% 
Japan 93,070 95,010 99,481 110,418 122,470 127,195 34,125 13.4 
Europe 115,517 108,136 116,556 126,350 141,989 158,387 42,870 16.9 
Middle East 20,357 17,485 17,327 17,190 17,392 18,090 (2,267) -0.9 
W. Hemisphere (less NAFTA) 36,386 33,889 35,972 37,045 41,453 45,289 8,903 3.5 
Canada 93,780 93,736 101,292 113,617 131,956 148,304 54,524 21.5 
Mexico 30,797 31,866 35,886 40,745 50,356 62,756 31,959 12.6 

       254,141  

Source: Data from International Monetary Fund, 1996. 

These trends indicate that the growth in overall world trade oriented toward the Pacific region 
holds true for the United States as well; and is reflective of the tremendous economic growth 
experienced by Asia over the past 30 to 40 years. 

Table 11.5 is provided below to amplify the importance of this observation. 

Table 11.5 
Distribution of World Output 

 1980 1985 1990 1995* 

North America 27.0% 26.7% 25.5% 24.1% 
Other W. Hemisphere 7.0 6.3 5.9 7.9 
Middle East 3.9 3.7 3.4 3.2 
Asia 20.8 23.8 26.9 32.4 
Western Europe 25.0 23.6 23.3 20.7 
E. Europe & Ex USSR 11.7 11.8 10.8 6.5 
Africa 4.5 4.2 4.0 3.2 

Note: Percentages for each region’s share of world output are purchasing power parity estimates based on the 
U.N. International Comparison Project. 

* Estimate 
Source: International Monetary Fund, 1996. 

 

11.2.4 Border State Trade Trends 

U.S. Border State Trade Trends 

Collectively, the four U.S. border states exported $31.4 billion of goods to Mexico in 1995, down 
from $34.0 billion in 1994, but up from $28.9 billion in 1993. The 1995 exports to Mexico 
represented just under 18 percent of the total value of exports shipped to countries of the world. 
(Please see Table 11.6.) 

Figure 11.3 illustrates that Asia was the top destination for goods exported by the border states 
as a whole in 1995, and for all of the individual border states except Texas. Europe and the 
Western Hemisphere nations each attracted similar volumes of goods for all the border states 
except Texas. The Middle East and Africa were not significant attractions although Texas did 
export $2.9 billion of product to the Middle East in 1995. 
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Figure 11.3 1995 Border State Exports to Regions of World ($U.S.) 
 

 

 

 

 

 

 

 Africa Asia W. Hemisphere Europe Middle East 

Texas 1,598,970,539 17,356,659,904 36,487,291,733 10,468,594,807 2,922,196,672 
New Mexico 391,229 195,682,043 121,861,318 118,905,539 20,222,678 
Arizona 59,664,806 3,850,125,403 3,179,031,848 3,056,058,203 82,599,344 
California 482,646,845 52,270,352,626 20,331,036,210 22,072,307,793 1,426,602,591 

 2,141,673,419 73,672,819,976 60,119,221,109 35,715,866,342 4,451,621,285 

Source: U.S. Commerce OM Data Series and MISER, 1996. 
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Table 11.6 
U.S. Border State Exports to Mexico and the World, 1993-1995 (Origin of Movement Series) 

SIC  
Product 

Division/Code 

1993 
Total Value 
to Mexico 

1993 
Total Value 

to World 

% of 1993  
World Total 
to Mexico 

1994 
Total Value 
to Mexico 

1994 
Total Value 

to World 

% of 1994 
World Total 
to Mexico 

1995 
Total Value 
to Mexico 

1995 
Total Value 

to World 

% of 1995 
World Total 
to Mexico 

% of 1993-1995 
World Total 
 to Mexico 

Division A - Agriculture, Forestry, and Fishing 
1 806,582,520 5,102,121,139 15.81% 797,879,705 5,827,184,151 13.69% 800,029,210 6,903,568,673 11.59% 13.48% 
2 90,343,029 224,341,499 40.27% 131,125,328 251,899,388 52.05% 26,627,732 148,745,294 17.90% 39.70% 
8 7,681,624 56,483,021 13.60% 12,910,839 49,615,033 26.02% 12,597,426 38,505,805 32.72% 22.95% 
9 40,586,071 194,817,470 20.83% 49,135,744 239,663,388 20.50% 30,080,205 270,383,880 11.12% 17.00% 

Division Total 945,193,244 5,577,763,129 16.95% 991,051,616 6,368,361,960 15.56% 869,334,573 7,361,203,652 11.81% 14.53% 
Division B - Mining 

10 2,946,595 119,325,500 2.47% 8,335,135 114,644,788 7.27% 11,935,239 176,374,846 6.77% 5.66% 
12 1,439,777 8,855,599 16.26% 615,977 4,217,432 14.61% 18,647,511 26,907,268 69.30% 51.78% 
13 209,196,415 254,518,661 82.19% 165,957,475 202,497,453 81.96% 277,204,004 325,623,277 85.13% 83.35% 
14 18,527,143 172,528,649 10.74% 20,760,479 198,953,838 10.43% 24,870,699 245,518,850 10.13% 10.40% 

Division Total 232,109,930 555,228,409 41.80% 195,669,066 520,313,511 37.61% 332,657,453 774,424,241 42.96% 41.11% 
 Division D - Manufacturing 

20 1,318,819,844 6,437,810,238 20.49% 1,525,924,937 7,391,207,920 20.65% 993,111,014 7,541,956,459 13.17% 17.96% 
21 22,350,917 25,731,825 86.86% 39,631,720 71,527,467 55.41% 21,829,338 50,150,327 43.53% 56.86% 
22 433,560,960 640,154,334 67.73% 538,028,364 766,250,508 70.22% 589,518,123 870,612,516 67.71% 68.56% 
23 930,743,449 2,000,452,576 46.53% 1,050,273,269 2,179,006,104 48.20% 1,105,448,590 2,555,900,246 43.25% 45.82% 
24 471,262,397 1,020,674,041 46.17% 368,442,183 883,184,741 41.72% 232,431,176 785,418,734 29.59% 39.87% 
25 587,961,228 866,524,329 67.85% 537,836,328 930,514,581 57.80% 437,342,555 864,682,949 50.58% 58.73% 
26 878,928,223 1,470,392,367 59.78% 1,075,589,323 1,885,013,063 57.06% 1,096,413,600 2,199,439,942 49.85% 54.92% 
27 136,510,701 689,913,832 19.79% 175,673,489 744,812,361 23.59% 193,696,711 812,271,977 23.85% 22.51% 
28 1,482,173,431 11,957,290,094 12.40% 1,857,619,725 13,880,270,396 13.38% 1,962,608,693 18,449,383,939 10.64% 11.97% 
29 648,866,670 3,488,106,908 18.60% 678,471,018 3,099,053,005 21.89% 732,682,169 3,262,351,239 22.46% 20.91% 
30 1,227,121,385 2,159,296,485 56.83% 1,664,939,158 2,740,762,049 60.75% 1,609,443,655 2,844,717,436 56.58% 58.12% 
31 146,709,032 389,354,351 37.68% 145,184,516 426,822,444 34.02% 175,516,451 494,712,640 35.48% 35.66% 
32 229,638,462 761,595,194 30.15% 299,120,163 874,161,443 34.22% 271,065,185 980,127,115 27.66% 30.58% 
33 1,302,191,226 3,521,789,469 36.98% 1,428,077,030 4,010,549,095 35.61% 1,581,099,607 4,588,516,671 34.46% 35.57% 
34 1,687,785,698 3,803,339,528 44.38% 2,142,220,595 4,255,781,900 50.34% 1,784,061,509 4,441,694,929 40.17% 44.91% 
35 3,248,388,237 27,417,365,852 11.85% 4,052,673,099 31,172,084,415 13.00% 3,487,602,142 37,709,043,213 9.25% 11.20% 
36 7,001,662,395 29,735,767,464 23.55% 8,325,118,728 36,936,137,655 22.54% 9,326,535,389 47,056,231,345 19.82% 21.68% 
37 3,808,141,966 15,291,871,414 24.90% 4,606,031,138 17,436,699,401 26.42% 2,752,196,880 16,528,678,988 16.65% 22.67% 
38 1,357,747,687 8,258,192,211 16.44% 1,437,672,694 9,038,452,980 15.91% 1,114,796,080 10,079,749,695 11.06% 14.28% 
39 434,893,865 1,682,108,904 25.85% 517,495,310 2,038,479,422 25.39% 385,545,347 2,302,678,824 16.74% 22.21% 

Division Total 27,355,457,773 121,617,731,416 22.49% 32,466,022,787 140,760,770,950 23.06% 29,852,944,214 164,418,319,184 18.16% 21.01% 
Special Classifications 

91 128,948,759 945,360,175 13.64% 153,319,469 1,206,528,651 12.71% 237,764,455 1,919,295,240 12.39% 12.77% 
92 126,463,446 567,119,616 22.30% 136,269,117 510,805,934 26.68% 45,654,763 420,982,548 10.84% 20.57% 
93 0 181,168,690 0.00% 0 193,655,499 0.00% 0 211,067,574 0.00% 0.00% 

Division Total 255,412,205 1,693,648,481 15.08% 289,588,586 1,910,990,084 15.15% 283,419,218 2,551,345,362 11.11% 13.46% 
Division K - Non Classifiable Shipments 

99 113,052,524 1,001,185,700 11.29% 102,181,625 1,221,169,020 8.37% 91,317,455 1,010,258,563 9.04% 9.48% 
Grand Totals 28,901,225,676 130,445,557,135 22.16% 34,044,513,680 150,781,605,525 22.58% 31,429,672,913 176,115,551,002 17.85% 20.64% 

Source: U.S. Commerce OM Data Series and MISER, 1996.



Trends in International Trade 

Barton-Aschman 15 La Empresa 

Table 11.7 further breaks down the proportions of goods exported to Western Hemisphere 
nations. For both Texas and Arizona, Mexico attracts over 60 percent of this regional market’s 
imports. For California and New Mexico, Canada represents an equally strong export market. In 
absolute terms, Canada is the second strongest export market for Texas goods, with the state 
shipping almost $7 billion of product to Canada in 1995. 

Table 11.7 
1995 Border State Exports to Western Hemisphere 

 Mexico Canada Other 

Texas 21,865,501,915 6,937,491,144 7,684,298,674 
New Mexico 55,255,611 40,436,376 26,199,331 
Arizona 2,146,659,943 898,210,337 134,161,568 
California 7,362,318,599 9,671,647,332 3,297,070,279 

Source: U.S. Commerce OM Data Series and MISER, 1996. 

Table 11.8 reports the recent trends of export shipments to these regional markets. These trends 
indicate that export markets other than Mexico are increasing at a rapid pace while Mexico 
continues to strengthen its economy. Export trade with Mexico increased by 8.7 percent from 
1993 to 1995, while exports to Asian countries increased by 53 percent. Trade exports to Europe 
increased by 31 percent, and exports to Canada increased by 39 percent. 

Mexico Border State Trade Trends 

The orientation of Mexico’s world trade with the United States is even more pronounced for the 
Mexican northern border states. As explained in the Task 8 report, import/export trade records by 
state of destination or origin do not accurately reflect point of consumption or production. As a 
surrogate, it is possible to trace the growth of the maquiladora industry to chart the trend of 
export/import trade as it impacts the border states. 

As reported in the Task 3.0 report, maquiladora growth has been phenomenal since the first plants 
were developed along the border in 1966. By 1994, there were 2,085 maquiladoras across 
Mexico, of which 1,433 were established in the border states. The total number of employees 
involved in the maquiladora/export industry in 1994 was 579,422 of which 413,471 were located 
along the U.S.-Mexico border.1 

The establishment of maquiladoras represented a period of dynamic growth, even though the 
industry experienced a slight decline in 1994. Table 11.9 provides a historic summary of the 
number of maquiladoras by Mexican state and Table 11.10 provides a historic summary of the 
number of maquiladora employees per Mexican state. Recently obtained estimates for year end 
1996 show a continuation of maquiladora growth trends. Nationwide, at the end of 1996, the 
number of maquiladora plants was 2,520 with 810,000 jobs.  Of this employment, about 82 
percent (or 662,000 workers) is concentrated in the border states (excluding Nuevo Leon for 
which data was not available).  Nuevo Leon, which has not strongly promoted the maquiladora 
industry, had about 22,000 direct jobs in maquiladoras in 1993.  More recent data was not 
available. 

  

                                                
1 Please also see the Task 10 report for slightly different employment statistics. 
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Table 11.8 
Trend of U.S. Border State Export Values, 1993-1995 ($US) 
(Origin of Movement Data Series - MISER - Published in 1996) 

Geographic 
Trade Area 

1993  
Total Value 

1994  
Total Value 

1995  
Total Value 

1993-1995 
Total Value 

     
Texas     

Africa 1,385,046,268 1,351,034,809 1,598,970,539 4,335,051,616 
Asia 10,344,797,361 12,370,531,960 17,356,659,904 40,071,989,225 
W. Hemisphere 29,680,498,194 35,484,069,616 36,487,291,733 101,651,859,543 
Mexico 20,374,928,840 23,857,393,055 21,865,501,915 66,097,823,810 
Canada 4,300,422,041 5,534,854,607 6,937,491,144 16,772,758,792 
Europe 7,834,898,310 8,305,105,794 10,468,594,807 26,608,598,911 
Middle East 2,948,316,656 2,478,430,488 2,922,196,672 8,348,943,816 
Total 52,193,556,789 59,989,172,667 68,833,713,655 181,016,443,111 

     
New Mexico     

Africa 640,989 1,443,626 391,229 2,475,844 
Asia 212,313,186 244,237,358 195,682,043 652,232,587 
W. Hemisphere 137,169,581 174,555,741 121,861,318 433,586,640 
Mexico 76,775,220 101,999,454 55,225,611 234,000,285 
Canada 44,271,083 45,818,724 40,436,376 130,526,183 
Europe 104,554,851 137,009,031 118,905,539 360,469,421 
Middle East 9,582,396 12,525,616 20,222,678 42,330,690 
Total 464,261,003 569,771,372 457,062,807 1,491,095,182 

     
Arizona     

Africa 9,586,996 29,467,933 59,664,806 98,719,735 
Asia 2,937,668,941 3,582,455,728 3,850,125,403 10,370,250,072 
W. Hemisphere 2,541,364,930 3,231,783,743 3,179,031,848 8,952,180,521 
Mexico 1,927,944,892 2,427,545,471 2,146,659,943 6,502,150,306 
Canada 546,785,728 665,400,539 898,210,337 2,110,396,604 
Europe 1,896,687,902 2,120,381,846 3,056,058,203 7,073,127,951 
Middle East 92,949,636 78,819,030 82,599,344 254,368,010 
Total 7,478,258,405 9,042,908,280 10,227,479,604 26,748,646,289 

     
California     

Africa 409,454,310 430,077,613 482,646,845 1,322,178,768 
Asia 34,606,461,979 41,423,524,611 52,270,352,626 128,300,339,216 
W. Hemisphere 16,704,347,443 18,614,965,836 20,331,036,210 55,650,349,489 
Mexico 6,521,576,724 7,657,575,700 7,362,318,599 21,541,471,023 
Canada 7,689,199,374 8,467,332,891 9,671,647,332 25,828,179,597 
Europe 17,412,899,583 19,611,635,628 22,072,307,793 59,096,843,004 
Middle East 1,177,212,609 1,109,763,314 1,426,602,591 3,713,578,514 
Total 70,310,375,924 81,189,967,002 96,582,946,065 248,083,288,991 
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Table 11.9 
Number of Maquiladoras by Mexican State 

 Year 

State 1990 1991 1992 1993 1994 

Baja California 640 708 775 804 761 
Sonora 96 91 93 89 96 
Chihuahua 238 255 267 254 232 
Coahuila 79 84 90 87 93 
Tamaulipas 207 230 244 241 251 
Others 443 546 606 639 652 

Total 1,703 1,914 2,075 2,114 2,085 

Source: Sistema de Cuentas Nacionales, INEGI,1988-1994. 

Table 11.10 
Maquiladora Employees by Mexican State 

 Year 

State 1990 1991 1992 1993 1994 

Baja California 87,657 89,010 96,835 107,674 118,940 
Sonora 26,107 24,343 25,600 25,993 27,590 
Chihuahua 122,231 123,888 129,146 132,046 140,097 
Coahuila 22,276 23,991 26,943 27,633 29,038 
Nuevo Leon 11,000 N/A N/A 22,000 N/A 
Tamaulipas 79,197 81,297 85,125 88,452 97,806 
Others 108,968 124,803 142,049 160,276 165,951 

Total 457,436 467,332 505,698 564,074 579,422 

Source: Sistema de Cuentas Nacionales, INEGI, 1988-1994; La Empresa. 

In addition to the number of maquiladoras in each state and municipality, there are estimates of 
the total value of trade generated by the maquiladora industry. Table 11.11 shows the historic 
trend in the value of northbound maquiladora trade during the period from 1985 to 1991 in millions 
of U.S. dollars. Due to the bidirectional nature of maquiladora trade, the value of products does 
not accurately represent the actual amount of U.S.-Mexico trade.  

The actual value of northbound maquiladora trade can be more directly estimated when the effect 
of added value is taken into account. Table 11.11 lists the percentage of the trade that is added 
by the maquiladora and subject to value added tax at each of the major maquiladora ports of 
entry. 

Table 11.11 
Northbound Maquiladora Trade Through Border Ports 1985 through 1991 ($ millions) 

 
Port 

 
1985 

 
1986 

 
1987 

 
1988 

 
1989 

 
1990 

 
1991 

Percent Value  
Added 1995 

El Paso-Ciudad Juárez* 1,838.5 1,904.8 2,317.5 3,303.3 3,995.9 4,290.7 5,141.3 26.5 
San Diego-Tijuana 682.1 801.1 1,093.1 1,726.6 2,013.1 2,255.6 2,611.6 20.6 
Brownsville-Matamoros 818.5 805.3 849.6 1,231.1 1,479.9 1,958.3 1,966.2 22.1 
Hidalgo-Reynosa 358.7 527.2 637.2 658.5 946.2 977.9 1,063.2 20.7 
Calexico-Mexicali 339.5 389.0 455.0 605.3 720.4 695.9 687.2 31.0 
Laredo-Nuevo Laredo 68.6 72.7 200.7 439.7 494.1 492.6 575.9 29.4 
Nogales-Nogales 405.1 462.6 532.9 706.7 695.0 639.2 674.0 20.6 
Del Rio-Ciudad Acuña 99.2 129.8 197.0 238.3 298.7 372.0 444.4 21.6 
Eagles Pass- Piedras Negras* 101.6 108.8 128.3 143.7 171.4 213.3 275.6 35.7 

* Merchandise produced by maquiladoras in Municipality of the border port and its area of influence. 

Source: Problems of Connectivity in Juárez, Chihuahua. Instituto Mexicano del Transporte, Ovidio González G. y 

J. Arturo Pérez S., 1995. 
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11.2.5 Implications of Worldwide Changes in Trade 

The preceding review of trends in trade between the United States and Mexico and the rest of the 
world has some potentially interesting implications for the border states. 

For Mexico, northbound export trade to the United States is dominating its strategic (nationally 
important) freight flows, particularly across its overland routes. The vast majority of this trade is 
flowing along northeastern rail and roadway networks leading toward the states of Tamaulipas, 
Nuevo Leon and Coahuila. 

According to International Monetary Fund estimates, exports to the United States accounted for 
83.6 percent of total outbound trade for 1995, measured by value. For imports, the United States 
was only slightly less dominant as a source of goods, capturing 74.5 percent of Mexico’s 
worldwide import market. 

A rising and significant source of imports in recent years is Japan and the following Asian 
countries (listed in order of export values to Mexico): South Korea, Taiwan (Province of China), 
China, and Malaysia. These countries have increased their exports dramatically since 1989, and 
have most likely fueled some of the maquiladora growth in Baja California (Please see Table 
11.10). Tijuana, for example has become the North American manufacturing base for several of 
the Asian electronic giants, such as Sony. Components are being shipped to the Southern 
California ports of Long Beach and Los Angeles and trucked to assembly plants in Tijuana. This 
shift to Asian outsourcing to Mexico is expected to continue, particularly for the state of Baja 
California. 

With respect to other import/export markets (countries and regions), no clear trends are evident. 
While there are dramatic, one year export gains to some countries, such as Switzerland, Brazil 
and Hong Kong (1994 to 1995), most trading patterns fluctuate with the exception of those noted 
above. 

This situation of focused markets does not hold true for the United States. U.S. exports depend 
heavily on worldwide economic growth. These prospects are good with the industrialized nations 
of Europe recovering from downturns earlier in the decade and Asia experiencing strong 
economic growth. Markets in the Western Hemisphere also look reasonably healthy, and a 
modest recovery is expected for exports to Mexico. 

U.S. imports of goods continue to outpace exports, and this creates flow imbalances, inbound 
versus outbound from seaports and international airports. This imbalance is particularly acute with 
Pacific trade as Asia accounted for approximately 75 percent of the trade deficit (imports minus 
exports) in 1995. 

From a transportation perspective, continued increases in tonnage are anticipated at both East 
Coast and West Coast ports with the west experiencing the sharpest gains. World trade will 
continue to push land-bridge traffic to and across the United States, as new container ships are 
constructed which exceed the capacity of the Panama Canal. 

Mexico’s non-NAFTA trade will continue to rely on maritime transportation through its ports on 
the Gulf of Mexico and the Pacific Coast. A portion of its trade with Asia (primarily imports) will 
also use overland transport between the Ports of Los Angeles/Long Beach and the El Paso-
Ciudad Juárez or Laredo-Nuevo Laredo land ports of entry. 

These events coupled with increases in domestic trade may place pressure on east-west 
transportation networks which complement north-south binational freight flows. 

All in all, short-term trends indicate continued, rapid growth in northbound flows from Mexico to 
the United States, moderate increases in southbound flows to Mexico, rapid growth in east-west 
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flows to and from Pacific Coast ports, and moderate growth in flows to and from East Coast and 
Gulf of Mexico ports serving European and Western Hemisphere trade. 
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11.3 Changes in Transport-Related Technologies 

The purpose of this chapter is to report on the status of goods transport technology and how this 
technology may affect transportation supply and demand, and infrastructure requirements. This 
chapter dwells heavily on the rapid progress of information technologies (infotech), as the pace 
of innovation is much faster than the hardware technology. The chapter does, however, discuss 
hardware innovations in some length as railroads, maritime carriers, trucking firms, and port 
operators have made great strides in improving their efficiencies. The greater use of intermodal 
freight containers for binational freight movement is explicitly discussed as this is an 
underdeveloped resource for reducing commercial vehicle congestion at the border. 

11.3.1 Basic Trends in Transportation Information Technologies
2
 

Information technologies (infotech) are revolutionizing the world economy. Freight carriers are no 
exception to this broad trend. 

Many once distinct areas of technology are now merging into what will eventually become 
seamlessly integrated information systems across all modes. These key forms of transportation 
information technology are discussed in this section: 

• The Internet 

• Mobile communications 

• Navigation and tracking 

• Electronic data interchange (EDI) 

• Automatic equipment identification (electronic tags) 

The Internet 

The fast-growing Internet is a major topic of news stories today. But the public image of the 
Internet tends to emphasize its use for entertainment and political activism. In fact the commercial 
use of the Internet is its dominant feature today. The freight carrier industry in particular is moving 
quickly to use the Internet for EDI, advertising, e-mail and even mobile communications. 

The Internet is a worldwide distributed computer/communications network held together by a 
common communications standard, TCP/IP.

3

 This standard allows anyone to access the Internet 
by computer, which then becomes another node in this network of the Internet. All that is needed 
is an Internet address assigned to the new computer, which is then known as an Internet "host," 
and tied into an Internet communications link. These links are now available in almost all parts of 
the world. 

As a result, all the computing, data storage, and sending, receiving and forwarding of messages 
on the Internet is handled by the millions of computers of many types. These computers are 

                                                
2 Source: Abridged from Interim Report 5.3: Trends in Freight Transportation Technology, California Trade 

and Goods Movement Study, by Meinel/Bosma Research and Barton-Aschman Associates, Inc., January 6, 1996. 
Updated by Binational Study Team. 

3 Transmission Control Protocol/Internet Protocol. 
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owned by countless companies, educational institutions, governmental entities and even 
individuals.  Each of these computers has at least one individual address which enables it to be 
reached through the Internet if hooked up to an appropriate communications link.  

There are several major features of the Internet: 

• World Wide Web. A hypertext publishing network 

• E-mail. A way to send electronic messages 

• Usenet. Forums in which people can post and view public messages 

• Telnet. A way to login to remote Internet computers  

• File Transfer Protocol. A way to download files from remote Internet computers 

• Internet Relay Chat. Real-time text conversations  

• Search Engines and Directories. Tools that catalog and search for information  

Of these, the World Wide Web, e-mail and Usenet are attracting significant and increasing use 
by and providing benefits to the freight industry.  

The World Wide Web 

The World Wide Web is the major feature of the Internet used by businesses, dating from the 
spring of 1992. It consists of "Web pages," which are like pages in a book, and links from specially 
marked words, phrases or symbols on each page to other Web pages. These pages and links 
together create what is known as "hypertext." This technique makes it possible to tie together 
many different documents which may be written by many people and stored on many different 
computers around the world. 

This technique is based upon the Universal Resource Locator (URL) standard, which specifies 
how to hook up with the computer and access the files where the data of a Web page may be 
stored. 

The way a freight carrier Web page might work is that it would offer a link to a form that the reader 
could fill in to order a pickup. Alternatively, if the reader were interested instead in investing in 
stock in that freight carrier, he or she could continue on to a highlighted phrase "for the latest 
annual report and other information on the company's status." This could link the reader to the 
Securities and Exchange Commission Web site, which holds all company reports that have been 
electronically filed with the Commission. 

E-mail 

E-mail is the second oldest use of the Internet, dating back to the ARPAnet of 1972. (The first use 
was to allow people to remotely log in to their choice of one of the four computers on which 
ARPAnet was launched in 1971.) 

The emergence of e-mail was unplanned and unexpected. But by the end of 1992 it had become 
the dominant source of traffic over the links of the infant Internet. 

 

There are two major uses of e-mail: private communications, and broadcasted e-mail. When 
broadcasted, e-mail serves to make announcements (one-way broadcasting), and to carry on 
discussions among groups of people. In the group discussion mode, every message sent by every 
member of the list is broadcasted to all other members. 
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An example of broadcasted e-mail systems used for group discussions in the freight industry is 
Transp-l, which carries general discussions of all modes of transportation. To subscribe, e-mail 
to listproc@gmu.edu and give the message "subscribe transp-l <your.e-mail.address.here>.  

Usenet 

Usenet was a natural outgrowth of the broadcasted e-mail group discussion list. One problem 
with e-mail lists was that there was no easy way for new people to join these groups. Another 
problem was and still is that as each group grew, a member could be deluged with dozens or 
hundreds of e-mail messages each day. 

In 1979 these problems were addressed by the launch of Usenet. Usenet consists of news groups 
which carry on discussions in the form of "posts." Unlike an e-mail discussion group, these posts 
are stored, typically for two weeks or so, awaiting potential readers. As new posts are submitted 
to a news group, they are broadcast to all Internet hosts that are subscribed to carry those news 
groups. 

Examples of news groups relevant to freight movement include: 

misc.transport.rail.americas Railroads and railways in North America 
misc.transport.air-industry Airlines, airports, air freight 
bit.listserv.railroad Railroad list 
misc.transport.trucking Commercial trucking 
sci.aeronautics.airliners Airliner technology 
bit.listserv.edi-1 EDI 
misc.transport.road Road and highway transportation 
misc.transport.misc General transportation issues 
misc.transport.marine Seagoing transportation 
alt.cellular-phone-tech Cellular and PCS mobile communications 
comp.std.wireless Standards issues for wireless communications 

 

Commercial use of the Internet in Mexico is very important, particularly the World Wide Web. This 
is a good example of how fast Mexican industry is capable of reacting to, and adopting, new 
technology. The Internet is not, however, currently in widespread use in the transport sector, 
except for using e-mail between shippers. 

Mobile Communications 

Mobile communications are one of the linchpins of the freight infotech revolution. However, the 
use of mobile communications has been slow to penetrate the trucking market. 

Today many carriers still prefer to have their drivers phone home from truck stops rather than 
install a mobile communications system. But despite technical and economic barriers, several 
major truck carriers have installed sophisticated mobile communications systems that integrate 
tracking, navigation, automatic equipment identification and engine performance monitoring. 

The current combined ground mobile communications market in the U.S. trucking industry is 
approximately 50,000 units per year (including both satellite and ground-based systems). 
However, the total market for such systems is the approximately 4 million Class 8 trucks on U.S. 
highways.

4

 (Class 8 is the largest class of trucks on the road.) Clearly the market share of the 

                                                
4 William B. Cassidy, "Mobile Communications at the Crossroads," Transport Topics (November 20, 1995) 

p.10. 
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truck mobile communications market has only scratched the surface. 

There are a many options for mobile communications. These include: 

• Cellular phones 

• Personal communications services (PCS) 

• Specialized mobile radios 

• Geosynchronous satellites 

• "Big LEOs" (low Earth orbit satellites offering voice and data services) 

• "Little LEOs" (low Earth orbit satellites offering data services only) 

• Location and Monitoring Services 

• Citizen's band radios 

• Hybrid systems that use several kinds of the above links 

Those options most commonly used in the centralized communications systems that are also 
being used in the freight industry are cellular, specialized mobile radio, satellite systems, and 
combinations of these. 

Today geosynchronous satellites are the most popular for the high-end, highly integrated infotech 
systems such as those offered by Qualcomm. This approach offers the advantage of coverage of 
all of North America and connectivity into worldwide systems. 

By contrast, the "big LEO" and "little LEO" satellite systems, as they come on-line, will likely give 
the geosynchronous, highly integrated systems a serious marketplace challenge. "Big LEO" 
satellites will have much more bandwidth to use than the "little LEOs." As a result, the little LEOs 
will offer two-way data transmission and tracking services, while the big LEOs will offer voice 
communications. 

Qualcomm's OmniTracs system offers not only tracking and data communications, but also a 
truck engine diagnostics system that alerts a truck carrier's central office of the need to overhaul 
or repair a truck engine while the truck is moving down the road. Qualcomm includes dispatching 
and accounting, payroll, driver compliance and fuel tax reporting, and serves the trucking 
communications market in North America and other countries. 

Given the myriad of competing demands for investment capital, Mexico’s transport industry has 
not yet invested heavily in advanced technology mobile communications equipment. Carriers view 
the distances and duration of truck hauls to be generally short, and competitive pressures are not 
yet great enough to justify large expenditures to acquire advanced technology. Demand for real-
time locational information is coming from U.S. shippers, however, who are concerned about the 
safety of their shipments and/or want assurances about on-time deliveries. Trucking companies 
are, therefore, evaluating the costs and benefits of available options. 

Use of cellular phones is, likewise, not generally widespread, as trucking owners favor Citizen's 
Band (CB) radio links. While a growing number of firms are adopting ground-mobile satellite 
communication systems, such as Qualcomm, these firms are not enthusiastic about the 
technology. Its primary use is for vehicle tracking, rather than driver communications. There is 
also some belief that visibility of the satellite antenna will deter theft of the truck trailer. Mexican 
firms are, however, extensively using CB radios with microwave relay stations as their mobile 
communication system of choice, given its low cost of equipment acquisition and operation. The 
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“Elektra” land-based network of microwave stations has been developed for tracking units through 
shortwave CB radio signals. Multiple types of transportation companies (couriers, passenger 
buses, medium-distance trucking firms) are taking advantage of this technology in Mexico. 

Navigation and Tracking Systems 

Today freight navigation and tracking systems are typically integrated into communications/ 
dispatching systems. 

Japan has been the overwhelmingly dominant player in the navigation market,
5

 with these units 
generally having moving-map displays. These navigation units often are integrated with business 
and entertainment systems such as radio, CD-ROM players, mobile telephones, cassette 
recorders and fax devices. The first commercial automobile navigation system, Toyota's Electro 
Multivision, went on the market in 1987. By 1994, over 500,000 cars in Japan were equipped with 
navigation units. Yet in 1994 commercial auto navigation systems were only just coming into the 
market in the United States.

6

 

On the other hand, systems that track commercial trucks for use in dispatching systems are 
growing in popularity in the United States. 

Both GPS and commercial navigation and tracking systems work on the same general principle. 
They in effect triangulate on radio signals broadcast from known locations. The transmitters of 
these signals in most cases are satellites. Ground-based transmitters may also be used. 

However, because of interference from tall buildings or landforms such as canyons and 
mountains, these signals may be blocked, reflected, and in other ways be degraded. Thus all 
these navigation systems are especially subject to error for ground transportation users. 

Navigation and tracking systems are quite undeveloped in Mexico, despite their popularity in the 
United States. Deployment of this technology has thus far been concentrated in large, industrial 
corporations having their own private trucking fleets such as Grupo Femsa, Coca Cola, and 
Bimbo. 

Electronic Data Interchange 

Electronic Data Interchange (EDI) is one of the most volatile and promising areas of freight 
industry infotech. Electronic Data Interchange is the electronic conduct of business transactions 
using standardized message formats. EDI networks allow information to be exchanged among 
what might otherwise be incompatible systems by using certain standards to represent 
information. EDI systems may provide translation software to turn a company's information into a 
form that will be recognized by other users of a given EDI system. 

The benefits of EDI include reduced error rates and transaction times (minutes vs. days) and, 
above all, elimination of paper and the staff needed to process it.  

As a result, EDI makes it possible to: 

• Adopt new business processes such as just-in-time (JIT) manufacturing techniques. 

• Win new business or retain existing customers 

                                                
5 Based on a study by the author of the market status of such in-vehicle navigation systems for Forecast 

International of Newtown, Connecticut. 

6 "The electronic motorist,' IEEE Spectrum (March 1995) p. 37. 
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• Respond to new markets 

• Cut costs 

• Cut money tied up in inventory 

• Cut manual processing costs (verification, keying and rekeying of documents and the cost 
of manual filing systems). 

• Improve cash flow 

• Increase security 

• Cut errors 

• Provide acknowledged receipt of shipments 

• Use historical data built up from EDI transactions for market research and strategic 
planning 

• Enhance company image 

• Improve corporate trading relationships 

In general, EDI offers savings of around 50 percent in data processing, order entry, invoicing and 
inventory management.

7

 Also, use of EDI has made it possible for many companies to no longer 
need third-party specialists to handle their more complex shipments.  

EDI is used in many industries in addition to the transportation sector. As a result, shippers and 
freight carriers may take advantage of software, computer and communications equipment 
developed for far larger markets than intermodal users alone. 

Yet despite EDI's wide applications, the freight carrier industry leads most industries in adopting 
EDI practices and standards. Much of the driving force behind this move is the growing use by 
retailers, manufacturers and distributors of just-in-time shipping practices because of the 
increased speed and reliability of clerical activities using EDI. 

The first attempt to develop an EDI network that could serve U.S. freight carriers occurred in 1975, 
when a group of pioneers called the Transportation Data Coordinating Committee (TDCC) 
published the first EDI standards for the transportation industry. These standards and networks 
were initially not truly intermodal, since truckers, railroads and ship operators tended to develop 
mode-specific EDI networks for themselves: for example, RAILINC for railroads, which was 
developed in 1981.  

With the growing commercial use of computers, freight carriers soon found they could greatly 
improve their fleet management and track individual shipments. U.S. railroads pioneered perhaps 
the most valuable function of early EDI networks: accurate location and tracking of individual 
vehicles or shipments through "car location messages" (CLMs). The use of CLMs also greatly 
improved railroads' ability to interchange cars with each other.  

Ocean and truck carriers soon piggybacked their own tracking activities on the railroads' CLM 
networks. Operations personnel across all three modes and "third-party" service providers (freight 
forwarders, shippers, insurers, etc.) soon became versatile users of intermodal EDI. 

Meanwhile, the availability of increasingly cheap computer-to-computer communications allowed 

                                                
7Daniel Bivona, "Gaining the Export Edge with EDI," Export Today (March 1993). 
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customers to directly access EDI networks operated by various shippers. This was first done in 
1985. Moreover, leading U.S. trucking companies including Schneider National equipped their 
trucks with satellite terminals that automatically broadcast the location of the vehicle to fleet 
headquarters for real-time vehicle tracking. Such fleet location data can be directly accessed by 
customers when desired. 

EDI systems are now commonly used in the United States to transmit tracking and location data 
for in-transit cargo, customs manifest data for cargo inspection at ports of entry, to arrange 
shipments, send bills of lading, and to send invoices. In a significant new development, EDI 
systems are beginning to even handle money transactions.  

However, many shippers still are not able to automatically integrate shipment status data into their 
information systems. The reason for this is that many shippers use information systems that were 
developed without regard for their ability to interface with the carriers' EDI systems. 

Freight carriers have long held an interest in standardizing their EDI systems. In 1975 standards 
were developed by the Transportation Data Coordinating Committee (TDCC) of the American 
National Standards Institute (ANSI). These standards were specifically tailored to the data-
management needs of transportation companies.

8

 A shipment status message was developed 
that carried information including: 

• Pickup 

• Delivery 

• Location 

• Destination terminal 

 

In August 1994, ANSI approved the ASC X12 Version 3040 of the Transportation Carrier 
Shipment Status Message. This new standard includes a new segment, "marks and numbers" 
(MAN). This standard provides a way to electronically link data typically carried on a bar code 
label—or electronic tag—to an 856 advanced ship notice, rather than requiring manual entry of 
this data such as: 

• Packing slip data 

• A carrier-assigned number 

• UCC 128 serial shipping code
9

 

The U.S. Customs Service (USCS) is working with railroads and ship operators to develop 
common message sets for the agency's "automated manifest system," or AMS. This system will 
receive manifests electronically for cargos crossing U.S. borders with Mexico and Canada. This 
is important in order to speed the passage of containers through such control points, which have 
emerged as serious bottlenecks to cross-border trade flows. 

USCS is also developing EDI messages for U.S. ships entering foreign containerports. These 
messages conform with international EDI standards endorsed by the United Nations. The USCS's 
EDI program is part of a larger internal effort ("automated commercial system") approved by 

                                                
8 Ibid. 

9 Hank Lavery, "Still Hot and Getting Hotter: the Shipping Status Message," EDI World (July 1995) 

 p. 8. 
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Congress under the Customs Modernization Act.
10

  

New EDI-relevant technologies that are taking root include mobile communications networks, data 
fusion and display, satellite-assisted vehicle and cargo tracking, and automatic vehicle and 
equipment identification (AVI, AEI). 

But the most significant new EDI technology is the Internet. Because the Internet is the 
quintessential open system, and because it is capable of even handling money transfers, it is 
highly likely to soon turn the entire EDI industry upside down. 

In particular, Internet-based EDI promises to eventually make EDI so simple and low in cost that 
small businesses, particularly in Mexico, could begin taking advantage of it. 

The EDI industry is now moving onto the Internet to take advantage of its speed and increasing 
reach. In addition to porting the data interchange software to run securely on TCP/IP networks, 
the dial-up Value Added Networks (VANs) are setting up shop on the web. 

According to Willie Jefferson of Dart Maritime Service, Inc., there are no technical hurdles to all 
EDI functions being performed over the Internet. Netscape's browser and family of products make 
any form usable on the Internet. E-mail messages combined with Common Gateway Interface 
(CGI) scripts can be used to provide automated responses to almost anything.  CGI scripts are 
simple programs executed by Web servers, and perform such functions as HTML document 
searches and form-filling functions.  The next wave is the Java applets from Sun Microsystems. 
There will actually be programs that run over the Internet.  There doesn't seem to be an end to 
this application, especially if the security encryption codes get worked out.11 

Insofar as use of EDI technology in Mexico, serious market entry barriers are prevalent. EDI is 
viewed as an intrusion into the privacy of daily business operations, on the part of the service 
provider or client. A lack of trust still prevails in Mexico. In spite of the lack of enthusiasm shown 
by Mexico’s shippers, large transportation companies, such as TMM, are embracing EDI as a 
means to remain competitive in the world marketplace. 

Evidence of the reluctance of Mexico’s businesses to use EDI is, perhaps, most profound in the 
Nogales-Mexico City traffic corridor. Despite the concentration of electronic companies located in 
Guadalajara (IBM, Motorola, NEC, etc.), a trucking company serving this corridor has but one 
user of its EDI service from among its many high-tech customers. 

Automatic Equipment Identification—Electronic Tags 

Electronic tags were initially introduced into the transportation industry to solve the problem of 
missing equipment. 

Before the introduction of automated electronic tagging, intermodal containers were identified by 
painted numbers read by local handling personnel or yard workers. Inevitably, containers would 
get lost in busy yards at night, in bad weather, or under other conditions. Rail equipment was 
identified by bar codes which were scanned by optical readers—unless the car got too dirty, or 
was lost on a siding somewhere. 

Electronic tags have become widespread in the freight industry. Today all rail equipment is 
tracked and managed with the use of automatic equipment identification (AEI) devices. Many 
intermodal containers and trucking equipment also use AEI. 

                                                
10 Carolyn Meinel and John T. Bosma, World Intermodal Freight Market, PRS International, Newtown 

Connecticut (1994). 

11 
  Willie Jefferson, Dart Maritime Service, Inc., e-mail ms@ix.netcom.comhttp://www.dartmaritime.com 
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Other uses for electronic tags include automatic toll collection and warehouse management 
systems. 

The most widely used electronic tagging method—radio frequency identification (RFID)—was 
pioneered by Amtech Corporation of Dallas, Texas. This design draws on tagging techniques 
developed by the Department of Energy's Los Alamos National Laboratory in Los Alamos, New 
Mexico, over 1971 through 1983 for tracking livestock. (This accounted for the original name of 
the company: Animal Management Technology.)  

These tags are passive because they do not emit a signal on their own. They can be fitted to 
containers, yard tractors and forklifts, trailers, locomotives, flatcars or any other intermodal 
equipment. They can be read by scanners located by the side of a railroad track or road, at a yard 
gate or on roving yard vehicles.  

These passive RFID tags are now being used by railroads, shipping lines, and container-leasing 
companies.

12

 

Amtech tags are also being used by long-haul trucks for automatic toll collection and for bypassing 
weighing stations. Three states—Oklahoma, New Mexico, and Kansas—have developed 
common standards for such tagged operations. But other states are considering tagging methods 
and procedures that may be incompatible with the three states' system.

13

 

To date, AVI has been used in Mexico for warehouse management and for handling containers 
at the terminals of major ports such as Veracruz and Manzanillo.14  CAPUFE does not yet use 
automatic toll collection for trucks; it is used for cars in special lanes on main highways near 
Mexico City.  It is not considered that there is yet any advantage to be gained by increasing toll 
collection speeds for northbound trucks crossing the border because of the slow speeds through 
the U.S. primary inspection processes (see Task 9).  CAPUFE is waiting for the results of the 
NATAP tests; if implemented, special NATAP lanes will be needed but are not yet available. 

A more advanced tagging approach is the dynamic tag: a tag with its own power supply that can 
serve as a collection and data-transmission device for various sensors, including those that might 
measure impact forces, temperature or the presence of hazardous chemicals from a tagged 
container. A dynamic tag can send messages considerable distances. Techniques for transmitting 
these messages may include integration into Personal Communications Services, cellular or 
paging services. Thousands of dynamic tags are already in use. 

An even more advanced dynamic tag is one that can perform one-way or even two-way 
communications with a low-earth-orbit (LEO) satellite. Such tags have been used to track wildlife, 
including migratory large birds, moose, caribou, walruses and other large animals. According to 
one satellite-tag specialty company,

15

 tags can be made as small as a fingernail (depending on 
the power supply) for attachment to the necks of wild eagles; emissions from these tags can be 
detected by LEO scientific satellites like the Argos satellite.  

One satellite tag for commercial containers today is produced and distributed by CLS Argos of 
Toulouse, France. This tag is optimized for tracking tank containers carrying hazardous chemical 

                                                
12 Press release from Amtech (March 11, 1993). 

13 Automatic Equipment Identification: Wave of the Future, Container News (March 1992). 

14 La Empresa. 

15 Telonics, located in Mesa, Arizona. 
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cargos. It has an integral battery pack adequate for one to two years of transmitting power.
16

 

The tag is being distributed by Starsys Global Positioning Company of Lanham, Maryland, a firm 
which hopes to launch a special network of low-data-rate LEO satellites. A similar network is being 
developed by Orbital Communications Company of Fairfax, Virginia. However, the initial date of 
operation for its Orbcomm system has slid considerably. Currently only two of the planned 
constellation of 20 low Earth orbit satellites are in space. 

The introduction of new LEO networks that can be accessed with low cost transmitters promises 
to revolutionize this market by making it cost-effective to embed dynamic tags not merely on 
containers and trailers but on high-value machinery or vehicles like bulldozers, construction 
equipment and other items which may be in use outside the range of lower cost mobile 
communications systems. 

Much activity in satellite tagging is in Europe. For example, a system that integrates a Global 
Positioning Satellite (GPS) chipset that can determine its location, then transmit its information to 
an appropriate tracking center, has been developed by Elkotechnik of Germany, using a U.S.-
developed technique.

17

 Europe is also the site of several other satellite-tracking intermodal 
experiments. For example, a CITRA project under Europe's Drive II program monitored hazardous 
truck shipments through the Alps in the second quarter of 1994. As part of this experiment, a fleet 
of Italian trucks tested GPS beacons.  

Another project, COMBICOM, tested tags on the Cologne-Verona corridor. This project used both 
terrestrial telephone monitors and Inmarsat-C mobile-telephone satellite networks. The British-
managed FRAME (Freight Management in Europe) project used GPS and Inmarsat-C satellite 
networks, as did a joint German, Dutch, French, Italian and Swiss project called Integrated Freight 
Logistics Fleet and Vehicle Management System (IFMS).

18

 

Meanwhile, a fifth European project, called METAFORA (Major European Testing of Actual 
Freight Operations using Road Transport Informatics on an Axis), studied intercommunication 
between satellites and terrestrial EDI networks. A more sophisticated experiment called 
PORTICO (Portuguese Traffic Innovations on a Corridor) monitored hazardous-material 
movements. PORTICO used Inmarsat-C for a driver early-warning and information system to alert 
drivers to road accidents. The Inmarsat-C network also relayed weigh-in-motion and automated 
toll-collection data generated by trucks participating in the PORTICO experiment. This project, as 
well as the preceding European projects, were overseen by the European Community under a 
PORTICO project team.

19

 

The European nation most vigorously involved in satellite-aided tracking of hazardous cargos is 
The Netherlands. Under a project entitled Telematics and the Transport of Dangerous Goods, 
four Dutch trucking firms fitted 20 tank trucks with special sensors that are tied to an on-board 
GPS receiver and an Inmarsat-C mobile satellite communications link. Meanwhile, the Dutch 
trucking firm Cargofoor has implemented a GPS/Inmarsat-C system with its fleet of hazardous-
cargo tankers. Cargofoor's tank trucks operate between Russia, eastern and northwest Europe.

20

 

                                                
16 Data provided by CLS Argos and discussions with CLS Argos personnel at the International Intermodal 

Exposition, Atlanta, Georgia (April 20–22, 1993). 

17 A beacon for safety?, Cargoware International (March 1993). 

18 These projects are described in "The Drive to Satcoms," Hazardous Cargo Bulletin (April 1993).  

19 Ibid. 

20 "Satcoms go Dutch," Hazardous Cargo Bulletin (April 1993). 
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Unlike the previously cited information technologies, automatic equipment identification 
(electronic tags) has gained widespread acceptance in Mexico’s freight industry. Here, the 
problem is more choice from among the profusion of customized, competitive software 
applications than acceptance of the electronic tagging hardware. Concern exists over the lack of 
compatible software with commonplace business software packages. 

11.3.2 Border Inspection Technologies 

According to a 1993 General Accounting Office (GAO) report to Congress, “The current system 
for examining people, vehicle, cargo, and mail for illicit or contraband substances is labor intensive 
and slow. About 8 million containers entered the United States in fiscal year 1992, and this number 
is expected to increase. The USCS needs a mechanism to perform inspections at a high 
throughput rate and increase the reliability of inspections. 

Currently, when Customs suspects that a container may contain drugs/contraband, that container 
is sent to an inspection point and examined. Doing so may require that the container be 
completely emptied, holes drilled in the container walls, roofs, and floors, or interior dimensions 
measured (to detect false partitions). Because these procedures are labor-intensive and slow, 
Customs tries to minimize the impact of inspections on the shipping industry by seeking higher 
technology inspection procedures.”
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In 1989, the Office of National Drug Control Policy concluded that truck trailers and cargo 
containers were the top way to smuggle drugs into the United States.

22

 As a result, at least 10 
government projects on new inspection technologies have been conducted. Four involved neutron 
inspection, two used x-rays, and six were chemical inspection projects. 

Container Inspection Technologies 

Neutron Inspection Systems 

Fast neutron activation creates a three-dimensional map of a container showing concentrations 
of illegal chemicals. It can detect and characterize cocaine in an 8-foot by 8-foot container 40 feet 
long.  

Neutron-pulsed sources bombard the container with neutrons from an accelerator, producing 
inelastic scattered gamma rays which are analyzed to detect drugs. The system is accurate and 
inspects the entire container. 

X-Ray Inspection Technologies 

A joint project between the Department of Defense and the USCS was aimed at developing x-ray 
imaging capabilities. The project used medium- and high-energy x-ray sources. The project also 
depended on the development of algorithms to distinguish contraband from non-contraband. The 
imager was tested in 1992 on standard metal test targets and was scheduled to finish testing in 

                                                
21Drug Control: Status Report on Counterdrug Technology Development, GAO/NSIAD-93-104 

(January 1993) pp. 4, 7, 8. Emphasis added. 

22 Data acquired by John T Bosma while researching drug-interdiction markets for BDM International in 1990. 
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1995. Real and simulated contraband was used.
23

 

Another project studied other x-ray imaging techniques, including variable energy, forward-
scatter, back-scatter, and multiple beam.  

X-ray container inspection technology is currently being deployed along the border as evidenced 
by the commercial vehicle unit that is now operational at Otay Mesa, California. 

Chemical Inspection Systems 

Chemical inspection tests aim at detecting contraband by characterizing air samples from the 
container. The samples could be gathered through sampling ports, by opening the container 
doors, or by sampling vapors emitted by the container through leaks. 

One of the test applications involved a hand-held smart sampler which included its own 
electronics to identify the gasses encountered. 

Improved acquisition for ultra-trace chemical samples would concentrate solid or gaseous 
samples to detect substances present in amounts too small to be detected otherwise. Such a 
device would heat and concentrate the sample, then analyze it.  

A subject to be sampled would first be irradiated and then the secondary gases emitted by the 
target analyzed with the radiation enhanced vapor detector. 

A test project classified as high-risk/high-payoff was the fiber optic chemical sensor. The project 
used substances that fluoresce when they come into contact with certain chemicals. The light 
from a fluorescing compound is captured by a fiber optic cable and analyzed by a spectrometer. 

A quick screen cargo inspection would detect byproducts of cocaine and heroin in air samples 
from containers. Lab tests show the smallest amount of the byproducts methyl benzoate (from 
cocaine) and acetic acid (from heroin) detectable by the system. 

The chemical microsensor test used surface-acoustic wave (SAW) microsensors. SAW sensors 
can be tuned to a certain substance, like cocaine, which causes a detectable change in the sensor 
when it comes into contact with it. Several different SAW sensors tuned to substances of interest 
could be combined in a sampling device.  

Practical Application of New Inspection Technologies 

A high technology inspection system would have to meet several criteria specific to the USCS in 
order to be placed into general use. It would have to be affordable in both initial cost and in 
operating costs, it would need a low false-alarm rate, and it would have to be quick.  

Another concern is the willingness of employees to work with the system, especially with the 
radiation systems. Besides the possibility that special technicians would be needed to operate 
them, safety concerns over radiation exposure to employees arise. The GAO report states: 

Pulsed fast neutron activation and high energy x-ray use electronically generated neutrons 
and x-rays, respectively. These systems must meet federal and state safety standards to 
be used in cargo processing, for example, residual doses of radiation in food stuffs. Also, 
operators and others in the area of the equipment must be convinced that their health will 
not be impaired by even small doses of radiation. According to U.S. Custom Service 
officials, local port authority officials are concerned that accidents or sabotage by 

                                                
23 “High Tech Hunting: Using X-Rays and Computers to Search for Contraband Cargo,” Pacific Gateway 

(Summer 1993) pp. 14–15. 
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traffickers may expose personnel to unsafe levels of radiation.
24

 

Given time and money, programs to identify weapons (capability of interest to Mexico) could also 
be developed, but major advances in current computer pattern recognition programs would be 
necessary to cut down on false alarms.  

In Mexico, Customs officials are concerned with smuggling contraband and the traffic of weapons. 
It is felt that smuggling of contraband occurs primarily via re-exports of Asian products traveling 
through the United States.  None of the container inspection technologies discussed above, short 
of physical inspection, will be able to adequately detect these shipments. 

Intelligent Transportation System (ITS) Technologies 

Significant efforts are also underway by the NAFTA partners to streamline other aspects of the 
border crossing process for both commercial and noncommercial conveyances. The discussion 
below highlights most of the current ITS initiatives aimed at reducing border crossing delay. 

NATAP—North American Trade Automation Prototype 

This initiative has the potential to streamline much of the paperwork filings discussed in the Task 
3.1 report. NATAP, at its core, involves the use of a common trade software application that will 
provide a single data source for all international trade agencies. Data is intended to cover 
merchandise and services; imports, exports and in transit movements; and information needed 
for licensing, permitting, statistical analysis, and trade promotion. 

Developers of NATAP
25

 envision a process that employs the principles of electronic commerce 
and the use of common data elements, based on commercial information, shared among the 
trading partners and submitted to the Customs administrations for analysis prior to the arrival of 
the conveyance. Each transaction will be identified by a North American transaction number. The 
data will be transmitted to the Customs administration by a broker or trader, using a VAN (Value 
Added Network). The carrier will identify each transportation movement by a trip/load number and 
transmit this information to Customs. The North American transaction number will be linked to the 
trip/load number. The trip/load number will be coded on a smart card or transponder located on 
the conveyance. At the time of export, as the conveyance approaches the border, an antenna will 
pick up the trip/load number and the Customs system will be queried. If the data is present and 
no examination is required, the conveyance will receive a green light and may proceed out of the 
country. This will register the export. If examination is required, the conveyance will receive a red 
light and proceed to the export authority for examination. 

As the conveyance approaches the border of the importing (or transit) country, another antenna 
will pick up the trip/load number and query the importing (or transit) Customs system. If all data 
is present and no exam is required, the conveyance will receive a green light and may proceed. 
If the conveyance receives a red light, it must report to the import authority for examination. The 
prototype proposal incorporates immigration, transportation and toll processing. Additional 
Federal trade agency processing may also be included at the discretion of each participating 
country. 

The premise of the prototype is that there exists for every transaction, whether domestic or 
international, a common set of information documenting the sale and movement of merchandise. 

                                                
24 Drug Control: Status Report on Counterdrug Technology Development, GAO/NSIAD-93-104 (January 

1993) p. 8. 

25 International Trade Data Exchange, Report to the Heads of Customs, The Information Exchange and 
Automation Working Group, June 1995. 
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This common information is routinely used and exchanged among the trading partners. Since 
each Customs system has its own way of reporting and aggregating this information, the 
developers of the prototype propose that the three governments standardize this routine, share 
common data and agree to use it as the basis of the transaction. Government data would be 
added to the record only when needed to meet specific requirements. 

Use of the Internet instead of value added networks has since been agreed to, making this a cost 
effective vehicle for both large and small shippers and carriers. The end objective insofar as the 
border crossing event will be to minimize the time and effort needed to complete and file 
paperwork while at the border, both northbound and southbound. Full realization of benefits will 
evolve as more and more businesses involved with freight transportation take advantage of the 
EDI benefits discussed in the previous section of this chapter. 

NATAP is currently being tested at four ports of entry (two on the U.S.-Mexico border and two on 
the U.S.-Canada border) to determine if it provides the desired results, if adjustments are needed, 
and whether the program will continue. 

In Mexico, NATAP is well regarded by large exporters and the Secretaria de Hacienda y Crédito 
Público (SHCP); but there is resistance from some of the Customs brokers who see their business 
diminished by full implementation of the initiative. Certain benefits are clear. In the case of a 
container being shipped from Asia to Mexico through the United States, trip/load information 
needs to be registered up to six times. There is no doubt that NATAP will avoid the need to 
manually enter or transfer electronic files every time there is a change in transportation mode or 
firm, a payment, or a border crossing. Mexican Customs brokers, however, worry that reliance 
on, and acceptance of, the trip/load files will dilute their responsibilities, as chartered by the SHCP; 
and whether there will be means to identify the responsible party in case of error. This issue of 
accountability could require significant changes to the Mexican regulatory framework, bringing it 
on par with the U.S. system of random sampling. 

SENTRI—Secure Electronic Network for Travelers’ Rapid Inspection 

SENTRI is a dedicated commuter lane pilot project that is currently being tested by the INS at 
Otay Mesa, California. This initiative is designed to speed the flow of noncommercial vehicles 
through prescreening of drivers and potential passengers. Similar principles may be applied to 
commercial truck drivers. This ITS technology offers the potential to reduce travel time delays for 
commercial vehicles where noncommercial vehicles obstruct the flow of commercial vehicles, a 
situation that does not typically exist at the most significant ports of entry for freight transportation. 
Application of the rapid driver identification technology would impact the INS vehicle/driver 
inspection process efficiency rather than the customs inspection process, and would thus not 
materially affect crossing times for commercial vehicles at the border. 

Thus far, the program is considered to be a success for speeding the flow of pre-screened 
commuters. The commuter lane handles approximately 900 to 1,200 vehicles per day and could 
be increased to 2,000 to 2,500. Given that no serious implementation problems were encountered 
during testing, the pilot test proved that automated and streamlined border processing procedures 
would work. In addition to much faster processing times in the commuter lane (5 seconds vs. 30 
to 40 seconds) there has been a reduction in waiting times on other lanes due to the shifting of 
some traffic. Only a few drug violations have been found for people using the commuter lane 
improperly; but no problems have been noted for enrolled travelers. 

The value and importance of SENTRI will continue to escalate over time as the population and 
economic commingling of the border cities increases. As the primary beneficiaries of this system 
are border city residents, they should be relatively easy to register, given adequate public 
information. 
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EPIC—Expedited Processing at International Crossings 

Elements of this initiative are targeted at the vehicle/driver inspection process conducted by 
border state law enforcement representatives. Designed to streamline time required for inspection 
of licensing, permits, insurance, etc.; it also includes a “gate-pass” system to provide transport 
status information. The program utilizes vehicle roadside communications (VRC) equipment to 
bypass the state safety/weight inspection stop. This initiative will not materially impact or alter 
U.S. or Mexican Customs inspection procedures; and will therefore not affect the significant 
bottlenecks identified by the investigation in the Task 9 report. This program will be operationally 
tested at the Nogales port of entry and will be integrated with the NATAP demonstration. 

IBEX—International Border Electronic Crossing 

This initiative also utilizes vehicle roadside communications equipment (VRC) to electronically tag 
commercial vehicle tractors and trailers, the objective being to speed vehicle processing through 
primary inspection. This deployment will have minor impact on border crossing delays unless 
customs inspection policies and procedures for contraband interdiction and immigration control 
are dramatically altered. 

Operational details of IBEX are being worked out for the Otay Mesa crossing in California/Baja 
California. Ties between the IBEX project and the EPIC project (discussed earlier) have been 
getting closer over time, especially with respect to integration with NATAP. 

This project design has involved extensive conversations with maquiladoras (Sony and Sanyo) 
regarding participation in the IBEX and NATAP test programs. These discussions have led to a 
better understanding of what is required for commercial viability of automated border processes. 
In addition, there has been progress with the technical development of non-NATAP aspects of 
the IBEX project including vehicle safety monitoring, electronic cargo seals, and itinerary 
verification (verifying that vehicles follow the routes assigned by traffic managers). None of these 
ancillary aspects will materially affect the border crossing delays addressed by this binational 
investigation (Tasks 3 and 9). 

Both IBEX and EPIC are, however, deemed to be important by Mexican trucking firms that wish 
to respect the laws of the United States. While not directly reducing Customs inspection delays, 
they will indirectly contribute to border-crossing efficiencies by reinforcing the NATAP initiative. 

Automated Border Crossing ITS Technologies 

The INS is testing a number of technologies as part of its Automated Border Crossing initiative. 
These include biometric identification of drivers and passengers and the use of “smart cards,” 
credit card size microprocessors that process and store data. The latter appears to have 
significant possibilities for commercial vehicle operations and might speed the primary inspection 
process assuming that contraband interdiction and immigration control procedures can be 
accommodated through other means. 

This initiative is in the study testing phases; and has produced a “Concept of Operations” flow 
chart of generic border clearance processes and a functional architecture for stakeholder 
requirements. The objective is to integrate a number of ongoing ITS technologies through the 
development of a common understanding and vision of program requirements. 

Commercial Port Analysis Model 

This technology is a series of site-specific simulation models that were developed for the USCS 
to investigate new, secondary inspection technologies. This analysis tool was subsequently 
expanded to support operations planning of commercial ports of entry. The simulation models 
focus on the operational procedures of the ports (customs) themselves, long held or believed to 
be the principal bottleneck affecting cross-border trade flows. Thus far, the Binational study 
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investigation does not find that the secondary inspection process of either U.S. or Mexican 
Customs to be a significant barrier to trade, as only 20 to 30 percent of the northbound vehicles 
and 10 percent of the southbound vehicles are routinely selected for inspection. 

 

ATIPE—Advanced Technologies for International and Intermodel Ports of Entry Project 

This is an evolving project designed to disseminate information regarding the status of cargo while 
in transport and border-crossing processes. The tracking system component will enable users to 
retrieve information regarding the location of their equipment via computer, a query currently 
accomplished by telephone and radio. 

All in all, these ITS technology applications offer significant potential for improving the border 
crossing event, particularly the NATAP initiative. NATAP needs to address and resolve a number 
of institutional barriers in order to achieve its desired potential. The time frame for fully deploying 
most of the ITS technology (other than for operational tests) is beyond five years. 

11.3.3 Trends in Intermodal Containers, Rail Cars, Locomotives, Trucking, and 

Cargo Handling Systems
26

 

This section of Chapter 11.3 covers developments in freight transportation technologies outside 
the infotech sector. Despite the relatively slow pace of their development, the following 
technologies are contributing to falling costs and improved quality: 

• Intermodal containers 

• Rail car technologies 

• AC, high horsepower and low emissions rail locomotives 

• Trucking technologies 

• Cargo handling systems 

Intermodal Containers 

The concept of intermodal containers that could be easily transferred between ship, rail and truck 
has had an extended history, with experiments in the 1920s and modest success by several pre-
World War II railroads. However, intermodalism as it is practiced today is generally credited to the 
Matson Line, which in the mid-1950s hauled truck trailers as deck cargo between California and 
Hawaii, and two other U.S. shipping lines: Sea-Land and American President Lines (APL). This 
led to steady growth in marine containers and to Sea-Land and APL sponsorship of a high-speed 
rail "land bridge" linking Pacific Coast ports with East Coast ports or with inland distribution centers 
like Chicago.

27

 

In short, the initial growth of North American intermodal freight was driven by ocean carriers, with 
railroads playing only a subsidiary role. The initial East-West "axis" of early intermodal movements 
(Los Angeles/Oakland to Chicago, Seattle/Portland to Chicago) and the development of high-

                                                
26 Abridged from Interim Report 5.3: Trends in Freight Transportation Technology, California Trade and Goods 

Movement Study, by Meinel/Bosma Research and Barton-Aschman Associates, Inc., January 6, 1996. Updated by 
Binational Study Team. 

27 An excellent history of intermodal freight is David J. DeBoer's Piggyback and Containers: A History of Rail 
Intermodal on America's Steel Highways, Golden West Books, San Marino, California. 
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speed "unit trains" for containers can be credited to containership operators, who also developed 
and purchased the first large fleets of container-hauling railcars. 

However, from the 1950s through the 1980s, U.S. railroads experienced a historic loss of high-
value freight to long-haul truckers; perhaps the most important trend in postwar North American 
transportation. The causes were many: rigid federal regulation of railroads that forced them to 
maintain freight and passenger service on uneconomical branch lines; high labor costs; militant 
unions and archaic, costly work rules that drove up operating costs; and, above all, an inadequate 
appreciation by railroad managers of the growing economic value to manufacturers and 
distributors of rapid, reliable, damage-free freight service.  

Another factor was the U.S. federal government's heavy funding support for non-railroad modes 
of transportation; e.g., the interstate highway system, upgrading of primary and secondary 
highways, airport construction and a massive system of navigable rivers and canals. As a result, 
railroads began to lose markets at both ends of the spectrum. Improved waterways reduced costs 
for barge movement of bulk cargos, including cargos that traditionally had moved by rail. 
Meanwhile, railroads were experiencing competition from truck and air freight at the high-value, 
time-sensitive end of the freight spectrum. With little fanfare, long-haul trucks became dominant 
in this market. 

These negative trends did not go uncontested by the railroads. However, their attempts to win 
back merchandise tonnage and revenue from truckers with "container on flat car" (COFC) and 
"trailer on flat car" (TOFC) railcars suffered from high railcar tare weights, low equipment utilization 
rates and, above all, from inadequate data management and equipment/shipment tracking 
systems. The latter often left rail customers and railroads equally ignorant about the location and 
arrival times of specific rail shipments.  

Following the 1980 deregulation of the railroads by the U.S. Congress (the "Staggers Act"), 
railroads began a long, arduous recovery that saw them shed thousands of miles of branch line 
and thousands of workers. 

Also during the 1980s, railroad trade groups like the Association of American Railroads, as well 
as railcar builders and other railroad vendors, began experimenting with high-productivity single-
car and multi-car designs for both intermodal and bulk cargo. Other technologies rapidly moved 
into the industry, especially equipment tagging and information systems that greatly improved 
railroads' management of their networks and their ability to track individual shipments.  

Meanwhile, the U.S. trucking industry was also deregulated. This led to cut-throat competition in 
the mid-1980s that put many truck lines out of business and drove survivors to invest in 
technologies such as satellite communications and artificial-intelligence routing software for "just-
in-time" manufacturing and door-to-door distribution markets (the latter including overnight or 
express parcel-post delivery). Leading innovators in the industry realized that the new, lean-and-
mean railroads they saw emerging were attractive partners for joint ventures in intermodal “just in 
time” (JIT) transportation. The result has been a growing trend toward combined rail/truck 
ventures for "seamless" intermodal service. 

At the heart of the intermodal revolution lies the familiar "box container," 20 to 53 feet in length, 8 
feet wide and 8.5 to 9.5 feet high; designed for carrying dry cargos. According to the Institute of 
International Container Lessors (IICL), dry boxes account for 85 percent of the world's container 
fleet.

28

 

Variants on this design are many, including collapsible "flat racks," tank-carrying frames, car-

                                                
28 Cited in the article, "Cargo boxed in by ingenuity, invention," by J.J. Lamb, Shipping Digest  

(April 12, 1993). 
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carrying slide-in racks, refrigerated or super-insulated refrigerator containers (reefers) and a host 
of other special designs. Before the introduction of the intermodal container, cargos were 
transported in boxcars or tank cars or were laboriously strapped, as individual boxes or sacks, to 
freight pallets with other freight for forklift loading on to railcars. The latter practice, called 
"breakbulk" freight in the maritime industry, is still widely used today; and it remains the most cost-
effective way to move certain cargos. 

Current containerized cargos range from the exotic to the mundane, covering almost every 
commodity or type of goods used in the industrial and commercial world, with final delivery literally 
to the customer's door or even to the production line. Thanks to the intermodal container or rack, 
these cargos can be transferred in a matter of minutes between transportation modes: for 
example, from a containership or barge to a railcar or truck-hauled "container chassis" (a 
lightweight skeleton trailer that can extend in length to handle various container lengths). The 
productivity gains in train and truck loading and unloading from such high "intermodality" has been 
significant. For example, "doublestack" container trains carrying 6,000 or more tons of containers 
can be loaded in less than three hours and can travel more than 1,500 miles at average speeds 
of 25 to 30 mph.

29

 

The transportation industry's shift to containers has had powerful "ripple effects" throughout every 
industry or business dependent on transportation. Containers, which themselves can carry special 
mini-containers or palletized cargos, permit rapid, secure movement of high-value goods for "just-
in-time" (JIT) manufacturing and distribution networks, where deliveries are often scheduled in 
15-minute windows. Today, leading U.S. railroads combine high-speed cross-country container 
trains with truck shipment to meet such delivery windows. 

Railroads, truckers and "niche market" firms have developed containers for an impressive array 
of cargos that previously required specialized or dedicated non-container cars, or which required 
specialized carriers, crews and procedures. These containers include the following cargo types:  

• Automobile Containers 

• Refrigerated Containers (Reefers)  

• "TankTainers" and "BulkTainers" for hazardous and non-hazardous gases, liquids and 

powdered solids  

• "FlatTainers" for bulky or irregular cargos that can be strapped to a flat trailer 

• Open-Top Containers, Flow-Through Containers 

• Sludge and Municipal Solid-Waste Containers  

• Bulk-Cargo Containers 

Of those listed, the automobile container is frequently used in U.S.-Mexico trade. Traditionally, 
cars were moved by truck or by double- and triple-level railcars. However, this exposed them to 
cosmetic damage during loading, including minor, but highly visible, door-edge damage when 
drivers moved cars on or off such transporters. Cars also incurred environmental damage from 

                                                
29 "MIT Study Finds Stacktrains Reliable, Need for Better Modal Communications," Intermodal Reporter, 

Volume 8, Number 21, April 12, 1993. The study, written by Carl D. Martland and Shou-Jeng Wang of the 
Massachusetts Institute of Technology's Center for Transportation Studies for the Association of American Railroads, 
surveyed 10 stacktrain corridors. Doublestack trains averaged 61 hours in transit—vs. 200-hour transit times at less 
than 5 mph for boxcar traffic. 
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salt, dust, sand, industrial contaminants, and smog-induced paint discoloration; they also suffered 
from vandalism on such transports. 

These problems were eliminated with the "Autostack" rack developed by Greenbrier Companies, 
a leading U.S. developer of new containers. It comprises a simple, collapsible, tubular steel frame 
that is loaded with cars and then rolled into a standard 40-foot, 48-foot, or 53-foot container, 
including marine containers. The rack can be quickly modified by car-loading crews for different 
car sizes. Autostack containers are indistinguishable from other containers, reducing exposure to 
vandalism. At its destination, the rack is folded and returned at a ratio of six racks per container, 
freeing five other containers for return cargo. This solves “lane balance” problems that might 
otherwise emerge with specialized containers. 

Autostack was first used commercially in 1992, when General Motors (GM) began moving new 
cars to Hawaii on SeaLand containerships. Although initially planned for small volume movement 
of expensive vehicles, or for specialized movements (e.g., containerships) where environmental 
protection is critical, Autostack quickly passed into general use. 

The biggest user is Ford Motor Company (FMC), which has begun two-way Autostack movement 
between its Detroit and Hermosillo, Mexico, plants, sending parts south and finished vehicles 
north in a three-railroad operation: Mexico’s FNM, Union Pacific (UP), and Canadian National 
(CN) North America. 

Nissan also uses Autostack racks for shipping assembled cars from its plant in Aguascalientes to 
South America via TMM. 

A significant trend in North American domestic intermodal traffic has been the emergence of long, 
high-volume box containers in 48-foot and in the United States, 53-foot lengths.  Extensions to 
56-foot lengths are under consideration. These containers are designed around the dimensional 
constraints of U.S. over-the-road truck trailers and, as such, are oriented primarily to North 
American domestic service.  

Although first-generation containers of this size have been in operation for several years, they 
have suffered from obstructed internal volume because of the “top mounted” design of their corner 
lifting posts, which are grabbed by the container crane’s horizontal “spreader,” or lifting rack. 
These posts intrude into the container's interior space, creating problems for pallet configurations 
inside the container and for forklift operators moving pallets, or other cargo, around inside the 
box. 

This problem disappears in second-generation containers with a “double-bullet” pin system and 
lifting post design developed by Santa Fe Railroad. Such containers can be lifted from the side, 
rather than the top-lift or bottom-lift methods used with conventional containers. Double-bullet 
boxes remain compatible with top-/bottom-lift domestic and international containers, providing an 
unobstructed, 110-inch, floor-to-ceiling clearance (interior widths identical to North American 
highway trailers), while weighing 2,000 pounds less than comparable top-lift containers. 

Mexican transport companies feel that standards are needed, both for these second-generation 
box containers and for compatible lift equipment, to minimize risk associated with buying into 
these technologies prematurely. U.S. firms, on the other hand, are moving rapidly to gain 
competitive advantage. 

J.B. Hunt and Schneider are two of the trucking companies making the biggest efforts to 
modernize their fleets of intermodal containers/trailers. In 1993, for example, J.B. Hunt ordered 
25,000 containers, 48 feet or 53 feet in length. Some manufacturers have offered 48-foot 
refrigerated containers (reefers), however, these units cannot be fully loaded without exceeding 
weight restrictions on most U.S. highways. 
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U.S. intermodal planners believe that the "ultimate" box container will be a 56-foot box, whose 
introduction will be determined by federal and state decisions to permit longer over-the-road 
trailers. For the time being however, the 53-foot box seems to be winning the battle to become 
the standard. Nevertheless, double-stack container cars now on the U.S. market have 56-foot 
wells that can accommodate two stacked boxes of this size.  

 

The future use outside North America of containers in the 48-foot, 53-foot, and 56-foot category 
is questionable, however. Such boxes are considerably longer than those used in general 
international service, that have a maximum length rarely in excess of 40 feet. Non-North American 
containerports and intermodal yards geared to shorter containers find it difficult to handle such 
long boxes. 

Rail Car Technologies 

Numerous technical advances are underway in North American railroading that promise 
significant improvements in railroad productivity. They include doublestack container cars, low-
tare-weight flatcars (spine cars), bimodal (road/rail interchangeable) trailers and even road-
capable locomotives, and high-horsepower and AC (alternating-current) locomotives. These 
technologies offer railroads the opportunity to compete for delivery of time-sensitive cargos, 
thanks to the concept of interconnected, intermodal logistics services. 

Doublestack Well Cars, Spine Cars 

As noted earlier, North American railroads attempted for several decades to move containers and 
truck trailers on extra-long trailer-on-flat-car (TOFC) and trailer-/container-on-flat-car (COFC) 
railcars. These suffered from high tare (empty) weights and could only carry one tier of containers 
or trailers. By contrast, two railcar designs have driven much of the extraordinary productivity 
growth in intermodal rail transportation over the last decade: (a) the "doublestack wellcar," first 
introduced in the mid-1980s; and (b) the "spine car," a low-tare-weight flat car (basically, a flatcar 
with most of the steel deck missing) that can carry non-stacked containers and trailers in various 
combinations.  

The low-slung doublestack well car (see Figure 11.4) draws on decades of railroad experience in 
hauling extremely heavy, oversize cargos like boilers, tanks, transformers, armored military 
vehicles and tracked construction equipment on "low boy" or "depressed center" flatcars. The 
doublestack well car can carry two levels of containers. The clearance requirements of 
doublestack-cars have often required rebuilding or enlarging tunnels, overpasses and other 
obstacles. (However, some railroads like CSX have routes in their systems with bridge, tunnel 
and overpass clearances that cannot be economically modified for doublestack operation. This 
inability to move doublestacks has thus driven railroads such as CSX toward another technical 
approach: the "Iron Highway," as discussed later.) 

For both car types, ride quality has been an important make-or-break economic consideration. 
Railroads had long suffered image problems with potential shippers because of the shock loads 
imparted to cargos by the "slack action" produced by railcar couplers.

30

 Railroads and car 
designers were able to reduce slack action and shock loads for doublestack cargos by developing 

                                                
30 Conventional railcars have up to six inches of slack per car. As the lead end of a long freight train starts to 

move, slack is quickly worked out of the rest of the cars as they jerk into motion. By the time the last car begins to 
move, the engine may have moved perhaps 100 feet and may be moving perhaps 5 mph. The last cars are jerked 
abruptly into motion. An opposite "running in" of slack by the rear cars occurs when the engineer brakes; air-brake 
action works first on the lead cars. Both forms of slack can impose high shock loads. 
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five-platform-car units joined by slackless couplers and also by improving rail joints and roadbeds. 
This led to reductions in vertical and lateral forces for doublestack cargos, as well as reduced 
side-to-side sway. 

 

 

   (Photo courtesy of Geenbrier Intermodal) 

Figure 11.4  Doublestack Well Car  
 

Many routes cannot be affordably enlarged or do not have the densities of container traffic for 
doublestacks. Moreover, doublestacks can not carry the thousands of "piggyback" truck trailers 
built in pre-doublestack days. The solution is the "spine car," which like the doublestack well car 
include variants for single-car operation as well as operation in multi-car units joined by slackless 
couplers. The spine car carries trailers and containers; it offers a lower empty (tare) weight than 
the more massively constructed TOFC (trailer on flatcar) car. Yet the spine car's lack of a 
continuous deck (as compared to TOFC decks) means that trailers cannot be driven on and off, 
but must be loaded and unloaded by trackside cranes. Thus, the spine car achieves higher 
tonnage-per-car productivity at the cost of more complex facilities and handling equipment. 

In Mexico, use of piggybacks never materialized due to a variety of reasons: inadequate 
frequency of FNM rail service, slow speeds, lack of equipment tracking hardware and software, 
lack of lift equipment or ramps at rail yards, and shorter average trip lengths. Piggyback trailers 
arriving at the border would normally be off-loaded at Laredo or El Paso and trucked into Mexico. 

Use of double-stack well cars and spine cars, and the privatization of Mexico’s railroads may 
overcome these earlier barriers to intermodalism. Equipment is not yet of a single standard, 
however, technical innovation is still occurring and Mexico’s transport companies are attempting 
to manage their risks. Thus the complexity of intermodal transportation is posing challenges to 
Mexican businessmen. 

To respond to these variables, a company named TTX, who rents equipment to railroads, is 
acquiring 5,000 units of a platform they have named TTAX that will be capable of hauling both 
trailers and/or containers. This car will be different from a double-stack well car, which exclusively 
hauls containers. 

Along similar lines, Gunderson has introduced a new intermodal car that will transport two 28- 
foot trailers, or one 40- to 53-foot trailer, in addition to their double-stack container capability. 
Another model will carry four 28-foot “pup containers” on a single car. Again, the motivation for 
these innovations is increased flexibility, which should have a favorable impact on Mexico’s 
transport market. 
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Bimodal Trailers and Locomotives 

Railroads are also experimenting with "bimodal" truck trailers that can be driven up to a rail track 
and converted to rail movement by connecting the trailer to a simple "bogie" unit that lifts the 
trailer up to a foot or more above the rail for high-speed travel (up to 125 mph). Entire trains of 
bimodal trailers like the RoadRailer can be pulled by locomotives; alternatively, they can be 
attached to ordinary freight or passenger trains. Lightweight bimodal locomotives capable of rapid 
transition between road and rail at any railroad crossing are also under test in Canada. Such units 
are ideal for road-poor nations that have good rail coverage. 

Several features common to bimodal systems or concepts should be highlighted. First, bimodal 
systems can operate without conventional locomotives and expensive intermodal freight 
terminals, containeryards and expensive trailer- or container-handling cranes. Instead, say their 
proponents, they can operate with facilities as simple as a flat gravel-covered siding. Second, with 
several exceptions; e.g., CSXI's Iron Highway and Canada's Innotermodal concept, these bimodal 
systems are interoperable with conventional engines or railcars. For example, their couplers and 
air brake connections permit them to be attached to conventional trains. Third, their low facility 
costs and operating costs allow bimodal trains to compete with trucks over segments as short as 
only several hundred miles, depending on the specific corridor. This also makes them ideal for 
short-haul lines. 

The following is a review of bimodal concepts that have been field-tested at testing sites like the 
Association of American Railroad's (AAR's) Research and Test Facility in Pueblo, Colorado, or 
which are already in service. 

RoadRailer 

This bimodal family of trailers (see Figure 11.5) has been developed by Wabash National 
Corporation of Port Washington, New York, and is now widely used in Norfolk Southern Railroad's 
"Triple Crown" JIT service on the East Coast (with 2,300 units in operation). It is also being used 
by Amtrak and Conrail for parcel post and other JIT deliveries. RoadRailer trailers have 
demonstrated safe operation behind Amtrak passenger trains at speeds up to 125 mph. 

Early RoadRailer designs, like the 1970s Mark IV, incorporated retractable railroad wheels in 
addition to standard highway wheels. This design suffered from loss of payload weight, and 
complexity and difficulty of repairs in existing truck-only or railcar-only repair facilities. The current 
Mark V series includes 48-foot and 53-foot designs. Unlike the Mark IV, the Mark V employs a 
four-wheel rail bogie that joins the front end of one trailer with the rear end of another, while lifting 
both clear of the rail. The bogie stays permanently on the track and can be shuttled around with 
minimal effort. 

Important labor savings are realized by the RoadRailer. For example, Mark V RoadRailer trains 
can be assembled by two people: a truck driver (hostler), who backs the trailer onto the inter-
trailer bogie, and a second person who hooks up the bogie and detaches the trailer from the 
hostler's tractor.  

Mark Vs can be assembled into long RoadRailer-only trains pulled by conventional locomotives 
or by "bimodal" locomotives like modified over-the-road truck tractors. Smaller RoadRailer trains 
can be attached to conventional freight and passenger trains. 

The RoadRailer can be coupled to traditional boxcars, double-stack well cars, and passenger 
cars, as noted above. Given this versatility, there is no doubt that this equipment could have great 
potential in Mexico, particularly in traffic lanes where double-stack operation is not feasible, for 
serving regional markets where unit trains need to be split, and/or where lift equipment is not 
available. 
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Figure 11.5  RoadRailer  
 (Photo courtesy of Wabash National Corp) 

 

 

Railrunner 

This concept has been developed by Harry O. Wicks (the inventor of the Mark V RoadRailer) of 
Harwick Design Associates in El Paso, Texas. Railrunner improves on the RoadRailer Mark V by 
simplifying the bogie and eliminating the need for the truck trailer to carry a compressed-air supply 
for raising the trailer onto the bogie. Railrunner bogies use radial-steering trucks for safer high-
speed travel; incorporate an air-ride suspension for reduced shock loads; and incorporate more 
of the coupling mechanism in the bogie (as opposed to putting heavy castings, tongues, etc., on 
the truck trailer). Wicks believes that existing trailers could be retrofitted for $750 to $1,000, 
permitting existing highway trailers to be easily modified for bimodal operation.
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Innotermodal 

This Canadian concept has been developed by Innotermodal Inc., a small Quebec engineering 
firm that has worked with Canadian National (CN) Railways on the concept. It is now being tested 
at the AAR's Pueblo, Colorado, test site. Like the RoadRailer, an Innotermodal train uses bogies 
to join inexpensively modified truck trailers. The two bogie-mounted "fifth wheels" that link trailer 
front and rear ends to the bogie are identical, which permits an Innotermodal train to travel in 
either direction. (This is not the case with RoadRailer bogies, which have only one "fifth wheel" 

                                                
31 Discussion with Harry Wicks at International Intermodal Exposition, held in Atlanta, Georgia  

(April 20–22, 1993). 
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and cannot accept trailer front or rear ends interchangeably.)  

Innotermodal trains (see Figure 11.6) employ "distributed power" from small diesel-electric power 
units spaced every 8 to 10 trailers, with an unpowered one- to two-person control cab at the front 
of the train. This eliminates the need for rugged trailers that can tolerate the pulling forces exerted 
by standard locomotive-pulled trains. 

Both the control cab and the power unit of the Innotermodal design can be truck-towed on 
highways. The result is a very flexible system that is cost-effective with as few as eight trailers or 
as many as 80. Innotermodal trailer-trains can be put together on industrial sidings or at any 
location where highway trailers can be driven onto the rail. 

Iron Highway 

As noted earlier, this concept is being developed by CSX Intermodal and New York Air Brake 
Company. It attempts to solve a serious problem on CSX's East Coast north/south route: the 
railroad's inability to enlarge Baltimore's Henry Street Tunnel to accommodate doublestack 
operations. This has driven CSX to find a technique to match the operating economies of 
doublestack with a simple, low-operating-cost single-level container/trailer train. 

The result is the Iron Highway, a continuous platform of interconnected flat cars that is 1,250 feet 
long and can carry perhaps 20 over-the-road truck trailers. Up to five platforms carrying 100 over-
the-road truck trailers of standard length can be joined to form a train, with propulsion provided at 
each end by lightweight diesel-electric power modules equipped with a control cab. Each power 
module in this bi-directional train feeds power to electrically powered axles on the nearest five 
platform segments. This solves a serious energy-efficiency problem common to conventional 
trains, whose locomotives must be heavy enough to pull the train without wheel slipping.

32

But the 
greatest innovation is the train's loading and unloading simplicity (see Figure 11.7). Like trains 
with traditional "circus ramp" loading, Iron Highway trains can be loaded on any flat siding that 
has road access. In the center of each 1,250-foot platform is a ramp car that splits in two, forming 
two ramps that allow truck drivers to load and unload their trailers. Ramp separation and closure 
are controlled by the train engineer on the ground, using a remote train-control radio to move the 
two power units during ramp operation. Two persons—a train engineer and a driver—can load or 
unload 20 trailers in 30 and 50 minutes, respectively. Thus a five-platform Iron Highway train of 
100 trailers can be loaded and unloaded with 100 trailers in less than an hour. This is one-third 
the time required for today's crane-assisted TOFC or trailer-on-spine-car loading operations.  

CSX Intermodal (CSXI) believes that its Iron Highway will be competitive with trucks on routes as 
short as 250 miles, far lower than the 700-mile figure for doublestack operation. The train would 
open up customers on routes of 250 to 700 miles that today are unserved by conventional 
intermodal carriers. Customers can use their own trailers in intermodal service without the need 
for costly lifting points or $1.3 million trailer-handling cranes. When combined with highly flexible 
loading locations, the concept reduces the capital needs that a trucking company faces in going 
intermodal. Equally important, the low operating costs of Iron Highway trains permit more frequent 
service and departures between major urban areas than is economically feasible  

 

  

                                                
32 "Iron Highway: New York Air Brake Innovation Could Provide A New Future for Freight Railroads," by 

Douglas B. Beeson, Watertown [NY] Daily Times (November 15, 1992). 
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Figure 11.6  Innotermodal System  
 (Illustration courtesy of Innotermodal, Inc.) 
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Figure 11.7 Iron Highway  

 (Illustration courtesy of Watertown Daily Times) 

 

with doublestack, TOFC/COFC or spine-car train configurations. A third advantage is that 
customers do not need to have a separate department to deal with intermodal as Iron Highway 
can be viewed as an extension of their truck load service.

33

 Given these characteristics, Mexico 
may be a good candidate for this technology due to the size of their regional (lower volume) 
railroad operations. 

Locomotive Designs 

U.S. railroads have operated diesel-electric locomotives since the mid-1930s. With rare 
exceptions, all of these have employed axle-mounted direct-current (DC) traction motors driven 
by a diesel-powered generator. These electric motors are the most rugged of their kind in the 
industrial world. Their performance and efficiency are the single most important determinants of 
locomotive tractive power. Today's DC locomotives offer tractive or "drawbar" power as high as 

                                                
33 Data provided by CSX Intermodal, Hunt Valley, Maryland. 
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160,000 pounds for the latest four-axle and six-axle locomotives. (A locomotive's drawbar rating 
refers to the tractive power available for pulling after subtracting the tractive power needed to 
move the locomotive itself.)  

Meanwhile, train weights have increased, with trains up to 22,000 tons moved on U.S. railroads. 
Train speeds have also increased, with 8,000-ton trains often reaching 75 mph. The assignment 
of locomotives to specific trains (known as "power dispatching") has become more scientific as 
railroads seek to squeeze the last dollar of operating efficiency out of their locomotive fleets. In 
general, U.S. railroads have sought to reduce the number of locomotives needed to haul trains 
while demanding higher locomotive availability rates and better operating reliability on the road. 

Alternating-Current (AC) Traction Motors  

Years of operating experience have shown that the desired locomotive characteristics noted 
above are heavily influenced by the reliability of the locomotive's traction motors. Unreliable 
traction motors quickly translate to locomotive fleets that are inefficient and larger than is optimal 
as fleet managers compensate for locomotives undergoing repair. Traction-motor deficiencies 
also lead to the over-powering of trains as dispatchers try to hedge against locomotive 
breakdowns on the road by assigning extra locomotives to the train.  

Against this rigorous economic and operational environment, the DC traction motor has serious 
deficiencies. It is electro-mechanically complex. Even worse is that it requires a very high standard 
of insulation for both the motor's rotating armature and also for the fixed "field windings" 
surrounding the armature. This level of insulation is difficult to maintain. North American 
locomotives operate in extreme climates and must tolerate blowing snow and rain—moisture that 
is lethal for DC motors. The grades and tonnages hauled on many lines stress traction motors to 
their thermal limits, causing premature breakdowns of insulation materials. As two authors 
recently wrote, the DC traction motor may have reached its technical limits: 

The North American operating environment for [locomotive] traction motors represents 
one of the most severe environments for any electrical machine. The combination of wide 
variations in climatic loadings, vibration and impact loadings, and heavy duty cycle 
compound each other to produce a machine designer's nightmare.
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The writers see an attractive alternative to DC designs in the alternating-current (AC) traction 
motor, which is widely used in Europe. The AC motor is simple, robust and more reliable than its 
DC competitor. However, its adoption poses risks for U.S. railroads. It employs more complex 
power-control electronics. It also is a largely untried technology for U.S. railroads, whose 
historically slender operating margins have tended to make them cautious in adopting new 
technologies.  

Nevertheless, one North American railroad, Burlington Northern Santa Fe (BNSF), has made a 
large order for AC locomotives that will be built by General Motor's Electro-Motive division in 
LaGrange, Illinois, using technology from Germany's Siemens AG. The BNSF order was based 
on operating experience with prototype AC locomotives on heavy coal trains—the most severe 
railroad operating environment today. BNSF found that the five DC locomotives it routinely used 
on heavy coal trains could be replaced by four, and even three, AC locomotives.  

High-Horsepower Locomotives  

Another recent U.S. innovation in locomotives is the development of high-horsepower locomotives 
with ratings of 5,000 to 6,000 horsepower. These locomotives have been announced by Morrison 

                                                
34 Peters, A.J., and Anderson, G.B., "A.C. traction: How soon?," Railway Age Special Supplement: Better 

Railroading Through R&D, published by Railway Age magazine. 
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Knudsen Corporation (MK) of Boise, Idaho. These units represent a major jump over the 4,000-
horsepower locomotives that, since 1990, have represented the most powerful diesel-electric 
locomotives operating today.  

High-horsepower locomotives have often been developed for special niches—for example, as 
"helper" engines for coal trains on steep mountain grades—or for particularly demanding routes, 
such as UP's route between Ogden, Utah, and Cheyenne, Wyoming. It has often been difficult to 
find niches for such locomotives in general-purpose freight, where they tend to be over-powered 
(and thus costly in fuel) for many assignments. Since 1970, horsepower ratings for single-engine 
locomotives have improved only slowly (generally in 200-horsepower increments) from 3,000 
horsepower to today's 4,000 horsepower.  

MK's decision to undertake a leap in horsepower rating of 1,000 horsepower and higher (from 
4,000 to 5,000 horsepower) is thus a major jump in locomotive design practices, made even more 
so by MK's decision to use a Caterpillar family of engines that has seen only rare use in mainline 
locomotive service. Both steps are unusual in a conservative industry where engine 
improvements have tended to come slowly and at high cost. 

Yet in the context of heavier coal trains and doublestack container trains, there is a clear payoff 
for such high-horsepower locomotives. The addition of AC traction motors makes them even more 
attractive. As noted earlier, BNSF has found that it can substitute AC for DC locomotives at ratios 
of three or four AC units for five DC units.  

The addition of high-horsepower AC-driven locomotives will improve this substitution ratio even 
more. Today, U.S. and Canadian unit coal trains operating over difficult mountain grades may 
employ as many as 15 locomotives spread throughout the train. The use of high-horsepower and 
AC traction motors will reduce such numbers considerably. Railroads like UP and BNSF 
emphasize movement of heavy stacktrains for long distances (e.g., Los Angeles-Chicago) at high 
speeds. High-horsepower locomotives will find a natural niche for such assignments.  

Alternative-Fuel Locomotives 

Environmental restrictions in areas like southern California are motivating locomotive builders to 
design low-emission locomotives for operations in congested urban areas. Intermodal 
containerports like Oakland and Los Angeles operate in heavily urbanized air basins whose 
inversion layers and annual solar flux combine with the region's high car and truck populations to 
create some of the world's worst photochemical smog.

35

 

In an effort to control the particulates, carbon monoxide and other particles or chemicals from 
gasoline and diesel engines that contribute to smog, the California Air Resources Board (CARB) 
and the South Coast Air Quality Management District (SCAQMD), which regulates the Los 
Angeles air basin, have introduced stringent controls on internal-combustion engines, both 
vehicular and non-vehicular, and on all forms of air pollution generated by commercial or industrial 
facilities, including containerports and rail/truck intermodal yards. CARB regulates vehicle-caused 
air pollution as well as all internal-combustion (IC) engines. Its mandate ranges from man-portable 
leafblowers to railroad locomotives, tugboat engines, truck and car engines and all other mobile 
or fixed IC engines. Meanwhile, SCAQMD regulates facilities ranging from power plants to 
factories, intermodal yards, bakeries, chemical plants and waste-disposal sites.  

CARB's impact on the world's automotive and engine-manufacturing industries has been 
profound and revolutionary. Because the California vehicle market is such a critical "showcase" 
market for the global auto industry, CARB regulations have set off multi-billion-dollar investments 

                                                
35 This refers to air pollution whose chemical features are strongly influenced by interactions with sunlight. 
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by U.S. and foreign automakers, along with their governments, in advanced fuel controls, low-
emission IC engines and methanol-powered vehicles, and "ultra-low-emission" (ULE) or "zero-
emission vehicles" like hybrid IC/electric cars and all-electric vehicles.  

Other CARB-motivated advances include the use of artificial intelligence methods to identify and 
repair IC engine malfunctions that cause overlimit pollution. CARB's focus on vehicle pollution 
has also driven California into leading-edge ITS projects in adaptive traffic-control, which seek to 
maintain smooth traffic flows on Los Angeles freeways and avoid highly polluting stop-and-go 
traffic flows. 

In similar CARB-motivated advances, U.S. builders of diesel engines for both mobile and 
stationary use have poured billions of dollars into ultra-clean diesels. In addition to their California 
operations, railroads operate in other regions like the Northeastern United States that have 
adopted CARB-type regulations. Thus, cleaner engines are an issue of considerable urgency. 
Advances include low-emission diesels burning conventional diesel fuel, as well as natural gas-
modified diesels.  

Industry leaders include MK, which is developing a natural gas-powered medium-horsepower 
locomotive, and BNSF Railroad, which has developed several experimental "refrigerated liquefied 
methane" (RLM) locomotives fueled by natural gas deposits.  

Mexico will likely follow the above-identified technology advances as it seeks to modernize its 
railroads through privatization ventures. Prior efforts to create an electrified rail link between 
Mexico D.F. and Querétaro did not materialize, hence, diesel traction motors are the likely choice 
as private firms upgrade and add new locomotive equipment. It is generally agreed that Mexico 
will benefit from the new diversity in locomotive equipment, particularly due to the availability of 
more powerful units. These high horsepower units will enable the railroads to overcome the 
elevation changes between the coastal and inland areas more cost-effectively. 

Trucking Technologies 

Like the railroads, U.S. trucking has also been deregulated. This has led to many inefficient 
operators being driven out of the business and has motivated the strongest survivors to develop 
new technologies in fleet management and load/truck optimization for improved just-in-time 
performance. Truckers specializing in long-haul freight have also been plagued by high driver 
turnover. The industry’s attempt to increase the productivity by means of “long combination 
vehicles” (LCVs), comprising a tractor, semi-trailer and two additional trailers, has been strongly 
opposed by Congress and by many state traffic-safety experts. Truckers are also vulnerable to 
increased fuel prices, more so than freight competitors like the railroads. 

On the positive side, an important development has been truckers’ realization that the intermodal 
container, especially in the North American domestic market, is attractive for both transportation 
and distribution. Truckers found that many customers’ needs could be met by containers delivered 
directly to and from the customer’s door, eliminating the need to aggregate palletized cargos in 
freight terminals. 

The container’s handling and stacking simplicity is transforming U.S. trucking. Leading trucking 
companies like Schneider Trucking and J.B. Hunt have developed joint ventures with railroads for 
“seamless” intermodal movement and are replacing thousands of conventional truck trailers with 
containers and chassis units. (The latter are lightweight trailers that can be extended for various 
container lengths and are towed behind standard truck tractors.) They are also looking closely at 
bimodal concepts like the RoadRailer and Iron Highway. The result of these trends is the 
reorientation of trucking from long hauls (where railroads have a clear edge in economics and 
productivity) toward shorter hauls and more specialized just-in-time and door-to-door service. 
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Since the mid-1980s, truck designers and operators have moved with a speed unusual in the 
industry to incorporate new technologies in truck and trailer designs. Aerodynamics have been a 
strong engineering factor, resulting in the now-common “aerobody” appearance of many truck 
tractors. Truck-engine builders like Cummins, Detroit Diesel, Caterpillar, Ford and Mack have 
devoted considerable effort, measured in the billions of dollars, to low-emission diesel engines, 
to alternative-fuel or multi-fuel engines that can run on diesel, methanol and compressed natural 
gas, and to high-horsepower engines in the 500-horsepower range, with over seven liters of 
displacement. Transmission and drivetrains have improved considerably, with highly efficient 
hydrostatic transmissions appearing on the market. 

Other advances include fuel-control electronics for “adaptive” engine control and reduced 
emissions; lightweight materials and structures (fiberglass, aluminum); anti-lock braking systems; 
“smart tires,” including tires that electronically transmit their air pressure to an onboard display; 
and, most important, mobile communications, onboard data loggers and fleet-management 
technologies in general. 

As a result, the trucking industry in the United States, a highly fragmented industry with many 
independent and individual operators that has long been slow to adopt new technology, has 
undergone a massive technical revolution within less than a decade. This is especially true in 
such areas as satellite communications and artificial-intelligence routing and scheduling software, 
which incorporates the latest mathematical findings in “traveling salesman” routing algorithms and 
economic-optimization algorithms. 

The most significant technical infusion has been in communications and fleet management as 
discussed earlier under “Information Technologies.” Today, leading trucking firms (e.g., 
Schneider) operate trucks and trailers equipped with satellite communications that permit drivers 
and dispatchers to communicate over dash-mounted keyboards. (Voice communication by 
satellite is available at higher cost.) Satellite communications allow drivers to improve their just-
in-time performance and load scheduling and eliminate once-common “backhauls” of empty 
trailers. 

Such communications have also improved driver and cargo security. Today, trucking dispatchers 
can buy satellite-communication packages that allow them to remotely activate anti-hijacking 
measures (engine shutdown, brake activation, door locks, alarms, etc.) if a driver is hijacked or if 
the dispatcher sees a truck standing still for extended periods of time. Remote datalinks also 
permit dispatchers and mechanics to troubleshoot a truck engine and even adjust it while it is 
operating, without the knowledge or intervention of the driver. 

Packages are also available for troubleshooting refrigeration compressors on refrigerated trailers; 
this can also be used for refrigerated railroad cars. Other options permit a driver to use his tractor 
as a local paging center. This allows a dispatcher to send a message by satellite to the cab while 
the driver is in a nearby restaurant or terminal, with the driver paged from the cab. 

Equally important has been the development of advanced routing and scheduling software, much 
of which employs the latest advances in artificial intelligence research. Routing programs for 
trucks have been critical to the successful operation of express-delivery services in congested 
urban areas. Long-haul truckers have also come to depend on such programs for en-route load 
planning. These programs can rapidly calculate the location of the truck in relation to new cargos, 
the value (and anticipated revenue) of the cargo, the operating costs of the truck and the mileage 
to be traveled with a new cargo assignment. While the trucker drops off his cargo, the program 
identifies the cargo/destination pairing of highest value and tells the dispatcher where to send the 
truck. 

The demand for routing algorithms, including “adaptive” routing algorithms that can provide real-
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time route advisories to accommodate traffic jams and accidents, is particularly strong among 
express courier services like UPS, Federal Express and even pizza delivery services. Such 
adaptive software is also commercially available for fire trucks and ambulances. 

Recently, Rockwell has patented and is shipping a “state line crossing” management information 
system that is targeted toward fleet operators and government regulators alike. The Rockwell 
system contains a database that defines the latitude and longitude of the borders of all U.S. states 
and Canadian provinces. Also included are the borders between the United States and Mexico. 
The database is able to include future roads that cross state or national borders. When used with 
a Global Positioning System, or GPS receiver, the system enables automatic recording of the 
time and date of border crossings.
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Sophisticated software programs are also available for fleet management. These calculate the 
maintenance needs of the truck, drawing on repair data and other information. When combined 
with onboard recorders that monitor the truck’s speed, fuel consumption and brake use, such 
programs can assist a dispatcher or fleet manager in determining which trucks are the most fuel-
efficient for a specific route or which drivers are “riding the brakes” too much, indicating unsafe 
driving (e.g., tailgating). 

The spread of such programs is assured by the availability of rugged sensors that can monitor 
tires, drivetrains and other truck components. For example, experiments are being conducted with 
tires that transmit their pressure and related stress indicators to the driver, warning him of potential 
blowouts. 

Technological Changes in Mexico’s Trucking Industry 

Power Units 

In the past few years, Mexico’s trucking industry has incorporated significant advances in 
transmission and drivetrain efficiencies, improved suspensions and tractor cab equipment, and 
standardized parts and repair components. 

The following are some of the more significant advances: 

• Introduction of higher torque engines yielding 15 percent more horsepower with a 10 percent 
improvement in fuel mileage and greater payload capacity for mountainous terrain. 

• Introduction, in 1992, of fuel-control electronics for adaptive engine control, which has allowed 
improved engine performance and acquisition of operation data. 

• Improved transmissions with 14- and 18-speed gearboxes that are better suited to the 
country’s topography. Some of these new transmissions provide higher fuel mileage (up to 
one kilometer per gallon), as well as facilitating engine braking, which lowers maintenance 
costs while improving safety. 

• New safety features, such as anti-lock brakes (ABS), hydrostatic transmission, and hydraulic 
steering. 

• Introduction of on-board electronics, such as dashboard instruments, locational tracking 
devices, CB radios, and computers for retrieving information or generating invoices and 
waybills. Thus far, only a limited but growing number of firms have made these investments. 

• Standardization of original equipment and repair (spare) parts. Between 1988 and 1992, 
assembly companies in Mexico adopted the BIN original parts coding system. While 
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implementation of this standard numbering system is still incomplete, improved quality control 
is apparent. 

These improvements have allowed Mexican trucking firms to maintain or increase their 
competitive advantage over the FNM railroad and have enabled Mexican firms to meet U.S.-
Mexico transportation standards. 

Modernization of Mexico’s heavy tractor- and trailer-manufacturing facilities is still undergoing 
consolidation in response to global markets and competition. The unique operating environment 
of Mexico requires that domestic manufacturers and exporters to Mexico adapt their products to 
the structural integrity and motive requirements of the marketplace, while providing the latest 
technological components. Specific product needs relate to payloads, topography, and spare 
parts, among others. 

For example, it is common knowledge that the dead loads (tare weight) of Mexico’s trucks are 
higher than those in the United States and Europe (up to 2.5 tons for a tractor and 1.5 tons for a 
trailer). This higher tare weight partially explains why higher gross vehicle weights are permitted 
in Mexico than are sanctioned in these other countries. 

This situation is not a result of inferior manufacturing expertise, as has been speculated by some 
observers. Rather, the higher tare weights are the result of providing more durability to 
accommodate pavement conditions on federal highways, topography, and the desire to minimize 
maintenance needs, particularly for drivetrains, transmissions, and suspension systems. 

It is felt that while the Mexican federal highway system will eventually reach U.S. standards 
(design parameters and pavement maintenance), manufacture and preference for heavier duty 
equipment will likely exist for the other reasons and/or conditions mentioned above. In addition, 
manufacture of heavier duty equipment will enable Mexican industry to compete for exports to 
other countries in Latin America having conditions similar to Mexico. 

Regarding payloads, the current perception is that adopting the U.S. and Canadian standards 
may not be in the best interests of Mexico. During the last 15 years, the U.S. trend has been to 
reduce, or at least not increase, the permitted gross vehicle weights (GVW), thus limiting the 
payload of each tractor-trailer combination to between 24 and 28 tons. Increasing the length of 
trailers to 48 and 53 feet has not increased payload tonnage, per se, although it has allowed 
higher packing volumes for individual shipments or consolidated loads. 

Increasing the GVW limits is being discussed in the United States in conjunction with more axles, 
to avoid pavement damage, and the use of longer combination vehicles (LCVs) as mentioned 
earlier. Thus far, however, the American Trucking Association's proposals have not gained 
acceptance in Congress, due in part to the abundance of intermodal options in the United States. 

For Mexico, however, weight appears to be less of an issue than length; and it is felt that binational 
trade can be separated from domestic freight issues. For domestic freight, higher authorized 
weights, as permitted in Mexico, allow trucking firms to achieve higher payloads, which permit 
sustained profits. For binational trade, Mexican trucking firms feel that they can reduce the 
payloads of trailers crossing the border without overly affecting their fee structure. This dual 
standard should not affect U.S. trucking firms who are held to the lower GVW limits in the U.S. 
domestic market. 

However, payload versus operating cost trade-offs are complex. In Mexico, the consequence of 
hauling heavier loads is higher fuel and tire costs and more wear and tear on powertrain 
components. These consequences may not be offset by use of heavier duty tractors.  

Thus far, use of fuel-control electronics has not produced the desired payback because few 
Mexican companies have displayed the ability to use the available information to optimize the 
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management of their fleet. Likewise, operator training has failed to keep pace with the information 
available through on-board data loggers. 

In spite of these unrealized potentials, new technology power units continue to be sold and 
purchased in Mexico. The marketplace appears, however, to be responding more to the 
manufacturer’s post-sale maintenance programs (warranties, and contracting-out options) than 
displaying a radical transformation of the carriers' management methods or investment 
philosophy. 

Use of a higher proportion of fuel-efficient equipment might also eventually address the goals of 
the National Commission for Saving Energy which, since 1989, has been attempting to lower the 
fuel unit consumption of the trucking industry. While higher tare weights and payloads, 
topography, inadequate driver training, and, occasionally, maintenance deficiencies are often 
cited as reasons for poor fuel mileage, it remains a concern, both for energy policy reasons and 
for competitive reasons, particularly as the average price of diesel fuel in Mexico is 8 to 12 percent 
higher than in Texas. 

Tied to the issue of reduced consumption is the availability of sulfur-free diesel fuel. 

“It’s a concern,” said Linda Bauer-Darr, vice president of international affairs for the American 
Trucking Associations. “This has been an issue for us since the NAFTA negotiations began, we’ve 
been watching it closely and…are seeking assurances not only that it would be available, but 
available in adequate supply. Pemex intends to concentrate the cleaner diesel fuels in high-density 
corridors to serve transporters.” 

“The issue is important because it speaks to the speed, or lack thereof, at which the NAFTA parties 
will be able to standardize transportation requirements and practices. It is also an important 
indicator of how committed NAFTA parties are to meeting their timetables.” 

“U.S. truckers have complained that Mexico does not have sufficient numbers of multiservice truck 
stops available for international transporters…” 

“Mexican companies like Transportes Unido Mexicanos (TUM) have been purchasing new tractors 
to keep in key border cities, like Laredo, for use in both the U.S. and Mexico. TUM plans to go 
aggressively after freight bound for Texas.” 
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A final issue of importance to Mexico is that of the quality and availability of spare parts for power 
units. Application of the standardized parts BIN system relies on uniform quality control and parts 
availability on the part of suppliers. Both of these factors have been negatively affected by the 
downturn in the economy, and its effect on domestic suppliers. At the same time, the relaxation 
of import tariffs has allowed foreign companies to gain market share, with some concern being 
expressed (by domestic suppliers) regarding an increase in the availability of “imitation” parts of 
a lessor quality. The reality of this issue has not been established. However, it remains a concern 
to the Mexican transport industry. 

Trailer Units 

In Mexico, discussion regarding trailer dimensions continues, relating these to the design 
standards or classifications of the highway system. It appears that opposition to the longer, 53-
foot trailers will be overcome with time, even though this change will have a dramatic impact on 
the domestic trailer manufacturing industry. 

For Mexico, the most significant technological opportunities lie with reducing the tare weight (dead 
load) of the trailer units. It is common for trailers to weight up to 3,000 pounds more than their 
counterparts manufactured in the United States due to the use of steel, rather than aluminum, for 
side walls and roofs, and heavier (more sturdy) chassis. Weight reduction measures will need to 
be balanced with transport firm concerns over equipment fragility. 

Trailer braking systems, suspension, and anti-theft devices are additional areas undergoing 
technological innovation. In the latter instance, manufacturers are testing circuit-closing devices, 
brake-activation systems, and electronic tracking devices, among others, as there is great interest 
regarding anti-hijacking measures in Mexico. 

Trucking Fleet Replacement Issues 

Equipment operators naturally want newer, improved technology equipment that permits them to 
improve the efficiencies of their business and/or lower their expenses. Certain unique situations 
exist in Mexico that constrain the speed at which equipment can be replaced. 

The current cost of money (interest) in Mexico, after inflation, is 16 percent, compared to 5 to 6 
percent internationally and 3 to 5 percent in the United States. When these credit costs are 
combined with the depreciation schedules for capital equipment permitted under current tax code, 
it can be calculated that interest plus depreciation constitutes 45 percent of the annual cost of 
operating a new heavy truck. By way of comparison, in 1992, interest costs plus depreciation on 
a relatively new piece of equipment constituted 32 to 34 percent of annual operating costs. A rule 
of thumb in Mexico is that units can be replaced when interest plus depreciation represents no 
more than 25 to 30 percent of revenue. Beyond these limits, it is uneconomical to replace 
equipment. 

While it is true that drivers’ wages and tire expenses are less in Mexico than in the United States, 
fuel costs and general expenses for administration, legal, and interest are much higher. Thus, the 
overall cost of owning and operating heavy trucks in Mexico is on par with the United States. The 
cost of capital and depreciation factors, however, motivate fleet owners to retain their equipment 
for at least ten years, particularly as depreciation expenses are far less in the later years. In the 
United States, lower financing costs, flatter depreciation schedules, and better cost controls 
generally yield optimal financial performance from a younger fleet. These circumstances, 
therefore, yield significantly different fleet replacement strategies. In Mexico, the trucking 
companies' practice is to conserve their units so as to take advantage of reduced fixed annual 
expenses as the units age, even though some variable costs increase, such as maintenance and 
fuel expense. In the United States, the reverse practice is true. Use of the vehicles is greatest 
while they are new and variable costs are lowest. 
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As a consequence, Mexico’s trucking fleet is relatively older than that of the United States and it 
continues to age due to a general lack of capital for reinvestment. A market for second-hand U.S. 
vehicles in Mexico has, therefore, flourished due to the financing and depreciation schedules 
discussed above. 

For similar reasons; i.e., a shortage of capital and high interest rates, there exists a very low ratio 
of trailers to tractor units. Mexico’s national average in 1995 was 1.07 trailers per power unit, up 
from a ratio of 0.90 in 1990 (when trucking was deregulated in 1989), but the same as observed 
in 1980. The strong increase in exports, beginning in early 1995, caught Mexican trucking firms 
totally unprepared to accommodate the expanded volume of trade. As a consequence, the 
shortage of trailers has been met by U.S. trucking firms who now have an estimated 150,000 
trailer units in Mexico at any one time. 

This situation is undesirable for a number of parties. Mexico’s trailer manufacturers view this 
supply of transitory foreign trailers as eroding their markets for domestic sales. U.S. trucking firms 
view the need to supply trailers for both imports and exports as a subsidy for Mexican trucking 
firms. And the reduced physical control of equipment tends to increase float time and costs as 
trailers are diverted for mobile warehousing purposes. 

Despite the recent sharp increase in export trade, these equipment shortages did not materialize 
overnight. Prior to the deregulation of Mexico’s trucking industry in 1989, fixed-rate structures 
yielded artificially high price supports for public ("for hire”) transport firms. Private shippers 
responded by owning and operating their own truck fleets, which, in turn, limited demand for "for 
hire" trucking. While a significant portion of the private fleets were engaged in local distribution 
functions, they, never the less, constituted over 50 percent of the heavy-truck vehicle 
registrations. 

Since 1990, "for-hire" transport firms have become more competitive and have increased their 
proportion of heavy-vehicle registrations from 40.6 percent to 51.4 percent in just five years. This 
liberalization, plus an increase in import/export trade, helped to reestablish the manufacture of 
heavy-duty trucks in Mexico until 1994 and 1995—when the market collapsed. 

The relatively short resurgence in business (1990 to 1995) and the subsequent shortage of both 
demand and capital (1994 to present), has left the heavy-truck manufacturing sector at a 
competitive disadvantage, particularly with regard to keeping pace with new technology 
advances. 

To compound the situation, the legal importation of used trucks from the United States is further 
suppressing domestic production. The American market has constituted itself as a huge supplier 
of semi-new units whose average age is much less than the Mexican fleets. So a formidable 
motivation has arisen to export these units to willing buyers in Mexico. While entirely legal, these 
imports are weakening Mexico’s production capability to the point where the “pirate units” from 
the United States now represent an estimated 60 percent of new heavy vehicle registrations. 

Likewise, some estimates place the number of second-hand trailers in Mexico at 50,000—many 
of which may have been illegally introduced. The net effect of this thriving used tractor-trailer 
business is to suppress the market for new domestic productions in Mexico and to delay the 
matching of Mexico’s transport industry equipment with that of its U.S. and Canadian 
counterparts. This concern is somewhat offset by the strategic business alliances of U.S. and 
Mexico trucking companies which are discussed in the next chapter of this report. 

All in all, Mexico’s trucking industry is gradually modifying its historical tendencies to be more 
progressive. It is modernizing its fleet, albeit with second-hand U.S. equipment, and is thus 
becoming truly compatible for NAFTA cross-border transportation. 
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Cargo Handling Systems 

In addition to the above intermodal container design, railcar/locomotive, and trucking advances, 
significant strides are being made in handling cargo more efficiently. This section describes 
several currently available or under development technologies that may affect binational goods 
movement. 

Containerport and Containeryard 

The main bars to containeryard productivity are container flow and cycle time. To maintain 
efficiency, containeryards need to move containers rapidly without interrupting workflow. The key 
is to prevent bottlenecks, places where containers tend to pile up. Technologies to prevent that 
are computer simulations, robotics, precise positioning systems, vision systems, and electronic 
container tags. Electronic tags have been discussed in an earlier section; the rest follow. 

Computer Simulations 

Computer simulations can be used to find bottlenecks and congestion in the flow of traffic through 
a containeryard.
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 The Port Authorities of New York and New Jersey discovered that congestion 
at the yard gate was slowing container traffic through the port and came up with a solution to 
speed up traffic through the yard gate and therefore throughout the entire port. 

Traffic congestion outside of the containeryard can also be detected using simulations. A high-
level U.S. government study determined that congestion on the roads leading to containeryards 
and containerports creates a bottleneck.
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 Solutions include railroads leading directly into the 
containerport, and containeryards located outside of cities. In the meantime, better traffic controls 
can reduce bottlenecks outside containeryards. 

Precise Positioning Systems 

Container traffic within the containeryard is also important to cycle time and container flow. The 
ability to locate a container using an electronic container tag and a precise positioning system 
would speed up traffic flow immeasurably. 

Using Global Positioning Satellite (GPS) system and a container tag, a container’s location can 
be determined to within a few feet. The use of a technology called “differential GPS” narrows 
down a container's location to the point where it is useful in a containeryard. 

Container Crane Vision Systems 

Another potential bottleneck is container cranes, which must lift and move containers quickly. The 
job of a crane operator is made harder by high stack heights, nine boxes for empty containers 
and five boxes for loaded containers. The crane has to reach behind other stacks and retrieve 
boxes blind. The crane operator depends on self-positioning guides on the rack that latches onto 
the container's lifting points and luck to retrieve boxes that are out of his or her sight. An intelligent 
vision system can help position the rack when the box is out of sight, which would speed up crane 
operations. 

Robotics 

The use of robotics in containeryards is realized by Rotterdam's ECT Delta/Sea-Land terminal. 
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38 Landside Access to U.S. Ports, written by the Committee for Study on Landside Access to Ports, 

Transportation Research Board, National Research Council; published by the National Academy Press, Washington, 
D.C. (Spring 1993). 
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The fully automated terminal is the result of Rotterdam's goal of doubling or tripling the number 
of containers it handles within 10 to 15 years. The yard uses robotic shuttles, wheeled platforms 
guided by fiber optics imbedded in the road, and automated stacking cranes on tracks. The 
containers are unloaded by a manned dockside crane and then transferred to either the shuttles 
or the cranes. The containerport is overseen by a small human crew which monitors operations 
visually and remotely. The terminal uses 48 shuttles and 24 stacking cranes.
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To handle the fast-growing volume of intermodal freight in the U.S. border states, a number of 
containeryards and containerports are being built or enlarged. For example, in 1994 UP Railroad 
opened a $21 million containeryard in Lathrop, California. It features a gate video camera 
identification system and electronic scanning equipment. The new facility was designed to be able 
to move trucks through the yard in no more than 20 minutes each.
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BNSF’s intermodal Alliance Yard north of Fort Worth, Texas is another state-of-the-art container 
handling facility. UP plans to construct a major new “Inland Empire” facility in the Colton-Fontana 
area, east of Los Angeles, and to expand its facility south of San Antonio. 

Freight Transport Equipment 

In bulk-cargo transportation (coal, grain, ore, chemicals and other industrial liquids), technical 
innovations include self-unloading ships, as well as multi-railcar units and unit trains that can 
unload themselves (self-discharge) or which can be loaded and unloaded through a single point 
on the train. Loading points can employ continuous pipelines for liquid cargos, pneumatic airflows 
or continuous conveyors to move cargo from one car to another automatically.  

In addition, newly developed cargo-handling methods like pneumatic airflows can move low-
density, contamination-sensitive cargo like flour or yeast directly to the point of use (bakeries, 
food processors, etc.) without exposing it to the atmosphere. Such methods could be extended 
to "controlled atmosphere" shipments of specialty products. Likewise, very fine materials like 
powerplant fly ash (a material that often has high heavy-metal concentrations) can be moved 
without release to the atmosphere. Railroads have also developed secure tanks and other air- 
and water-tight containers for hauling industrial wastes, sludges, municipal solid waste and other 
high-tonnage hazardous materials. 

New Alternatives to Pallets and Drums 

For some cargos, the traditional pallet and drum are still used for handling and door-to-door 
shipment. However, they are being succeeded by what the industry calls "rigid and demountable 
intermediate bulk containers" (RIBCs) and "minitanks," respectively. These can employ 
aluminum, steel and roto- or blow-molded plastic and can be made in collapsible, demountable 
and "bag-in-box" variants. They can carry gases or cryogenic liquids, as well as bulk liquids, 
powders and hazardous liquids, gases or solids.
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Such mini-containers and mini-tanks are also attractive for moving hazardous chemicals. One 
company

42

 offers a family of "Eco-Pak" mini-containers that originated in a design for hauling low-
level nuclear wastes. Eco-Pak containers are double-walled for safety, provide 250 gallons of 

                                                
39 Good articles on robotic handling of containers include "Delta II—the Future is Now," by John Banks 

(discusses robotic containerport in Rotterdam), Cargo Systems (March 1993); and two articles—"Rotterdam's Robots" 
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Forever," both by Elizabeth Canna, American Shipper (April 1993). 
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41 Such containers were discussed at the International IBC Forum, Rotterdam (June 29-30, 1993.) 

42 Nuclear Containers Inc. of Elizabethton, Tennessee. 
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capacity, and take up less space than a standard pallet of four 55-gallon drums. The Eco-Pak can 
be stacked two high in a standard freight trailer or container.  

Productivity Improvements in Break-Bulk Cargos 

Productivity increases in cargo-handling have also been seen with other non-containerized or 
"break-bulk" cargos. For example, rolls of pulp paper are carried on special ships equipped with 
deck-mounted gantry cranes. These employ a large "spreader bar" with individual slings that can 
lift an entire row of pulp rolls and deposit it in the hold of a ship or on a dockside trailer.
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High-Capacity Self-Discharging Ships, Railcars 

Historically, many ships have been equipped with derricks, booms and winches for loading and 
unloading their cargo. This was adequate for relatively slow loading and discharging rates. 
Today's large containerships depend on dockside cranes for rapid loading and unloading. These 
cranes interface with smaller feeder cranes or with a small fleet of trucks that move containers to 
and from the dockside. 

However, such approaches do not work with bulk cargos that move most efficiently in a continuous 
flow. Movement of such cargos may employ deck-mounted cranes, large suction pipes or 
conveyor belts, and long booms that extend well outboard of the ship. These materials-handling 
systems have progressed to the point where heavy cargos like coal, stone, ore and sand can be 
routinely unloaded at hourly discharge rates exceeding 6,000 tons. Depending on the length of 
deck-mounted conveyor booms, these cargos can be deposited 100 feet or more from the side of 
the ship with no assistance from shoreside crews. (See Figure 11.8.) Such self-discharging is 
routinely used to restock dockside coal piles used by coal-burning utilities. 

                                                
43 "Star Shipping Company Is Featured Tonnage Performer in Savannah and Brunswick, Georgia Anchorage, 

First Quarter 1993. 
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Figure 11.8 Self-Discharging Ship 
(Photo Courtesy of WorldPort LA) 

 

 

 
Meanwhile, self-discharging railcars have an extensive history in the form of bottom-dumping coal 
and gravel gondolas. These require special dumping trestles or chutes and cannot independently 
discharge their cargos significant distances from the track right-of-way.  Productivity advances in 
this class of bottom-dumping railcars are exemplified by BNSF's articulated five-car "Trough 
Train," developed in mid-1991 with Bethlehem Steel's Freight Car division. The five-unit car offers 
more than 106 feet of uninterrupted cargo space with dual floor doors for unloading. By using 
overlapping steel side panels that slide within each other, "Trough Train" cars are able to negotiate 
curved sections of track.
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Like self-discharging ships, railcars can also use high-capacity "conveyor booms" that extend 
outward to discharge material away from the track. These "outboard" conveyors are fed material 
from separate conveyors integrated into the bottoms of railcars that can pass material from one 
car to another. This combination was originally developed by railroads for moving track ballast to 
roadbed-repair sites. However, it can be used for other heavy bulk cargos as well. 

As noted earlier, self-discharging railcars can also use pneumatic loading and unloading methods 
to discharge free-flowing chemical powders, fly ash or other low-density materials. Moreover, 
railcars can carry self-discharging containers, including the previously noted "walking floor" 
container, that can dump various materials. 

The payoff of such approaches is clear. Ships and railcars employing such rapid self-discharge 
methods for bulk cargos require no expensive terminals or shore-based material-handling 
equipment. The piles left by such methods can be handled with front-end loaders and other 

                                                
44The Trough Train is described in "Freight cars 1992: The quality process at work," Progressive Railroading's 

Car & Locomotive Yearbook, 1992-93, published by Murphy-Richter Publishing Company, Chicago, Illinois. 
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conventional equipment. 

Self-Loading/Unloading Containers (with “walking floors”) 

One remarkable technology that is applicable to containers and trailers for hauling bulk cargos, 
waste and palletized goods is "walking floors." This technology, patented by Keith Manufacturing 
Company of Madras, Oregon, employs hydraulically powered floor slats that slide back and forth 
along the length of the container or trailer. These moving floors can unload 25 tons from a 45-foot 
container or trailer in four minutes, avoiding the need to tilt the container or trailer for end-dumping. 
Walking floors can also "walk" a pallet from the rear of the trailer to the front—and vice versa. 
These containers and trailers can be top-loaded or loaded by means of balers, compactors or 
forklifts (walking floors are strong enough to withstand forklift operations). 

The range of cargo carried by walking-floor boxes is enormous: bagged refuse, carrots, beet pulp, 
beverages, palletized goods, chopped and baled hay, firewood, demolition debris, paper sludge, 
sawdust, paper rolls, grain, sewage sludge, whole tires, scrap metal, wood chips, baled waste 
paper, manure, lumber, ice, refuse-derived fuel, silage, ash, rock, cinders and many other 
materials.
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 In essence, the "walking floor" and other container designs greatly reduce the facility 
and equipment requirements, costs, manpower and operational complexities for loading and 
unloading containers. Figure 11.9 shows a walking floor. 

 

 

 

 

 (Photo courtesy of Keith Manufacturing Co.) 

Figure 11.9 Walking Floor 

                                                
45 Data taken from Keith Manufacturing Company brochure. Walking-floor containers used for cargos like 

manure, boiler ash and sewage sludge will probably be assigned full-time to those materials, rather than be used for 
multiple cargos. 
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Demountable Containers  

The demountable container is a European invention that has not yet caught on in North America, 
but which could provide the next step in container "user-friendliness" in North American markets. 
Demountable containers occupy the lower size range of intermodal boxes, being 20 to 25 feet in 
length. They are distinguished from conventional containers by their use of integral, air-powered 
lifting legs that can extend for loading onto small flatbed unit trucks in a manner analogous to that 
employed by American pickup trucks to load large slide-in campers.  

Thanks to the demountable container's "swap-body" design, a truck driver can load an elevated 
container by simply backing his truck underneath it and retracting the container's legs. This 
eliminates the need for expensive container-handling cranes, forklifts or front-end loaders. 
However, this attractive feature creates modest problems with tare weight and complexity. For 
example, demountables require a lifting mechanism (manual or powered) and (if using a powered 
lift) require some form of stored energy, such as compressed air. Alternatively, such stored energy 
could be provided by the truck. 

 

(Photo courtesy of Abel Demountable Systems, Ltd.) 

Figure 11.10 Demountable Container 
 

As seen by one leading British manufacturer,
46

 demountables are well suited for European cities 
that restrict weights on inner-city delivery trucks to 7.5 metric tons or less. They also reduce the 
need for "secondary warehousing" and extra handling on the outskirts of large cities. 

Demountables are small enough to meet the needs of single-end users (e.g., department stores); 
they can be stored in "swap-body" or demounted form at a depot until they are delivered to a final 
customer. Figure 11.10 shows such a system. 

By contrast, large containers carrying up to 30 tons of freight must go through a separate "break-
bulk" phase at a secondary depot or distribution center, where the container's freight is sorted out 
for multiple final destinations. The container's cost also makes it difficult to use as an interim 
storage method at a depot. According to the British manufacturer just cited, demountables thus 
permit "multi-trunking distribution" that is an interface between bulk (primary) distribution nodes 
and local (secondary) nodes. 

                                                
46 Abel Demountable Systems Ltd., Chesterfield, Derbyshire, U.K. 
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11.3.4 Technology Assimilation by Mexico’s Transport Industry 

The foregoing discussion of changes in transport related technologies focused on what is 
happening in the United States—as a barometer of what will eventually evolve within Mexico for 
accommodating binational trade. As the next chapter of this report will discuss, U.S.-Mexico 
business alliances and evolving business logistics are not yet having a dramatic impact on the 
pace of technological absorption by Mexico’s transport industries. However, change is occurring 
and may intensify as U.S.-Mexico partnerships gain acceptance within public and private 
leadership circles. 

In Mexico, both the marine shipping lines and overland transportation businesses are becoming 
aware of new movement, tracking and logistical technologies. Knowledge of these technologies 
is undoubtedly widespread since both shippers and transportation companies are very sensitive 
to advances being made in the United States. Everyone recognizes that these technologies may, 
some day, become an important competitive factor. For the time being however, they do not 
consider them to be a primary factor in either the productivity or profitability or their businesses 
as many of these technologies involve trade-offs of capital investment for labor savings. 

The sensitivity to technology and assimilation capacity will depend on several factors. 

• The mode and sophistication of freight transportation companies. The sensitivity to 
technology is greater for maritime, air, and courier services than for overland transporters. 
Rail transportation (FNM) is considered to be the least technologically advanced but is 
expected to modernize once privatized. 

• The size and sophistication of shippers, competition in domestic markets, and 
participation in global markets. Thus far, the demands of shippers for better service, even 
by subsidiaries of foreign corporations, have been insufficient to pressure Mexican 
transportation companies to invest in new technology. There is, however, consensus among 
transporters that these indifferences will change as foreign trading partners become more 
demanding and the influence of NAFTA becomes more widespread. 

 

Freight transportation firms, especially trucking companies, are facing significant challenges 
however, particularly since competition increased and rates were liberalized as a result of 
deregulating the trucking industry in 1989. These firms have administrative, operative and 
financial priorities; and they do not feel that they can afford investment in advanced technology 
(to improve productivity) given the cost of capital versus labor. Those firms that have made 
technology investments have found insufficient clients willing to pay for higher-quality service. 

Little by little, however, technology is creeping into the transport sector. A growing number of 
logistics specialists are aiding this transformation, through their efforts to speed up, coordinate, 
and improve shipment reliability. 

Overland transporters are placing foremost priority on upgrading their power units, and secondly 
their conveyances, i.e., trailers. They seek to match specialized equipment against special needs 
and to reduce tare weights (dead load) to increase equipment productivity and, therefore profits. 
Their third priority for technology advancement is information: communication, equipment, 
tracking, EDI, automatic equipment identification, etc. These priorities are generalized and do 
vary among companies and types of service provided. For example, information technology is 
starting to be used for less than truckload (LTL) shipments and by operators of private fleets (not 
for hire) who normally have superior logistics systems. 

For the most part, however, given their investment priorities, Mexican firms feel that much of the 
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technology currently being explored to speed up border crossings will be of little use as they will 
not be equipped to use it. 

Given this slow pace of technology absorption in Mexico, future north/south transport modal 
preferences and resulting cross border-congestion, will depend more on type and location of trade 
activity than technology assimilation. For this, we separate the analysis into market sectors as 
follows: type of commodity, maquiladora trade generated by the Mexican border states, 
maquiladora trade generated by non-border states, traditional trade involving large and frequent 
shippers, and traditional trade involving small or infrequent shippers. These market segments are 
individually discussed below. 

Type of Commodity 

The choice of transportation mode depends to a large extent on the type, value, and weight of the 
commodity being shipped, the distances involved and the proximity of the origin and destination 
to transportation resources. In U.S.-Mexico trade, rail and maritime modes are typically used for 
transporting high bulk, high weight, low value commodities such as grains and minerals. Shipping 
these commodities by truck over long distances is simply not cost-effective. 

Most of the remaining dry commodities can be shipped by truck, (intermodal) rail, or in many 
cases air freight. The selection of which mode to use depends on time, cost and quality of service, 
all of which can and do change over time. The application of technology which might affect 
transborder volumes and congestion is most relevant to dry, non-bulk commodities. 

Border State Maquiladora Trade 

Transport of this maquiladora freight involves three distinct legs of the journey: collection or 
distribution of the product at the maquiladora plant, crossing the border, and the longer distance 
transport of the product to its destination. 

For the collection/distribution of the product, the vast majority is transported by truck, rather than 
by rail, due to the greater availability of road networks to plant sites. The exception to this general 
rule is high bulk manufactured items such as automobile parts and finished assemblies. The 
transport technologies discussed in the previous section will not materially affect the efficiency or 
mode by which this collection/distribution function is accomplished except for improved truck fleet 
management and improved communications that facilitate just-in-time manufacturing schedules. 

For the border crossing component, the transport mode used to collect or distribute the cargo to 
the maquiladora plant is used to cross the border—hence no significant mode shift is anticipated 
for the cross border event. It is expected that the information technologies, customs inspection 
technologies, ITS applications and institutional changes (ultimately) will, when implemented, 
shorten unit processing times, which may in turn shorten crossing times. 

On the U.S. side of the border, the truck trailer will be exchanged or continue with the same tractor 
used to cross the border, or be transferred to intermodal rail, air or sea vessels. U.S. modal 
relationships are relatively mature, and stable from a technology standpoint for transportation to 
and from the border region. Truck, rail, air and maritime transport firms have all made significant 
investments to improve service quality and cost competitiveness. Modal shifts are occurring more 
from external forces than technology changes. These external forces include: 

• The availability of long-distance truck drivers and rising wages; 

• Authorization of “free flight” rules for air carriers; 

• Competitiveness of U.S. and Mexico manufacturers in global markets; 
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• Just-in-time manufacturing and inventory management processes; and 

• Product technological advances. 

Thus for border state maquiladora trade, we foresee little change in the modes used as a result 
of technology assimilation by Mexico’s transport industry.
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Maquiladora Trade Generated by Non-Border States 

Mexico’s transport industry has already assimilated some of the technological innovations 
discussed earlier by virtue of strategic alliances with U.S. transporters and the relationships 
between U.S. manufacturers and Mexico maquiladora plants. Many of these maquiladora plants 
are just-in-time affiliates of U.S.-sited factories or distribution centers. In essence, a significant 
fraction of U.S.-Mexico cross-border traffic is intra-corporate just-in-time (JIT) manufacturing 
using global sourcing and all relevant forms of freight technologies. 

Developments and trends in JIT are related to broader logistical questions that influence plant 
location. According to logistics specialists, rapid transportation access to markets is becoming 
more important as consumer interests change and product life cycles become shorter and less 
predictable. One expert believes that companies should reduce the time from final assembly to 
delivery by modifying their manufacturing and parts supply processes. Another argues that 
changing consumer needs and technical innovation have spurred quicker product turnover, 
heightening the importance of market access. As he sees it, the time dimension is now the primary 
criteria for plant and facility location decisions—in contrast to earlier corporate emphases on 
operating costs and availability of skilled workers being the most important location criteria.
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The State of North Carolina believes so strongly in the necessity of time advantage that it is 
developing a “Global TransPark,” an integrated air freight/manufacturing hub, in partnership with 
private investors. An economist involved with this project writes that “In the coming fast paced 
century, advances in transportation technology and infrastructure will drive location and 
production strategies of industry, as they did in previous economic eras. Costs and quality will be 
necessary, but no longer sufficient determinants of a manufacturer’s success. Speed to market 
will be increasingly pivotal. New ideas must be brought rapidly to commercialization and goods 
delivered quickly to distant markets as product half-lives become much shorter. In all cases, time-
based competition will intensify. Growing pressure to cut sourcing, production, and delivery cycle 
times will demand new multimodal infrastructures and logistical systems that create a seamless 
integration of all elements of the value chain, from raw material acquisition to production to 
finished goods delivery. Competitive success in this “era of speed” will be driven by rapid response 
with the fastest companies becoming the fittest.”
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It therefore appears that competitive necessity will drive manufacturers to seek (and demand) fast 
transport linkages between the United States and Mexico—or will locate plants elsewhere, such 
as along the border, where speed can be assured. Public and private sectors will most likely be 
motivated to insure rapid technology assimilation, particularly in the freight transport sector. The 
joint U.S.-Mexico maquiladora operations will likely be at the forefront of this technology 

                                                
47 A significant change could occur however in the number of commercial vehicles crossing the border as a 

result of institutional changes targeted at reducing the number of empty trailers. 

48 “Market Access’ Role in Location Selection,” by Charles K. Elliot, International Cargo, Spring 1993. 

49 “Transportation Infrastructure for Competitive Success in the Fast Century,” John D. Kasarda, 
Transportation Quarterly, Winter 1996. 
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revolution, pushing for rapid absorption of information technology and enhanced intermodal 
freight capabilities. 

Thanks to the numerous innovations in these sectors, Mexico should be able to acquire and 
deploy freight movement technologies that reduce upfront entry costs in equipment and facilities 
for both domestic and U.S.-Mexico trade. The cost of capital will greatly affect the speed at which 
this transformation occurs. 

Depending on Transportacion Ferroviaria Mexicana’s (TFM) and its American partner (Kansas 
City Southern’s) plan for upgrading Northeast Corridor rail service, intermodal rail may become a 
significant competitor to long-distance truck movements for non-border state maquiladora trade. 
The privatization of FNM assets is expected to trigger dramatic changes in international and rail 
traffic volumes and patterns for both non-border maquiladora trade and bulk commodity trade. 

Traditional Trade by Large or Frequent Shippers 

Research undertaken for this Binational Study indicates that large and/or frequent shippers have 
invested substantial sums of time and money to optimize the logistics of transporting their 
products to and across the border. They have negotiated their way through the maze of 
institutional regulations, processes and human factors that are encountered at the border. They 
continuously “shop” for the best transport rates and most reliable, and time efficient carriers, 
freight forwarders and customs brokers. They receive bulk discounts, preferred treatment, and 
expedited service as a result of their logistics investment. 

In the Task 3.1 report that described the commercial vehicle cross border flow process, we defined 
traditional trade as representing “those products that cross the border for consumption in the 
country of import. One primary characteristic of this trade flow is that the products are typically 
destined for locations within the interior of each country. Traditional trade transport typically 
involves more steps than the transport of maquiladora trade and the speed of movement is most 
often a function of logistical expertise.” 

Logistics covers a broad range of topics of which, for the purpose of this discussion, two elements 
of the chain are relevant: transportation and inventory warehousing. Selection of a physical 
distribution strategy for traditional trade largely determines the location of warehousing which in 
turn affects the selection of transportation mode. 

Many large and/or frequent shippers ship full container loads directly from their point of production 
to their importer’s warehouse without break bulk or modal transfer, except to exchange tractors 
at the border. Once at the importer’s warehouse, goods are stored as inventory awaiting 
wholesale or retail sale. 

Other large and/or frequent shippers ship full containers or less than truckloads (LTL) to the border 
region where loads are consolidated, broken, or held in inventory for shipment beyond the border 
to a retail outlet. This hub-and-spoke physical distribution method is prevalent in the United States 
and is now being used by many large retailers in Mexico, such as Wal-Mart. 

The relatively high cost and low-availability of warehouse space in Mexico has led to a significant 
investment in new space being added north of the border. These large, centralized storage points, 
located north of the border along east-west trade routes such as I-10, fit the distribution needs of 
both U.S. and Mexican shippers for both U.S. domestic and U.S.-Mexico international trade, 
particularly in Texas. They also provide greater opportunities for backhauls—thus maximizing 
transportation sector profits while keeping costs low. 

This collection of factors (warehouse location, domestic and international trade routes, backhauls, 
and economies of scale) have resulted in long distance truckload service being the preferred 
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mode for traditional trade. Customs inspection delays for non-unit intermodal trains, a record of 
generally poor service by FNM, and flexibility for inventory management—further solidifies the 
hold of trucking on traditional trade. 

These trends are unlikely to change over the next five years given the cost of capital for 
constructing new warehouse space in Mexico, reduced consumption in Mexico as a result of the 
peso devaluation, and customs inspection delays at the border for intermodal rail traffic. Thus 
technology enhancements will continue to favor truck transport for this market segment—
particularly given the rapid advance of information availability through the Internet, mobile 
communications, navigation and tracking, EDI, and automatic equipment identification. 

Traditional Trade Involving Small and Infrequent Shippers 

The points noted above for large and frequent shippers of traditional trade apply equally well or 
more so for small and/or infrequent shippers. We see the above noted information technology 
advances as greatly benefiting small and infrequent shippers once they begin using them. Use of 
the Internet in particular, coupled with a full deployment of NATAP will allow small players to both 
enter the U.S.-Mexico trade market and compete effectively with larger shipping and 
transportation firms. 

This infusion of small business, armed with information and confronted by transparent borders, 
could lead to an explosion of growth in binational trade and economic prosperity. Small business 
has accounted for most of the economic growth in the United States over the past decade. 

Small business, with smaller and less frequent shipments, will tend to use truck and air modes 
rather than intermodal rail. Thus the traditional trade market in total (frequent and infrequent, large 
and small shippers) will continue to be dominated by truck movements over the immediate and 
longer term future. 
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11.4 U.S.-Mexico Strategic Alliances and Changes in 
Business Logistics 

The North American Free Trade Agreement has resulted in profound changes in the arena of 
U.S.-Mexico shipping, and several firms have begun to position themselves for the benefits the 
agreement is expected to reap. As the North American market continues its integration, the trend 
will continue to be in the direction of longer north-south movements for products and greater 
volume moving along these routes.  

In the past, lack of time sensitivity, service and general logistics efficiencies for international 
shipping were tolerated, often due to a lack of a viable alternative. This is still true to a large 
degree for the small to medium sized shipper. While problem areas still exist to a great degree, 
the days of being unable to improve upon current shipping patterns for U.S.-Mexico shipping are 
gone. 

Competition continues to increase on a global level, resulting in the need for shippers to 
streamline their operations and reduce their costs. Transportation and logistics providers are 
meeting the needs of the market by enhancing their service offerings and enabling shippers to 
improve their overall efficiencies. This is evidenced when observing the past view of the 
effectiveness of logistics in international shipping as having minimal impact compared to new 
strategies that companies are incorporating. These include state-of-the-art technology and 
delivery windows calculated in terms of minutes compared to days or weeks in the past. 

The December 1994 peso devaluation, while damaging the country’s currency, resulted in an 
increased demand for Mexican production labor. The Mexican interior already is realizing growth 
as a result of this push. Transportation and logistics providers and shippers are all maneuvering 
their modal arrangements and service offerings/requirements to maximize the realizable benefits. 
The result: more effective long-term planning and more efficient management of shippers' short-
term needs in the areas of logistics and transportation management. These efforts have been 
aided by lower cost and more available technology, plus Mexican infrastructure privatization, 
development, and the creation of a more agreeable regulatory environment. 

While several advances are being made in the business logistics arena for U.S.-Mexico shipping, 
it must be emphasized that many, if not most, of these improvements are only being realized by 
the top five percent of shippers operating in the U.S.-Mexico market. These shippers represent 
the major multinational corporations (MNC), which have the economic clout and product volumes 
to support the necessary investments to improve their in-country operations. In addition, these 
MNC´s wield the political clout necessary to cut through quagmires in order to implement 
equipment or service arrangements necessary to realize their desired improvements. 

The small- to mid-sized shippers within the country are still several years away from experiencing 
most, if any, of these emerging logistics benefits due to a lack of capital. As we will see, the market 
is evolving, and benefits are being realized. However, it is important to remember that these 
benefits are aiding a limited number of shippers, and are several years away from causing a total 
market revolution. 

With that distinction made, this chapter will explore several of the changes taking place in U.S.-
Mexico business logistics, what their drivers are, their effects on different sectors of the market, 
and how providers are positioning themselves through investments and alliances to capture 
market share in an evolving, still primitive shipping environment. 
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11.4.1 Warehousing and Distribution 

In many areas of the world, the traditional concept of warehousing, which emphasizes long-term 
storage in multiple facilities, is becoming a thing of the past. Mexico is no exception to this rule, 
though the country’s warehousing capabilities are still quite limited. Shippers are reaching farther 
into Mexico’s interior everyday, resulting in an increased need for warehousing capabilities within 
Mexico to handle these increasing volumes. Storage space and distribution hubs, however, are 
still in short supply within Mexico which inhibits the shippers' ability to effectively move and store 
product. Mexico’s storage capacity is estimated to be roughly two million square meters, and is 
experiencing a storage capacity shortage estimated to be around three million square meters. In 
addition, Mexico still suffers from a high level of market concentration for providers of warehousing 
space, with the ten largest warehousing firms in the country controlling roughly 90 percent of 
Mexico’s available space. 

Though the market is still primitive, many transborder shippers have begun to demand more fluid 
transfer of materials and lessened materials holding time, which is represented by the developing 
concept of distribution centers within both Mexico and the southwestern states of the United 
States, most notably Texas. This concept, also known as the “hub-and-spoke” style of distribution, 
allows for several clients located over a large geographic area to be served by one centralized 
distribution/warehouse facility which results in improved economies of scale for warehousing 
space and technology used by the shipper communally, saving on the investment costs of 
developing the space and technology capability themselves.  

Many U.S. firms are placing the proximity of their Mexican-dedicated distribution centers closer 
to the border in such locations as the Dallas-Ft. Worth Metroplex, which contains an estimated 27 
million square meters of warehousing space, and in the Houston area which offers 22 million 
square meters of warehousing space. In addition, many large scale individual companies, such 
as Sam’s Club and Goodyear, are effectively managing their distribution efforts for Mexico’s 
interior though their own privately managed distribution centers.  

In addition, the Mexican government is attempting to stimulate private investment in this sector 
by granting concessions for ferropuertos to overcome Mexico’s lack of warehousing space and 
capabilities. Ferropuertos are warehouse/distribution facilities for which the Mexican government 
grants an exclusive distribution area of 400 square kilometers. The first of these centers is located 
in Torreon, Coahuila. The ferropuerto centers are to offer convenient access to rail linkages, 
cross-dock, warehousing, container storage and bulk commodity silos. The pace of ferropuerto 
development has been constrained by the lack of public-/private-sector partnering arrangements 
with the FNM, but it is hoped that privatization of the rail lines will overcome this constraint. 

11.4.2 Technology 

Present day shipping trends involve complete coordination of the production and supply chains 
with a transportation network which responds dynamically to changing production schedules, 
strategies and other internal and external factors. The key player in this arena is technology which 
serves as the glue holding the whole system together, and upon which all elements are 
dependent. 

Mexico has made major technology infrastructure investments over the last few years to position 
itself for the electronic revolution now sweeping the globe. The Morelos II satellite system has 
been activated, allowing for increased satellite positioning and cellular communication 
capabilities. Over 50 of Mexico’s larger population centers have been tied together by a fiber optic 
network allowing for high-volume data transfer to even the more remote regions of the country. 
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Transportation and logistics providers are also revolutionizing the market by investing in 
technology which is allowing their clients to realize efficiencies never seen before in their 
international shipping. In-vehicle navigation systems are allowing drivers to avoid hazards and 
travel the direct route to their destination points. Two-way communications systems between 
dispatcher and driver are providing up-to-the-minute information on vehicle location and 
equipment status for in-transit logistics management. On the border, Automatic Equipment 
Identification (AEI) and Electronic Data Interchange (EDI) are allowing for easier and more 
efficient compliance with regulatory requirements and vehicle/content identification which results 
in smoother customs clearance. Technology is likewise helping to deter crime, especially for 
shippers moving via truck. Stolen vehicles that can be tracked by satellite are resulting in salvaged 
merchandise and incarceration of thieves. 

Technology is available, and its use is on the rise in the transborder shipping market. Its use is 
still cost prohibitive to the majority of Mexican shippers, but time and increasing demand will 
eventually lower the usage costs for these technologies and bringing their benefits more into the 
reach of the smaller shipper in addition to those larger organizations currently enjoying 
technology’s benefits. 

11.4.3 Privatization 

One element that will be dramatically affecting U.S.-Mexico business logistics in the near future 
is the effect that the recent privatization of the Mexican railway will have on other competing 
modes. As Figure 11.11 illustrates, the U.S.-Mexico transportation arena is currently dominated 
by truckload carriers, who generally offer more timely and reliable service to shippers, though at 
a higher price than other modes excluding air. 

In the past, shippers moving products into and out of Mexico were not able to realize truly efficient 
movements given the lack of technological and physical infrastructure present within Mexico. With 
the advent of NAFTA and the recently initiated privatization of Mexico’s railways, all these issues 
are changing. Companies are beginning to anticipate and actually realize improvements in every 
aspect of transborder logistics, from technology which allows for real time tracking and tracing of 
shipments en route to the ability for manufacturers and retailers to participate in automatic 
inventory replenishment via direct link with suppliers. 

For trucks, the increase in rail efficiencies will trigger a rise in competition that ultimately may 
result in lower rates for truck shipments and increased service offerings. The shipping community 
is receptive to different alternatives, as seen in Figure 11.12, and privatization of the Mexican 
railways will be a major factor contributing to increased competition, and ultimately service. 

Trucking's share of the overall marketplace is expected to continue to be strong, especially with 
continued deregulation which will enhance the ability to offer more flexible routing and scheduling 
within the Mexican interior and across the border. The benefits of door-to-door service will likewise 
be enhanced as technology service enhancements become more prevalent. While an increase in 
competition is imminent from within their own industry and from other modal options with Mexico’s 
privatization, truck will continue to be the mode of choice for those shippers who are willing to pay 
a premium for time-sensitive, highly visible movements and door-to-door service. 

The modes that will threaten the current truck domination of the marketplace are conventional, 
and especially intermodal, rail. Intermodal’s current lack of presence in the Mexican marketplace 
is demonstrated in Figure 11.11 by the low percentage of usage as compared to other competing 
modes. This has primarily been due to a lack of supporting infrastructure such as intermodal 
terminals to support usage of this mode, and the resulting equipment container shortages within 
the market. 
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Figure 11.11 Modal Usage as a Percent of Total Bills of Lading to the United States 
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Figure 11.12 Receptivity to Switching Mode if a Less Expensive Mode Were to Improve 
Performance Slightly 

 

Source: Kingsley Group 1996 U.S.-Mexico Transborder Logistics Study 
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finally, round trip (backhaul) load management planning will need to be enacted by shippers in 
order to ensure efficient transport economies in the form of lower round trip rates. 

11.4.4 Third Party Providers 

Logistics costs continue to be a major factor in the North American economy, and are estimated 
to amount to more than 11 percent of total gross domestic product for the United States. In 
addition, logistics costs typically amount to between 10 and 35 percent of gross company sales. 
The bottom line is that effective logistics management is key to any company’s potential 
profitability and growth. 

Where in the past logistics costs tended to not be at the forefront of a shipper’s savings agenda, 
this area is now one of the principal drivers in a company’s ability to compete in the marketplace. 

One way companies are enabling the improvement of their operations is by outsourcing some or 
all of their logistics functions to third party providers who can provide advanced expertise for a 
much lower cost than developing capabilities internally. 

Typical areas that companies are outsourcing include inventory management, warehousing, 
transportation, and information processing. Specifically, companies are more frequently looking 
to outsource specific functions such as truck/intermodal brokering, freight auditing and payment, 
product consolidation, and even strategic market planning, research and development. 

Third party providers are often contracted to do one task, other times they take over a company’s 
entire logistics function via full-scale strategic alliance. In this scenario, the third party provider 
designs, implements and manages the client’s entire logistics system which allows the company 
to focus on its production and monitoring customer service. 

Third party logistics providers are highly competitive and offer a varied menu of bundled or 
individual services to meet a myriad of shipper needs. Companies operating as third party 
providers vary, and include total logistics providers, small package shippers, intermodal and 
steamship companies, warehousing and packaging companies, technology specialists and 
general consultants. 

One of the major dedicated contract logistics providers currently operating in the Mexican market 
is DCS Logistics, a joint venture between TMM and J.B. Hunt. Logistica, as the company is also 
known, leverages the in-country resources that TMM provides with Hunt´s technology capabilities 
to meet the logistics service needs of such companies as Grupo Cifra, Mexico’s largest retailer. 
In addition, Logistica is providing fleet management and distribution services for Wal-Mart and 
Sam´s Club on the Mexican side of the border. Their use of such technological tools as automated 
routing and route planning software makes the company one of the highest profile participants in 
the market offering insider expertise and state-of-the-art technology. 

Other prominent third parties are also establishing presence in Mexico’s new and rapidly 
developing market. These third-party providers include Ryder Logistics, Exel, U.S.CO, CTI, GATX 
Logistics, Hub Group, Mark VII, and APL, all of whom are offering specialized services for their 
clients. Again, their focus is on the larger, more sophisticated shippers operating in the 
marketplace, but their long-term goals include the small- to mid-sized Mexican shipper who will 
be developing a need for their services over the next 5 to 10 years. 

The present day functions where these third-party providers are concentrating to meet immediate 
demand include product distribution, cross docking and inventory management. Future growth 
areas will involve more intermodal, and total transportation management, which will allow for more 
effective positioning of assets in the market for back haul and will minimize deadheading loads 
and improve round trip transportation efficiencies. 
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11.4.5 The Broker and Forwarding Community 

Mexico’s changing border environment, and the influence of the technologies previously 
mentioned, are having profound effects on the once-impenetrable Mexican broker-forwarder 
community. Though the logistics involved with crossing the border are still fragmented, revised 
border processes are allowing for quicker transfer times and less stoppage. These improvements, 
combined with the advancements in technology to facilitate crossings, are forcing brokers and 
forwarders to begin to diversify their presence and service offerings or go out of business. 

The result has been a move toward product diversification by some of the larger broker-forwarders 
operating on the border. Some are moving in the direction of acquiring truck fleets to begin offering 
complete broker and transportation services to clients on the Mexican side of the border. Others 
are enhancing their current operations by developing additional value added services offered to 
their clients for better product handling and cross docking. The goal is to meet the demand for 
quicker border crossing and better inventory management at lower costs. The result has been 
increased competition at the border. 

While these changes are threatening the brokers and forwarders at the border, crisis affords 
opportunity. For the shipper, the opportunity for enhanced value added services at the border will 
continue to evolve, allowing for more fluid movement of products over the border. For the service 
providers, new focuses will result in opening different market areas with present and future clients 
in areas not realized before. 

11.4.6 Transportation Alliances 

Alliances in Mexico are occurring in several areas. One involves limited alliances between third 
party providers and shippers who are outsourcing logistics functions which was previously 
described. Alliances are also being realized within and between service providers in an attempt 
to overcome some difficult transportation issues and expand market penetration on both sides of 
the border. 

One such issue involves the lack of equipment availability within Mexico. Before the peso 
devaluation in December 1994, the equipment shortage existed, but was considerably more 
manageable. On average, more trucks were moving southbound into Mexico compared with 
truckloads moving north. Mexican shippers relied on the extra equipment from the southbound 
move for carrying their product north to the United States. 

This advantage was crushed by the December 1994 peso devaluation. Post devaluation 
southbound truckloads were severely diminished, thus eliminating any possibility for equipment 
to handle a northbound movement. In addition, crime increased, raising security concerns. 

In response to the need for increased security, and to maintain effective transportation 
economies, third party transportation managers began to preschedule northbound movements 
before shipping any equipment south. As a result, availability of any non-assigned assets in the 
Mexican market for northbound or domestic traffic was eliminated. 
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Source: The Kingsley Group, 1996 

Figure 11.13 Key Factors That Would Trigger a Modal Switch 
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Subsequent to the Foreign Investment Law and prior to the enactment of NAFTA, Schneider 
National and M.S. Carriers applied for and secured permission to create their own motor carrier 
enterprises in Mexico; with the intention of handling both domestic and international trade. The 
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50 U.S.-Mexico Transborder Logistics Study, Kingsley Group, 1996. 

51 Three years after NAFTA’s 1993 ratification, U.S. companies can own 49% of Mexican trucking companies. 
Mexican companies can also own a non-controlling interest in U.S. motor carriers. Seven years after ratification, 51% 
ownership is permitted and after 10 years, 100% ownership is allowed. 
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denied CANACAR's request to revoke these licenses, they did commit (in 1996) to suspend 
further purchase authorizations of majority stakes in Mexican enterprises. 

Several other successful truck alliances do exist however and are resulting in better service for 
their customers. One such success story is Hunt de Mexico, an alliance between TMM and J.B. 
Hunt. Hunt had originally entered the Mexican market in 1989 to begin offering door-to-door cross-
border trucking service with a concentration on the maquiladora zone along the El Paso/Ciudad 
Juárez border. While experiencing initial success, J.B. Hunt was intent on further expansion into 
the Mexican interior, a strategy that their original partner, Fletes Soleto, was not comfortable with. 

To meet their market goals, J.B. Hunt then entered into a joint venture agreement with TMM in 
1992 to form Hunt de Mexico. This new venture, leveraging TMM’s rail and maritime strengths 
with Hunt´s truck experience, could now offer complete door-to-door service to clients across all 
modes and throughout Mexico. 

This venture has also allowed for significant information technology investments to take place 
within Mexico. The TMM-Hunt operations provide computerized dispatch, payroll functions, formal 
training and management of fuel accounts, all via Spanish language interfaces. In addition, their 
fleet features satellite tracking capabilities within Mexico and TMM-Hunt has developed a 
specialized routing software program for the country. 

Other successful relationships include the M.S. Carriers merger with Transportes Easo (noted 
above), which has allowed for a significant equipment investment in Mexico; and Yellow Freight’s 
LTL exclusive arrangement with Transportes Sierra for international and domestic service. This 
alliance has resulted in more than $25 million (U.S.) in profits, and an estimated 25 percent annual 
growth rate for Yellow Freight de Mexico. 

Intermodal and rail alliances continue to develop as well, with recent privatization of the main 
Laredo to Veracruz rail line going to an alliance between Kansas City Southern Industries (KCS) 
and Transportacion Maritima Mexicana S.A. de C.V. (TMM). This partnership and its subsequent 
bid for FNM's northeastern rail lines was a marriage both of necessity and of opportunity. TMM 
had purchased a short line railroad in 1982 known as the Texas Mexican Railway Company (Tex 
Mex). Tex Mex links Laredo/Nuevo Laredo with the deepwater marine port at Corpus Christi, 
Texas, a distance of some 160 miles. According to its President and CEO, Larry Fields, business 
fell off sharply after the peso devaluation and its future was threatened by the impending merger 
between the UP and SP Railroads. 

With some well-placed pressure from the Texas Railroad Commission—a vocal opponent of the 
UP-SP merger—the Surface Transportation Board awarded trackage rights to Tex Mex on UP's 
lines between Corpus Christi and Beaumont, Texas, as a condition of merger.52  

This connection conveniently ties to KCS' southwestern terminus at Beaumont (and Port Arthur) 
which in turn provides connecting rail service to the midwest and eastern sections of the United 
States. Thus, both TMM (through Tex Mex) and KCS felt squeezed by the mega railroad mergers 
within the United States; and their alliance and subsequent winning bid for the FNM northeastern 
lines was a means to insure survival and increase binational trade market share. In forming their 
partnership, KCS acquired a 49 percent interest in Tex Mex from TMN. 

KLLM, a large temperature-controlled refrigerated trailer (reefers) carrier has entered into an 
agreement with CN North America to provide fresh produce to Canada from Mexico, California 
and the Gulf Coast with processed foods moving south. The reefers move via the Mexican Gulf 
Line between Veracruz, Tuxpan, and Gulfport, Mississippi; but backhaul demand has been slow 

                                                
52 Railway Age, March 1997. 
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due to the peso devaluation. American President Lines (APL) has also established a significant 
presence in the Mexican marketplace, and is managing intermodal shipments in several regions 
throughout Mexico. 

In maritime shipping, companies such as Alliance Shippers are opening offices in Mexican areas 
such as Tampico and Veracruz. APL is likewise handling container movements to and from Asia 
via the Pacific ports of Manzanillo and Lazaro Cardenas in alliance with TMM. This has improved 
service, increased volumes, and allowed for smoother customs clearance at the ports, ultimately 
resulting in better, more cost-effective container movement to the Mexican interior. Other TMM 
shipping alliances include APL for shipments to the east coast of the United States, Hapag Lloyed 
for northern Europe, and with Ivarán-Compañia for South America and southern Europe. 

11.4.7 Complex Intermodal Arrangements 

The constantly changing face of strategic alliances and business logistics associates substantial 
risk with capital-intensive and/or complex intermodal arrangements. 

The U.S. western railroad mergers of UP with SP and BN with ATSF have significantly altered rail 
access arrangements to and across the border. Prior to the BN-SF merger for instance, BN 
pursued a rail-barge-rail operation, with a barge link between Galveston and Coatzacoalcos, as 
a means to gain direct access to Mexico's markets. BN hoped to avoid costly interchange 
arrangements with the U.S. railroads controlling access to the border and to avoid lengthy delays 
at the border for customs inspections. Three years later, the merger of BN with ATSF solved BN's 
access problems, rendering its rail-barge-rail scheme unnecessary (after it had failed due to its 
own inefficiencies). 

Privatization of the FNM rail lines may further adjust historical logistics arrangements. 
Transportacion Ferroviaria Mexicana (TFM), the consortium of KSC and TMM who together own 
Tex Mex, hope to create "The NAFTA Railroad." They have announced the creation of an "Aztec 
Wind" service from Chicago to Mexico City and hope to attract a significant market share of U.S. 
midwest freight being hauled to Mexico. Independent analysts believe that this service will take 
some time to consolidate, however, perhaps as long as six years. 

In the meantime, the privatization of the FNM North Pacific lines will be bid and become 
operational. The winners of this concession could change binational rail freight patterns quite 
dramatically, depending on who they are. While historically, the Northeast lines captured a 
majority (67 percent) of the tonnage crossing the U.S. border by rail, it should be noted that 82 
percent of the cross-border rail tonnage originated in the United States; and this freight arrived at 
the border via UP(SP) and (BN)SF.53 

A successful UP, BNSF, or joint UP/BNSF bid for the North Pacific Railroad lines could therefore 
significantly shift traffic away from the TFM trackage, should such an alliance become reality. 

Other possibilities affecting future cross-border intermodal and all-rail traffic arise from the 
pending mergers of CSX Transportation, Inc. (CSX) and Norfolk Southern Corporation (NS) with 
the Consolidated Rail Corporation (CR or Conrail); and future mergers and consolidations of these 
mega railroads with smaller Class I railroads in the United States such as KCS. 

                                                
53 These percentages relate to 1994 statistics presented in the Task 2, Inventory of Existing and Projected 

Binational Border Transport Facilities report. 
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11.4.8 Conclusion 

In the past, companies paid little attention to the segmentation of their operations. Physical 
distribution and warehousing of a product often had little interaction with the division responsible 
for inventory management and replenishment. Information systems, if utilized at all, were 
fragmented and ineffective, with little to no communication between operating units internal to a 
company. Transportation providers handling product were not coordinated with production 
schedules. Inventory shortages, stock outs and obsolescence were more common than not, and 
all effected both shippers and provider’s balance sheets. 

The days of disjointed coordination are over. The connection is becoming much stronger between 
technology and the physical processes vital to product movement. Today, a company cannot 
realistically operate without complete coordination between its different logistics functions and 
remain competitive in a fierce and unforgiving global market. 

In observing the advancements underway within Mexico, one sees a market already positioning 
to meet the stringent demands of its producers operating at a global level while laying the longer-
term groundwork necessary to elevate even the most common shippers to higher logistical 
standards and procedures. Though this complete market revolution is several years in the future, 
the seeds for its success have been sown, and are exemplified in the examples of services and 
alliances already taking place. 

Privatization, technology, increased opportunities to save on shipping time and costs via third 
party outsourcing, and an increasingly more knowledgeable and capable shipping population are 
all keys to the continued development of Mexico’s logistics arena. The future, while a difficult one, 
can be viewed optimistically, for just as a mid-1980s home computer would be seen today as a 
technology dinosaur, so will the participants in Mexico’s logistics marketplace view the present 
day in the year 2007. 

President Zedillo of Mexico and his predecessor, Carlos Salinas, view the modernization of freight 
services as a priority. Both have sought to open Mexico's markets and its transport services to 
foreign investment and technology. As a direct consequence, carriers are becoming more 
competent and more competitive. Freight transportation modes are beginning to serve their most 
logical and productive markets, less constrained by artificial price supports and regulatory 
controls. 

Ultimately, rail will likely regain some of the market share lost to motor carriers over the past 
decade as a result of poor quality rail service and the broker and customs inspection obstacles 
placed in its path along the border. This transformation will take time however, perhaps as long 
as five to ten years. 

Rail service will continue to face stiff competition from motor carriers, however. The trucking 
industry in Mexico is beginning to stabilize, following its deregulation and the peso devaluation. 
Shippers are beginning to demand higher quality and more cost-competitive service, and these 
customers are in turn driving carriers to improve their business practices. Alliances between U.S. 
and Mexican firms are proving their worth and NAFTA's timelines governing foreign investment 
are marching forward. Mexico's motor carriers are beginning to recognize the need to modernize 
in order to remain in business. 

Thus, with confidence it can be forecast that higher quality service, by all modes, will appear over 
the coming months and years. Higher trade volumes (Chapter 11.6), more transport competition, 
and improved infrastructure (Task 6, "U.S. and Mexico Public and Private Investment Programs 
and Strategies" report) will ultimately enable Mexico's carriers to match the quality of service 
currently being offered in the United States. 
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11.5 Progress of Binational Working Groups 

Future U.S.-Mexico trade and passenger flows will be impacted by the degree to which population 
and employment increases can be supported by physical and social infrastructure along the 
border. 

This chapter reports on the progress of binational groups that are working to resolve energy, 
environmental, housing, and transportation challenges along the U.S.-Mexico border. While these 
challenges are many, significant effort is being devoted to identify and address needs and to 
develop a framework and supporting mechanisms for undertaking coordinated project planning 
and implementation. 

Much of the text for this chapter is drawn from the Final Report of the U.S.-Mexico Border 
Infrastructure Conference, "Building the Border Infrastructure of Tomorrow."54 Please see the 
Task 4, "Transportation Planning and Programming Processes" reports for specific information 
on binational transportation working groups and their activities. 

11.5.1 Introduction55 

The U.S.-Mexico Border Infrastructure Conference, held on August 4 through 6, 1996, in San 
Antonio, Texas, was jointly sponsored by the U.S. Department of Commerce and the Mexican 
Secretariat of Commerce and Industrial Development. It was the second public-/private-sector 
leadership conference sponsored by the two cabinet level federal agencies. The first was held in 
July 1993, just prior to the passage of the North American Free Trade Agreement (NAFTA). Both 
conferences were premised on the economic importance of the border region to Mexico and the 
United States. Both conferences were also based on the shared commitments of each country to 
improving the quality of life of border residents. 

The first San Antonio conference set out a series of goals concerning border infrastructure 
investment in four key sectors: energy, environment, transportation and housing. The second 
conference defined strategies to move border infrastructure projects forward in an efficient and 
equitable manner, based on a review of progress and problems in meeting the goals set at the 
1993 meeting. 

Over 500 senior business, government, non-profit group and academic leaders from the United 
States and Mexico responded to the invitation of the U.S. Secretary of Commerce and the 
Mexican Secretary of Commerce and Industrial Development to participate in the August 1996 
conference in San Antonio. The proceedings of the conference, summarized here, provide a 
comprehensive overview of the progress of binational groups that are working to address border 
infrastructure needs beyond those directly involving transportation. 

11.5.2 Progress Since 199356 

Despite the constraints posed by the economy, conference participants reported that much work 
has been done since 1993 to meet the infrastructure needs of the border region. 

                                                
54 Building the Border Infrastructure of Tomorrow, U.S. Department of Commerce and the Secretaria De 

Comercio y Formenta Industrial (SECOFI), 75 pages, December 1996. 

55 Ibid, p. 9. 

56 Ibid, pp. 12-15. 
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Projects Are Underway 

A number of large and important projects have secured financing and construction is underway. 
Two examples are the Samalayuca II thermoelectric project in Chihuahua, Mexico, a gas-fired 
cogeneration electric plant in Altamira, Mexico, and the San Diego South Bay International 
Wastewater Treatment Plant. These projects have value in and of themselves. Some provide 
energy. Some improve the environment. Some facilitate the movement of people or goods, etc. 
They also have additional "learning" benefits. They have established precedents for how projects 
can be structured successfully. They have taught participants on both sides of the border how to 
"package projects" and integrate planning, financing, management, and development strategies.  

Other infrastructure initiatives have been taken since 1993. They range from collaborative 
planning efforts between communities and citizens on both sides of the border (e.g., San 
Diego/Tijuana) to joint and separate efforts by U.S. and Mexican government agencies to foster 
improved environmental policies and regulations, more effective planning and more efficient as 
well as equitable programs. The U.S. Secretary of Housing and Urban Development described 
several unique public-/private-sector partnerships that have formed to rehabilitate old housing 
and develop new housing. The Secretary also described innovative efforts to convert existing 
public housing into cooperative or community ownership. Similarly, the Secretary called attention 
to several important public-/private-sector partnerships, some involving the maquiladoras, and a 
number of privatization initiatives that have been developed to respond to specific environmental, 
energy and transportation infrastructure priorities.  

Reforms in Law and Administration 

Several legal, regulatory and administrative changes have occurred since 1993. These changes 
have been designed to improve economic efficiency, increase transparency, and level the playing 
field. Over time, they will increase private-sector involvement in the development, financing and 
operation of border infrastructure. They include, but are not limited to: legal and administrative 
changes creating "non-bank banks" for housing mortgage purposes in Mexico; expansion of state 
revolving funds for infrastructure in the United States; creation of more efficient laws concerning 
foreclosure and lien recordings in Mexico; reform of concession guidelines in Mexico to place less 
emphasis on time and more on fee structure; decentralization of environmental enforcement and 
the movement from a command and control system of regulations to incentives in both Mexico 
and the United States. 

New Institutions are in Place  

New institutions have been put in place to foster the development of infrastructure. Most notable 
are the North American Development Bank (NADBank) and the Border Environment Cooperation 
Commission (BECC), both of which were created within the framework of NAFTA. NADBank 
provides financial support to BECC certified projects and BECC facilitates community involvement 
in planning border infrastructure projects. BECC also certifies the eligibility of environmental 
projects for NADBank funding. The NADBank can lend for water, wastewater and municipal solid 
waste projects that have been certified by the BECC within a 100-kilometer band north and south 
of the border. NADBank has also begun to play a role in the planning and development of projects. 
The Bank encourages communities to engage in long-term planning and requires that projects fit 
into a master plan for the community’s utility system. Wastewater facilities must be carried out in 
coordination with the area's potable water supply development and distribution. 

NADBank is fully capitalized by both the U.S. and Mexican governments. The Bank has $225 
million in paid-in capital and $1.275 billion in callable capital for a total of $1.5 billion (U.S.). 
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Eventually, NADBank will have up to $3 billion. The Bank recently announced the financing of its 
first four projects. Two projects are located on the Mexican side of the border and two on the U.S. 
side. 

BECC assists communities through its technical assistance program in preparing and 
implementing border infrastructure projects. It fosters the development of consensus concerning 
project priorities. Like NADBank, its focus is water, wastewater and municipal solid waste projects. 
BECC must certify that relevant eligibility criteria have been met by proposed border infrastructure 
projects before they can secure NADBank financing. As of November 1996, the BECC had 
certified 12 infrastructure projects with an estimated value of $90 million. Sixty additional projects 
are awaiting BECC review and certification. 

Other Infrastructure Initiatives 

According to conference participants, while progress has been slow because of economic 
difficulties on both sides of the border, new partnerships have been formed between U.S. and 
Mexican private-sector firms to build border infrastructure. Further, Mexico is now again open for 
business. Investors are again looking at opportunities in Mexico, and BANOBRAS' new FINFRA-
venture capital and subordinated loan program. may allow U.S. and Mexican firms new options 
to finance border infrastructure needs. 

Government-to-government and community-to-community linkages have also been formed 
recently. The San Diego Dialogue, a joint effort between Tijuana and San Diego leaders to forge 
a common metropolitan agenda linking the two cities, the Paso Del Norte Air Quality Management 
Basin effort and the cross-border alliance between Mexicali and Imperial County are examples of 
progress in building joint planning and development efforts by cross-border communities. 

The U.S. and Mexican governments, through their respective environmental and other agencies, 
have created Border XXI, a bilateral, cooperative initiative. It focuses on shared goals concerning 
sustainable development, particularly development that enhances the quality of life of border 
residents while enhancing the area's environment and natural resources. Similarly, a joint working 
committee on transportation planning has been formed to develop a coordinated binational 
infrastructure planning and programming process for the border region. The Committee involves 
both the U.S. Department of Transportation and SCT and the border state departments of 
transportation as well as the U.S. Department of State and the Mexican Secreteria of Foreign 
Relations (SRE). 

11.5.3 Impediments to Infrastructure Development57 

Several impediments are felt to exist. These include institutional arrangements and political 
processes, inadequacies in the legal or regulatory framework, difficulties in accessing capital, and 
problems in building joint cross-border relationships. Among key problems are: 

• The need for improved government capacity 

• The need to improve legal, regulatory and administrative framework 

• The need to develop viable border projects 

• The need to improve access to capital markets 

                                                
57 Ibid, pp. 15-26 
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• The need for integrated government, Multilateral Development Bank (MDB), and 
NADBank strategies 

The Need for Improved Government Capacity 

Extend Capacity to Border Areas without Local Governments 

Some of the border areas with greatest infrastructure needs are outside the boundaries of 
municipalities on each side of the border. Local governmental capacity must be developed to 
serve the residents of colonias in the United States and in the "informal market" areas in Mexico. 
This will be difficult, given resource constraints. Up to now, many unincorporated areas or areas 
not within any government jurisdiction have had to rely on community groups, benign private-
sector firms and the extraterritorial agendas of nearby states and municipalities. The federal 
governments of both nations have tried to build governance capacity through grant and loan 
mechanisms and technical assistance programs. 

Coordinated federal and state technical assistance programs, strategic loan/grant initiatives for 
populated areas with no real governing structure, and increased efforts to help citizens in these 
areas form necessary governance entities appear to be needed. Finding ways to extend, where 
appropriate, the jurisdictional responsibilities of local governments to encompass unincorporated 
areas could help. Both nations could also provide diverse incentives to the private sector to 
encourage innovative assistance to unincorporated areas. It may take many different kinds of 
partnerships between the public and private sectors as well as between public, private-sector and 
community groups to respond to the infrastructure needs of informal market areas and colonias. 

Build Capacity Among Existing Governments 

Even when local governments are in place, the skill level of public officials and staff is often 
uneven. Mexico's municipalities face many problems not encountered by municipalities in the 
United States. For example, elected officials may only serve for three years. This leads to 
instability in policy making, regulatory enforcement, contracting etc. It also causes high staff 
turnover. Further, at the state and local level, Mexico is just beginning to professionalize public 
employment. 

Importantly, Mexican municipalities must rely on federal revenues to fund much of their 
infrastructure. Their tax base is relatively narrowly defined. The property tax, while available as a 
revenue source, is not effectively utilized in some communities given problems with assessment 
and property-registration procedures. Presently, municipalities must rely heavily on federal 
transfer funds to meet the largest share of their infrastructure needs. Mexico's fiscal system, while 
moving toward increased decentralization, is still heavily centralized. 

Several specific management problems now limit infrastructure development by border states and 
municipalities in Mexico. Accounting systems are often not current or contemporary. Mexican 
municipalities are limited with respect to the type of debt they can secure for infrastructure 
purposes. Mexican municipalities do not have the ability, like U.S. municipalities, to use municipal 
bonds. Even when they have debt and debt-carrying capacity, they often must rely on short-term, 
fairly expensive loans and security instruments. The Mexican constitution limits the ability of 
municipalities to borrow internationally and municipal budget authority in Mexico is also 
circumscribed by the need for state review and approvals. 

Local communities also need to develop information, accounting, and evaluation systems. 
Existing programs, like BANOBRAS' successful technical assistance efforts, could expand to 
cover more border communities. Such programs should be coordinated with initiatives by other 
public and non-profit groups. 
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Proposals have been suggested to amend the Mexican constitution to allow communities to 
borrow internationally. Such constitutional amendments will be difficult to secure and may be 
premature at this time, given deep-seated capacity issues that must be addressed before 
borrowing in international markets becomes a meaningful option. A flexible long-term municipal 
security and a range of strategic government enhancements could be a suitable short-term 
alternative. 

Strengthening local capacity will demand the increased use of concessions, the increased 
reliance on public-/private-sector partnerships, and the establishment of independent authorities, 
at times, with power to act independently of local government and with separate fiscal 
arrangements. 

Management problems are not confined to Mexican communities on the border. Many of the 
smaller U.S. communities face visible fiscal problems. Their own revenues are not sufficient to 
fund infrastructure projects. Their resources are also sometimes unable to support needed 
technical and policy staff to define and develop infrastructure projects. Like their Mexican 
counterparts, they will need help from their respective states and from the federal government in 
the form of strategic grants and loans as well as technical assistance. 

The fiscal and management problems of communities on both sides of the border result in the 
failure to maintain infrastructure systems, leading to frequent breakdowns and ultimately 
inefficient expenditure patterns. 

Involve Citizens and Reconcile Competing Interests 

The need for improved involvement of citizens in infrastructure project planning was also 
mentioned at the conference. Residents often appear excluded from infrastructure planning 
processes in communities on both sides of the border. Private-sector infrastructure developers 
cannot intrude in local decision making and they cannot force local officials to work with citizen 
groups. According to a developer attending the conference, sometimes even when the local 
government has approved a project, the state has prevented local projects from beginning 
operations based on citizen opposition. 

Increasingly, both the United States and Mexico face the "not in my backyard," or NIMBY, 
phenomena. Solid and toxic waste facilities required along the border are held up because of 
local community or neighborhood opposition. It was felt that better processes are needed to 
incorporate the community and affected neighborhoods in all phases of the planning process. 
Both nations need to find ways to reconcile public interest objectives that go beyond the 
boundaries and concerns of neighborhoods and local jurisdictions and that, indeed, may conflict 
with neighborhood and local jurisdictions concerns. BECC has fostered public participation in 
project planning and BECC and NADBank are trying to encourage area wide infrastructure 
planning initiatives along the border. But progress is slow. Both nations are wrestling with ways 
to strengthen resident involvement in planning while responding to public interest objectives that 
may not recognize neighborhood or community limits. 

Develop Clarity Concerning Government Roles 

The United States and Mexico have committed themselves to further decentralization of 
infrastructure development. 

Issues associated with decentralization are complex, however. Clear linkages between national 
and state goals and state and local infrastructure plans need to be defined. Federalism requires 
a continuous and often-changing blend of government roles and responsibilities. Coordinated 
local, state, regional and national involvement in goal setting and policy development will be 
required to respond to many air and water quality problems. Pollution rarely stops at jurisdictional 
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lines. Road, airport, water and waste disposal systems often will require a larger than jurisdictional 
framework. The bottom line is that more equitable and efficient federal systems are required in 
both nations if each nation is going to overcome budget constraints and generate more effective 
collaboration among and between all levels of governments. 

Develop More Binational Organizational Strength 

Effective binational collaboration has occurred in the border region. However, there is a lack of 
permanence of the involved organizations and the absence of resources for collaborative 
planning. Border cities need to be planned together, both locally and binationally. 

The need for binational development authorities that could both plan and develop projects was 
also suggested. Other proposals called for experimentation with a wide variety of binational 
organizations; some formal, some informal. Both nations should facilitate development of stronger 
binational commissions, binational councils, and binational working committees. Provision of 
grant funds for core staff would help provide legitimacy to binational groups. 

The Need to Improve Legal, Regulatory and Administrative Framework 

Build Transparency into Legal and Administrative Framework 

The need for transparency in the legal and regulatory framework governing infrastructure 
development on the border was acknowledged by many individuals in San Antonio. Clear and 
consistent articulation of policies, predictable legal and administrative ground rules, and open 
bidding and concession review processes were suggested. It was at the same time acknowledged 
that tremendous progress has been made in Mexico in framing new laws and regulations affecting 
infrastructure development. Even at the local level where capacity is often a problem, the private 
sector is receiving more even-handed treatment with respect to the stability and predictability of 
contracts, ground rules and regulations. 

Build a Fair Regulatory Framework 

To the extent possible, regulatory decisions should be made in an independent setting by 
independent authorities removed from everyday operational pressures. The energy area was 
suggested as a business in need of more effective competition, between public- and private-
sector entities, between domestic and foreign companies, and between competing suppliers or 
sources (e.g., gas and electricity). Specific concerns about the Mexican energy sector were 
voiced, in light of the continuing large role granted state enterprises. 

Regulatory reform is an issue in both the United States and Mexico. Businesses often resist 
regulation. When regulations are required, however, businesses tend to prefer uniformity across 
market areas or jurisdictions. Consistency in administration and enforcement is also critical to 
ensure fairness of application and predictability in the business environment. Cumbersome 
regulations need to be changed to increase efficiency. Mexico and the United States are reviewing 
many of their environmental regulations and both countries seem to be willing to move toward 
incentives and away from regulations with respect to environmental protection and energy 
development. 

The Need to Develop Viable Border Projects 

Infrastructure development requires projects that are well conceptualized; that have been 
carefully analyzed; that can demonstrate benefits in excess of costs, and that can be paid for from 
designated revenues. Several government and business participants in San Antonio suggested 
that project development in border areas has been impeded by inappropriate planning, weak 
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project economics, and by lack of predictable project funding. Some of the more specific problems 
related to the need for: 

Better Project Conceptualization 

It was observed that border projects are often developed in isolation, rather than as part of 
strategic policies and planning for the area. The General Manager of NADBank noted that projects 
were being developed without regard for overall integrated systems and without the collaboration 
of relevant jurisdictions as well as knowledge of project impact Further, projects are sometimes 
proposed that have no viable plans for or consideration given to the costs of and skills required 
for ongoing operations and maintenance. Similarly, the technological approaches proposed often 
reflect little concern for sustainability (e.g., water supply, status of aquifers, recycling). 

Better Project Data and Project Analysis 

Many border projects are not being subjected to rigorous analysis regarding projected costs, 
operations and revenue collections. Better tools must be developed and relevant staff trained in 
conducting project feasibility assessments. it was suggested that these analyses need to go 
beyond traditional financial evaluation and include an assessment of social benefits as well. 

Border area jurisdictions in both the U.S. and Mexico often lack resources for planning and 
feasibility studies. They need increased help from state and federal governments as well as 
potential private-sector sponsors of projects. BECC's Project Development Assistance Program 
(PDAP) has tried to respond to local area planning needs. Funded by a $10 million grant from the 
U.S. Environmental Protection Agency, PDAP is designed to provide technical and project 
development assistance to communities on both sides of the U.S.-Mexico border for water and 
wastewater infrastructure. BECC is in the process of developing a matching assistance program 
with Mexico's Secretary for Social Development (SEDESOL) for municipal solid waste disposal 
projects. 

Lack of good accessible project information was noted to be a common concern. 

Reasonable Assurances of Project Feasibility 

The "bottom line" resulting from the above-noted problems is that the going is slow because 
projects being proposed fail to reflect reasonable tests of feasibility. If border projects are to be 
developed privately or financed in the capital markets, they must reflect revenues that are 
sufficient to cover the costs of development, operation, maintenance and debt repayment. Weak 
tax bases combined with an aversion to increasing user fees will make locally developed projects 
risky. There is a clear need for innovative packaging as well as a recognition that social welfare 
objectives may require federal and state involvement either through grants or loans. Cooperation 
between NADBank states on both sides of the border, and relevant agencies of both federal 
governments will be essential to foster needed projects and to effectively allocate risks for border 
projects. 

The Need to Improve Access to Capital Markets 

Border area projects will require improved access to capital markets as there is just not enough 
public-sector money. Given the magnitude of need, "pay as you go" financing seems out of the 
question, except for relatively small infrastructure projects. All levels of government along the 
border are looking to the private sector for help with the provision of equity and debt capital. But 
securing capital for projects in the border region has been difficult. Specific problems include: 
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Need to Lower Capital Costs 

Infrastructure projects, which are long-lived assets by definition, require long-term financing and 
reasonable interest rates. Currently, it is difficult to secure long-term financing in Mexico. 
Maturities are typically very short and nominal interest rates approach 30 percent. Even pass-
through funds from the World Bank or InterAmerican Development Bank (IDB) carry high interest 
rates. For example, interest rates on World Bank funds re-lent by BANOBRAS are set to 
accommodate uncertainty concerning inflation, administrative costs and to avoid undercutting 
competition. 

Improved macroeconomic conditions will lower rates. Development of capital markets in Mexico 
through increasing savings will also help make infrastructure projects more competitive. Recent 
amendments to the laws governing pension funds should open up more opportunities to secure 
relatively long-term reasonably priced infrastructure debt. However, given the perceived risks of 
lending to border infrastructure projects (low incomes, non-elasticity of user fees, low tax bases 
in many jurisdictions, uneven capacity among project sponsors), private investors will probably 
require, at the outset, diverse government enhancements; for example, guarantees, grants, 
cofinancing. Project acceptability in capital markets will be enhanced with Multilateral 
Development Bank (MDB) involvement and the integration of MDB support with that of NADBank, 
BANOBRAS, etc. 

Understanding and Handling Risk 

Since domestic capital markets are limited and competitive, many infrastructure projects in the 
border region will likely try to reach out to international investors. Since foreign investors are by 
definition further removed from projects, they need greater assurances regarding the range and 
allocation of risks. In light of Mexico's recent economic problems, fears concerning sovereign and 
country risk must be accommodated by the Mexican government. 

Development of infrastructure on the border by municipalities will also have to respond to issues 
related to subsovereign risk. Use of intermediaries will be required for public projects sponsored 
by states or localities on the Mexican side of the border, given constitutional prohibitions against 
international borrowing, 

Innovative strategies to allocate risk will be required if border projects are to obtain financing. 
Precise agreements and contractual commitments involving project developers, lenders, 
construction companies, suppliers and local governments will be needed, coupled with better 
up-front analysis. It is likely that a range of guarantees or credit enhancements will ultimately be 
required for border infrastructure projects. 

The Need for Integrated Government, MDB and NADBank Strategies 

Investment grade debt, which is typically demanded by external investors, will only be achieved 
if there are credit enhancements offered to border projects—at least at the present time. The 
Mexican government and the MDB need to work together to develop "different" enhancement 
packages. The past policies of the multilaterals have required counter guarantees to secure their 
new guarantee programs. The MDBs have also been rigid in tying their products to tough 
structural and sectoral policies. 

Counter-guarantee requirements could be a serious impediment to the use of MDB guarantees. 
Counter-guarantees are often treated similarly to debt. The MDBs need to consider alternatives 
to their use, if it is proven that they limit consideration of partial credit or partial risk guarantees. 

Maximum use of all existing tools are needed to finance infrastructure needs in the border area. 
For example, the benefits of the Multilateral Investment Guarantee Agency (MIGA) insurance 
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programs and the Overseas Private Investment Corporation (OPIC) bond insurance programs 
are not available in Mexico. In order to participate, Mexico would have to reconsider the rules 
concerning arbitration of disputes. 

NADBank could also generate significant infrastructure development in the future. However, 
NADBank has only been in operation for 18 months. It has begun to approve projects and has 
many more under consideration. NADBank is a bank and not a social welfare agency. NADBank's 
aim is to become a market maker and to help through its role to lead investors to the border area. 

11.5.4 Transportation Issues and Options58 

Public- and private-sector leaders working on strengthening commerce have also identified a 
number of issues that are impeding successful economic development in the border area: 

Piecemeal Development. Transportation projects are frequently developed independently of 
each other. An improvement put in place in one location may yield minimal benefit because other 
related improvements are not in place. A coordinated systemwide view is required to maximize 
efficiency. 

The emphasis on private financing contributes to piecemeal development. The border 
transportation infrastructure needs to be considered as a system and planned and funded in that 
context. The danger of planning individual facilities, simply because a funding mechanism has 
been found, is that a disconnected system can result. 

Private-sector involvement need not result in lack of coordination. If adequate planning is done 
and priorities are established, there is no inconsistency between a system orientation and private 
promotion of and involvement in developing specific projects. Rather, privately funded and/or 
developed projects should be viewed as a supplement to public projects. They could free up public 
funds for strategic projects that, while not viable or attractive to the private sector on a market 
basis, are critical to the functioning of a system. Integrated public- and private-sector development 
could lead to more rather than fewer options concerning completion of necessary transportation 
systems. 

Regional Development. Transportation systems should be viewed in a regional and binational 
context. In some instances, through better coordination, improvements could be achieved for less 
cost. For example, it may make more sense to use available airport capacity in Mexico than to 
seek expanded runways at a nearby but congested U.S. airport. Upgrading of the role of 
metropolitan planning organizations under ISTEA has been tremendously useful in moving the 
United States toward coordinated transportation planning and project development. The concept 
should be expanded to include the border area. 

Role of User Fees. While it is generally recognized that more funds are needed for transportation 
infrastructure, the role of user fees in financing projects is controversial. The Border Trade 
Alliance opposes the development of infrastructure financed by tolls. According to the Alliance, if 
businesses on the border bear the cost of infrastructure directly when their competitors in other 
areas do not, border-produced goods will be at a disadvantage in the world market. Furthermore, 
local residents should not have to pay for the infrastructure required to support international trade 
or infrastructure that benefits one or both countries. 

Other interests support the need for increased reliance on user fees. Businesses and residents 
of the border incur substantial costs when congestion causes delays. If user fees allow 
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infrastructure to be developed more quickly, they represent a cost-effective alternative. Through 
technology and policy, strategies can be found to fairly allocate costs to different kinds of users. 

Delays in Processing. Representatives of border communities and others engaged in 
international commerce have expressed concern over the observed queuing of cars and trucks 
at border stations and long waits to cross the border. Changes must be made to facilitate cross-
border movement. Both nations are working together to develop procedures and systems that will 
help facilitate the flow of goods, services and people through the border. Even stronger federal, 
state and local government efforts in each nation are being urged to make efficient use of existing 
border facilities to expedite traffic. Needs for reduced bureaucracy concerning cross border 
movement of automobiles, planes and trucks must be balanced with law enforcement concerns 
about immigration, customs and safety inspections. Technological options to reduce paperwork 
and to speed up processing of vehicles need to be explored along with the development of 
consistent rules and regulations related to border crossings. 

Importance of Intermodal Facilities. Congestion may be handled by diversifying the 
transportation modes used to move goods across the border. Many goods now move by trucks 
that clog the roads leading to the border. Railroads, which are expected to increase in importance 
as the Mexican rail system upgrades, represent an important alternative. There has been a 
positive response to Mexico's invitation to the private sector to get involved in rail operations. 
Some concern has been expressed over delays in clearing rail cargo through the border, however. 
Also, questions have been raised regarding mergers of rail companies within the United States 
and their potential anti-competitive impacts in the marketplace. Both Mexico and the United States 
have an interest in developing coordinated intermodal facilities and services as the ability to link 
airports, highways, trains, ports is critical if the border area is to become an efficient transhipment 
point. 

11.5.5 Opportunities: Capacity Building, Coordination, Capital Access59 

Capacity Building 

Governance capacity, at best, is uneven in the border area and, at worst, is non-existent in many 
colonias and informal market areas. Fiscal as well as other resource constraints on both sides of 
the border make it difficult to secure and retain highly capable and motivated staff in municipalities. 
Legal limitations on the Mexican side of the border impede development of staff and leadership 
continuity in localities. 

Both Mexico and the United States should take steps to help local governments assure the 
availability of a highly competent group of professional staff in border communities. Existing 
technical assistance programs must be extended. Professionalization of staff through new and 
improved civil service systems is critical particularly in Mexico. Increased use of trained city 
managers in larger municipalities and circuit riders in small communities is important. Extended 
territorial authority for existing jurisdictions and establishment of new jurisdictions should be 
considered to cover presently unincorporated areas. 

Increased and improved citizen participation processes should be encouraged by government. 
Citizen groups should be involved in key planning and priority setting decisions concerning 
infrastructure. Government, non-governmental organizations (NGOs), and foundations need to 
consider diverse technical assistance programs to help build the capacity of citizen organizations. 
Innovative strategies are needed to balance objectives related to the environment that extend 
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beyond jurisdictional boundaries with the need to respect community and neighborhood views 
(and sometimes fears) concerning the location of environmental facilities. 

Simultaneous with efforts to help border jurisdictions increase capacity, initiatives should be taken 
to provide for a variety of new and innovative infrastructure development institutions. Expanded 
use of authorities, concessions, public-/private-sector partnerships, and service contracts should 
be considered to develop infrastructure in border areas. 

Coordination and Collaboration 

Fortunately, numerous public, quasi-public, non-profit groups exist to foster and/or assist in the 
development of border infrastructure. Unfortunately, coordination among them sometimes is 
minimal. BANOBRAS, the MDBs, NADBank, and other relevant public and private-sector financial 
institutions need to work together to secure extended financial options for border infrastructure 
projects. A "one stop" shopping center should be developed to provide strategic information and 
technical assistance concerning available infrastructure financing. It would be sponsored by one 
or more of the involved public financial institutions. 

The need for coordination and institution building concerning infrastructure planning and 
development is important between contiguous communities on both sides of the border; 
communities separated by legal boundaries but joined by strong economic, social and cultural 
links. The U.S. and Mexican governments as well as the involved jurisdictions should consider 
use of binational border authorities. Alternatives to authorities or "first steps" on the way toward 
authorities also should be explored. They include: expanded use of binational commissions, 
development of informal and formal government-to-government working groups, development of 
public, private-sector, NGO, and citizen councils. Irrespective of form, binational organizations, to 
be effective, will require the sanction of the U.S. and Mexican federal governments as well as 
respective state and local governments. Technical assistance from relevant government and non-
government agencies will be useful. Availability of incentive grants from government and 
foundations will give binational organizations staying power and necessary staff to initiate 
successful binational planning and project development in their respective areas. 

Capital Access 

The border area is clearly in need of an infusion of capital to respond to its infrastructure needs. 
Just as clearly, the impediments to easy access to reasonably priced long-term capital are 
immense. 

Until recently, Mexico's economic problems discouraged investors from the border area as well 
as other parts of Mexico. Similarly, the sluggish economy in the United States in the early 90s, 
limited options for municipal bond financing in border areas. Low incomes, sensitivity to user fees, 
narrow tax bases, and lack of governmental capacity have made and continue to make it difficult 
to develop both stand-alone projects and projects relying on a jurisdiction's general tax base. The 
understandable need for NADBank to build capacity and establish ground rules has restricted 
NADBank's funding of projects. The absence of coordination combined with competitive priorities 
has limited and now limits the impact of the MDBs. Both the U.S. and Mexican governments as 
well as many state governments face budget constraints and, as a result, have had to restrict 
infrastructure funding and or shift from grants to loans. 

Despite the difficulties, it is believed that capital markets will be increasingly accessible to border 
projects under the "right" conditions. Improvements in the Mexican economy will attract investors 
and project sponsors to viable projects. Government enhancements and flexible MDB 
involvement likely will be necessary in the short term to minimize perceptions of risk. Development 
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of solid information concerning project bonafides and initiation of effective risk allocation 
processes will help move projects from planning to implementation. In this context, improving the 
ability of the public sector to evaluate projects, including the social welfare benefits and costs of 
projects, will make its strategic involvement in infrastructure financing increasingly possible. 

Development of transparent regulatory, bidding and procurement procedures will help to extend 
private-sector financing and development of infrastructure projects. Similarly, separation of public 
regulatory responsibilities from administrative and operating responsibilities concerning 
infrastructure facilities and services will reduce investor/developer fears of political risks. 

Governments must establish a level playing field regarding imposition of tariffs, fees and taxes. 
Without such a level playing field, it will be difficult to encourage private investors and developers 
to look hard at border infrastructure projects. 

Both Mexico and the United States should evaluate the benefits and costs associated with 
extension of NADBank's role beyond environmental infrastructure projects. Similarly, both 
governments should consider the suggestion that NADBank have the ability to make below-
market rate loans. Increased cooperation between the MDBS, NADBank, and relevant 
government and private-sector institutions is needed concerning border infrastructure projects. 

11.5.6 Binational Study Team Conclusions 

The progress, ongoing initiatives, and enthusiasm of the binational working groups, agencies, and 
individuals reported herein as well as many others in the border area not specifically mentioned in this 
report suggests that solutions will be found to border area problems that might otherwise constrain 
border economies and continued growth. The next chapter of this report addresses economic trends 
as they affect future trade flows. These economic forecasts assume that adequate border area 
infrastructure (housing, energy, environmental systems and transportation) is available to support this 
growth in trade, particularly in the short to mid term, to year 2000. It is clear, however, that economic 
growth beyond this time frame will require significant investments in infrastructure and that projects 
need to be carefully selected to achieve maximum payback.  
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11.6 Forecasts of Future Trade Flows 

Bilateral trade flows between Mexico and the United States exceeded $100 billion (based on U.S. 
data sources) for the first time in 1994, following the initial implementation of the provisions of 
NAFTA. This chapter develops simplified forecasts of merchandise trade flows which indicate that 
trade between the two nations will rise steadily through the year 2000, surpassing the $200 billion 
mark. 

The forecasts presented in this section rely upon assumptions about economic growth for both 
countries, as obtained from recognized organizations specializing in macroeconomic analysis. 
The forecast scenarios incorporate information about historical trends in growth of product 
shipments, category shares in the overall mix of products and activity levels at each of the four 
U.S. Customs Districts on the U.S.-Mexico border (San Diego, Nogales, El Paso and Laredo). 
The forecast horizon covers the years 1997 through 2000.  

The chapter begins with a review of the economic environments in the United States and Mexico 
during the recent past, with emphasis on fluctuations in overall trade and bilateral trade between 
the two nations. The U.S. economy has been experiencing a strong expansion since the recession 
of 1991, while Mexico is still recovering from a recession in 1995, the worst downturn in 60 years. 

Next, the macroeconomic assumptions underlying the trade forecasts are discussed. In brief, the 
Mexican economy is expected to continue to show strong gains in real output and a reduction in 
inflation rates during 1997 through 2000 while the U.S. economy will sustain a slightly slower but 
steady rate of growth. Trade will increase in importance for both nations. Mexican exports to the 
United States will remain highly competitive over the forecast period. As the Mexican economy 
strengthens, U.S. exports to Mexico will account for an increasingly larger share of total U.S. 
exports.  

Forecasts have been developed for both value and volume of binational trade between the two 
countries. Since trade flow figures differ somewhat when reported by either Mexico or the United 
States, separate value forecasts are derived using data from both sources. Trade volume 
forecasts are based on U.S. data. 

Binational trade values for the year 2000 are forecast to exceed $200 billion from either source 
(see Table 11.12). Using 1995, the year following the peso devaluation, as a base for comparison, 
the value of combined northbound and southbound trade is expected to rise by more than $100 
billion for the five-year period. 

The volume of trade is projected to increase by nearly 50 percent. All-mode tonnage (rail, truck, 
and pipeline) crossing the border in 1995 was reported by the U.S. Bureau of Transportation 
Statistics to be 49.7 million tons. By the year 2000, tonnage is forecast to increase to 73.6 million 
tons, an increase of more than 23 million tons. 
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Table 11.12 
Binational Trade Forecasts: Value and Volume 

     5-Year Percent 

   1995 2000 Change Change 

      
Value ($ billions)      

 Mexican data sources $120.8 $233.3 $112.5 93.1% 
 U.S. data sources 108.0 211.6 103.6 95.9 
      

Volume (thousands of tons) 

 U.S. data sources 49,732 73,614 23,882 48.0% 
       

Sources: Forecasts by Barton-Aschman and Arizona State University. Derived from Mexican trade value data from 

International Monetary Fund; U.S. trade value data from U.S. Department of Commerce; U.S. volume 
data from U.S. Bureau of Transportation Statistics, 1997. 

Based on U.S. data, the forecasts indicate that the value of binational southbound trade (U.S. 
exports to Mexico/Mexican imports from the United States) will total $96.3 billion in 2000, slightly 
more than double the levels of 1995 (Table 11.13). Mexican data sources show a similar increase. 
Using either data source, the dollar value of trade is projected to increase by more than $50 billion 
between 1995 and 2000. 

The southbound volume of trade is expected to reach 41.8 million tons in 2000, an increase of 
over 42 percent over 1995 tonnage of 29.3 million. The volume increase over the five-year period 
1995 through 2000 is 12.5 million tons. 

The value of northbound trade (U.S. imports from Mexico/Mexican exports to the United States) 
is expected to reach $115.3 billion in 2000, using U.S. data sources for projections. This is an 
increase of 87 percent over the 1995 value (Table 11.14). Mexican data sources yield a similar 
percentage increase (86.4 percent), but the dollar value projected for 2000 is just slightly greater, 
at $124.5 billion. 

Northbound tonnage flows in 2000 are expected to increase by 55 percent over 1995 levels. Total 
northbound tonnage is forecast at 31.9 million, compared with 20.4 million in 1995.  

In the final section of this chapter, simplified projections for each of the four Customs districts are 
shown, with detail for the leading 15 traded goods for each district. Estimates of future trade flows 
northbound and southbound for the leading 15 commodities are provided for value and volume of 
goods crossing the border. 

Table 11.13 
Southbound Trade Forecasts: Value and Volume 

     5-Year Percent 
   1995 2000 Change Change 

      
Value ($ billions)      

 Mexican data sources $54.0 $108.8 $54.8 102% 
 U.S. data sources  46.3 96.3 50.0 108 
       

Volume (thousands of tons) 

 U.S. data sources  29,285 41,762 12,477 43% 
       

Sources: Forecasts by Barton-Aschman and Arizona State University. Derived from Mexican trade value data from 

International Monetary Fund; U.S. trade value data from U.S. Department of Commerce; U.S. volume data 
from U.S. Bureau of Transportation Statistics, 1997. 
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Table 11.14 
Northbound Trade Forecasts: Value and Volume 

     5-Year Percent 
   1995 2000 Change Change 

Value ($ billions)      
 Mexican data sources $66.8 $124.5 $57.7 87% 
 U.S. data sources  61.7 115.3 53.6 87 
       

Volume (thousands of tons) 

 U.S. data sources  20,447 31,852 11,375 56% 

Sources: Forecasts by Barton-Aschman and Arizona State University. Derived from Mexican trade value data from International 
Monetary Fund; U.S. trade value data from U.S. Department of Commerce; U.S. volume data from U.S. Bureau of 
Transportation Statistics, 1997. 

11.6.1 Macroeconomic Background: U.S. Economy 

After a relatively mild recession in 1991, the U.S. economy rebounded strongly. Real growth in 
Gross Domestic Product averaged 2.5 percent annually between 1992 and 1996, and the 
economy added more than 10 million new jobs. Real growth slowed in 1995 but accelerated again 
in 1996 (Table 11.15). 

 

Table 11.15 
U.S. Economic Indicators ($U.S. billions) 

 1993 1994 1995 1996 

U.S. GDP $6,552.9  $6,935.7  $7,253.8 $7,575.9 
Percent change 4.9% 5.8% 4.6% 4.4% 
Percent change ($92) 2.3 3.5 2.0 2.4 

     
Total Exports $657.8 $719.1 $807.4 $855.1  
Percent change 2.9% 9.3% 12.3% 5.9% 
Percent of GDP 10.0 10.4 11.1 11.3 

     
Total Imports $720.5 $813.4 $902.1 $954.3 
Percent change 7.7% 12.9% 10.9% 5.8% 
Percent of GDP 11.0 11.7 12.4 12.6 

     
Goods Exports $459.6 $509 $581.5 $615.1 
Percent change 2.4% 10.7% 14.2% 5.8% 
Percent of GDP 7.0 7.3 8.0 8.1 

     
Goods Imports $592.8 $677.0 $757.0 $802.2 
Percent change 8.8% 14.2% 11.8% 6.0% 
Percent of GDP 9.0 9.8 10.4 10.6 

     
Exports- Mexico $41.6 $50.8 $46.3 $56.8 
Percent change 2.5% 22.1% -8.9% 22.7% 
Percent of GDP 0.6 0.7 0.6 0.7 
Percent all U.S. Exports 6.3 7.1 5.7 6.6 
Percent U.S. Goods Exports 9.1 10.0 8.0 9.2 

     
Imports -Mexico $39.9 $49.4 $61.7 $73.0 
Percent change 13.4% 23.8% 24.9% 18.3% 
Percent of GDP 0.6 0.7 0.9 1.0 
Percent all U.S. Imports 5.5 6.1 6.8 7.6 
Percent U.S. Goods Imports 6.7 7.3 8.2 9.1 

Source: U.S. Department of Commerce, 1997. 

 



Forecasts of Future Trade Flows 

Barton-Aschman 91 La Empresa 

Exports and imports both surged sharply in the mid-1990s. Total exports by the United States 
grew by 9.3 percent in 1994 and by an additional 12.3 percent in 1995 (current dollars not adjusted 
for inflation), showing rates of increase several times greater than in the recent past. Exports as 
a proportion of Gross Domestic Product (GDP) reached 10 percent for the first time in 1993 as 
international trade increased its overall importance to the U.S. economy. By 1995, exports as a 
percent of GDP climbed by another full percentage point, exceeding 11 percent. 

Meanwhile, total imports of the United States also increased in the 1990s, registering a strong 
rise similar to that recorded for exports. Imports rose in 1994 by 12.9 percent and again in 1995 
by 10.9 percent. By 1995, imports increased to a level exceeding 12 percent of U.S. GDP, the 
highest proportion ever recorded for the nation. 

Goods exports accounted for 70 percent of total exports in 1993. Although there is considerable 
discussion by analysts of the growing importance of services in international trade, the goods 
share of U.S. exports is increasing. By 1996, the goods share was up to 72 percent of exports.  

Similarly, the goods share of imports is increasing as well. In 1993, goods accounted for 82 
percent of U.S. imports; by 1996 that proportion had increased to 84 percent.  

U.S. merchandise exports to Mexico (Mexican imports of U.S. goods) fluctuated over the 1993 
through 1996 period. In 1994, the first year of NAFTA, exports to Mexico increased more than 20 
percent, accounting for 7.1 percent of total U.S. exports and 10 percent of U.S. goods exports. In 
1995, as the Mexican economy slumped, exports to Mexico fell. Then, when the Mexican 
economy rebounded in 1996, U.S. exports of goods to Mexico again increased by more than 20 
percent. The $56.8 billion recorded in 1996 represented 6.6 percent of total exports and 9.2 
percent of goods exports for the year. 

Imports from Mexico (Mexican exports to the United States) also increased sharply in 1994, rising 
by 23.8 percent. In 1995, in response to the peso devaluation, Mexican products became even 
more competitive and imports from Mexico rose by nearly 25 percent. By 1996, after rising by 
another 18 percent, imports of goods from Mexico accounted for 7.6 percent of all imports to the 
United States and 9.1 percent of goods imports. 

Based on U.S. Department of Commerce data, the U.S. trade balance with Mexico was slightly 
positive in 1994, and then moved into the negative range as imports from Mexico rose by more 
than 20 percent for a second consecutive year.  

11.6.2 Macroeconomic Background: Mexican Economy 

The Mexican economy is currently recovering from the most severe downturn since 1932. Real 
GDP dipped by 6.2 percent in 1995, accompanied by inflation of more than 50 percent. The two 
main factors driving the Mexican economy during this phase of the economic recovery are 
investment and the export sector. Domestic consumption has been slower to rebound, primarily 
due to the decline in real wages that began in 1995. In spite of the severity of the downturn, the 
rebound was substantial. In the third and fourth quarters of 1996, GDP growth exceeded 7 percent 
and the gain for the year was a robust 5.1 percent (Table 11.16). 

While the effect of NAFTA was to reduce trade restrictions that made both the United States and 
Mexico more competitive and efficient in binational trade, the effect of the peso   
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Table 11.16 
Mexican Economic Indicators ($U.S. billions) 

 1993 1994 1995 1996 

Mexico GDP ($) $367.6 $377.1 $286.4 $334.8 
Percent change 10.0% 2.6% -24.1% 16.9% 
Percent change (real $) 2.0 4.5 -6.2 5.1 
     
Exchange Rate 3.1 3.4 6.4 7.6 
     
Goods Exports $51.9 $60.9 $79.5 $96.0 
Percent change 12.3% 17.3% 30.5% 20.8% 
Percent of GDP 14.1 16.1 27.8 28.7 
     
Goods Imports $65.4 $79.4 $72.5 $89.5 
Percent change 5.3% 21.4% -8.7% 23.4% 
Percent of GDP 17.8 21.1 25.3 26.7 
     
Exports to U.S. $43.1 $51.9 $66.8 $79.4 
Percent change 14.3% 20.4% 28.7% 18.9% 
Percent of GDP 11.7 13.8 23.3 23.7 
Percent of Exports 83.0 85.2 84.0 82.7 
     
Imports from U.S. $46.5 $57.0 $54.0 $66.5 
Percent change 5.0% 22.6% -5.3% 23.1% 
Percent of GDP 12.6 15.1 18.9 19.9 
Percent of Imports 71.1 71.8 74.5 75.1 
     

Sources: GDP, exchange rate and total import and export data from Banco de Mexico; bilateral trade data from 

International Monetary Fund as reported by Mexican sources, 1997. 

devaluation was to make Mexico even more competitive in the short term. The average exchange 
rate nearly doubled between 1994 and 1995, moving from 3.4 to 6.4, thereby providing a sharp 
boost to Mexican exports. 

The binational trade data in Table 11.16 are from Mexican sources as reported to the International 
Monetary fund. However, the increases in binational exports and imports shown are very similar 
to those seen using U.S. Department of Commerce data. The 1994 increases in Mexican exports 
to the United States and imports from the United States both increase by more than 20 percent 
using either data source.  

For 1996, the U.S. data show southbound trade (U.S. exports/Mexican imports) of $56.8 billion 
(Table 11.15) while the Mexican data (Table 11.16) show southbound goods flows of $66.5 billion. 
Northbound flows using U.S. data were $73 billion in 1996; the Mexican figure for the value of 
northbound goods was $79.4. The reasons for these variations have been reviewed in some detail 
in Task 8.  

Mexican exports of goods increased by 30.5 percent in 1995, accounting for 27.8 percent of GDP. 
Exports rose by an additional 20 percent in 1996. More than 85 percent of Mexico’s goods exports 
in 1994 were destined for the United States, the highest level ever recorded. The U.S. share 
dipped slightly in 1995 (84 percent) and then again in 1996 (82.7 percent). 

Trade has become a key element of the Mexican economy. Goods exports as a share of Mexican 
GDP doubled between 1993 and 1996, rising from 14.1 percent to more than 28 percent. By the 
end of 1996, one fourth of Mexican output was targeted for shipment out of the country. Total 
exports of $96 billion in 1996 represented a 60 percent increase over the value of exports just two 
years earlier in 1994, the first year of NAFTA. 
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The binational impact of NAFTA was evident as imports to Mexico rose sharply in 1994, increasing 
more than 20 percent over the previous year. Then, as the economy slowed in 1995, total imports 
decreased by 8.7 percent and imports from the United States fell by 5.3 percent. However, due 
to the absolute drop in GDP, imports as a proportion of Mexican GDP actually increased. Similarly, 
even though U.S. products were less competitive due to the devaluation, U.S. imports to Mexico 
as a share of all Mexican imports rose in 1995 and again in 1996, accounting for three-quarters 
of all imports in that year. 

The trade figures provide strong evidence of the growing influence of binational trade, in spite of 
a weaker Mexican economy. Using U.S. data, binational trade increased from $81.5 billion in 1993 
to $129.8 billion in 1996, a gain of 59 percent. Mexican figures show an increase from $89.6 billion 
to $145.9 billion for these years, an increase of 63 percent. 

11.6.3 Forecasts of Bilateral Trade Values Based on U.S. Data 

This section provides forecasts of bilateral merchandise trade flows between the United States 
and Mexico through the year 2000 using U.S. trade data from the U.S. Department of Commerce. 
Corresponding forecasts based on Mexican data appear in the next section. The forecasts are for 
surface flows measured in value terms. (Detailed projections for value and volume by commodity 
type by customs district are shown in the final section of this chapter.) 

The methodology for estimating binational flows of goods across the U.S.-Mexico border was 
based on the following elements and assumptions: 

• The U.S. economy will record no less than 2 percent real growth through the year 2000 and 
the Mexican economy will continue its economic recovery with real GDP growth between 4 
and 5 percent. 

• U.S. total exports will account for 12.5 percent of GDP by the year 2000 and imports will 
account for 13.7 percent of GDP, continuing current growth trends. 

• Southbound border trade (U.S. exports to Mexico/Mexican imports from the United States) 
will make up 12 percent of U.S. goods exports by the year 2000. 

• Northbound border trade (Mexican exports to the United States/U.S. imports from Mexico) will 
account for 11 percent of total U.S. goods imports by 2000. 

It should be noted that the forecasting method draws upon the relative stability of the U.S. 
economy to derive the forecasts of both northbound and southbound trade. That is, the simple 
model used here is based on an extrapolation of recent U.S. trends, assuming steady growth in 
the importance of international trade. Moreover, the projections assume a continuation of growth 
in binational trade between the United States and Mexico, with growth patterns similar to those 
experienced since the passage of NAFTA. Rates of change in binational trade observed in the 
period 1990 through 1994 are used to project growth for individual commodity categories and the 
overall total. 

Forecasters believe that the U.S. economy will continue healthy through the year 2000. A review 
of forecasts for real GDP growth between 1997 and 2000 from a number of organizations (the 
WEFA Group; the forecast panel of Blue Chip Economic Indicators; The Congressional Budget 
Office; the Office of Management and Budget) shows that none of these sources expects GDP 
growth to fall below 2.0 percent. Although interest rates are expected to increase through the 
latter part of the decade, the effect will be to moderate, but not eliminate, growth (see Table 
11.17). 

Table 11.17 
Bilateral Merchandise Trade Forecasts: U.S. Data Sources ($U.S. billions) 
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 1997 1998 1999 2000 

U.S. GDP $7,939.5  $8,306.8  $8,697.1   9,106.2  
Percent change 4.8% 4.6% 4.7% 4.7% 
Percent change ($92) 2.6 2.2 2.2 2.2 

     
Total Exports  $908.5  $977.4  $1,055.3  $1,140.4  
Percent change 6.2% 7.6% 8.0% 8.1% 
Percent GDP 11.4 11.8 12.1 12.5 

     
Total Imports $1,013.1  $1,089.3  $1,168.8  $1,251.5  
Percent change 6.2% 7.5% 7.3% 7.1% 
Percent GDP 12.8 13.1 13.4 13.7 

     
Goods Exports $651.8 $697.6 $749.6 $802.7 
Percent change 6.0% 7.0% 7.5% 7.1% 
Percent GDP 8.2 8.4 8.6 8.8 

     
Goods Imports $850.9 $914.1 $979.7 $1,048.1 
Percent change 6.1% 7.4% 7.2% 7.0% 
Percent GDP 10.7 11.0 11.3 11.5 

     
Exports to Mexico $67.0 $75.3 $84.7 $96.3 
Percent change 18.0% 12.4% 12.5% 13.7% 
Percent GDP 0.8 0.9 1.0 1.1 
Percent of Goods Exports 10.3 10.8 11.3 12.0 

     
Imports from Mexico $86.8 $96.0 $105.8 $115.3 
Percent change 18.9% 10.6% 10.2% 9.0% 
Percent GDP 1.1 1.2 1.2 1.3 
Percent of Goods Imports 10.2 10.5 10.8 11.0 

     

Source: U.S. macroeconomic forecast data from WEFA Group, U.S. Macroeconomic Services; Blue Chip Economic Indicators, 
Capital Publications; Bilateral trade forecasts derived by Barton-Aschman and Arizona State University based on data 
from U. S. Department of Commerce and The Economist, Intelligence Unit, 1996. 

International trade will play an increasing role in the U.S. economy as the decade draws to a 
close. The forecasts shown in Table 11.17 indicate that merchandise exports as a proportion of 
GDP will continue to increase to 8.8 percent by the year 2000.  

Goods imports will grow by an average of 6.9 percent per year during 1997 through 2000. Several 
factors will combine to stimulate the growth of imports. As U.S. interest rates rise, the dollar is 
expected to strengthen further, which will increase the purchasing power of U.S. consumers and 
businesses in international markets. The ongoing strength of the economy will eventually be 
accompanied by wage increases, which creates advantages for those trading partners who can 
produce similar goods at lower costs due to a differential in payments to workers.  

A key assumption is that imports to the United States from Mexico and exports to Mexico from 
the United States will exhibit a stable pattern of increase over the forecast horizon. U.S. 
merchandise imports from Mexico as a percent of all goods imports will increase from the 9.1 
percent recorded in 1996 to 11 percent by the year 2000, growing approximately 1 percentage 
point in 1997 and somewhat more slowly thereafter. U.S. goods exports to Mexico will increase 
to 10.3 percent of goods exports in 1996, and thereafter on up to 12 percent of goods exports in 
2000. 

Under these conditions, southbound merchandise trade (U.S. exports/Mexican imports) is 
expected to increase to $96.3 billion in the year 2000 (Table 11.17). Although the rate of growth 
of southbound trade would slow (from 18 percent in 1997 to 13.7 percent in the year 2000), the 
dollar amount in 2000 would be more than 40 percent greater than the value three years earlier, 
in 1997. 
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Comparing the projected value of southbound binational trade between the two nations in 2000 
with 1994, the first year of the NAFTA agreement, merchandise trade is forecast to increase 90 
percent over the period. By the year 2000, U.S. exports to Mexico are projected for the first time 
to surpass one percent of total U.S. output. Northbound binational surface trade (U.S. 
imports/Mexican exports) would increase to $115.3 billion in the year 2000. This level of 
merchandise trade would be more than double the value of northbound trade in 1994.  

To provide context for the trade forecasts above, the projections may be compared to others 
made using different methodologies. One such set of forecasts was produced by Dean 
International, Inc. in 1996.60  

For the year 2000, the Dean International study projected southbound trade of $108 billion 
(compared to $96.3 billion for the current estimate), a difference that is some 12 percent greater. 
Northbound trade flows were projected by the Dean International study to be $116.6 billion 
(compared to $115.3 billion for the current estimate), a negligible difference. The Dean 
methodology and forecasts imply a stronger recovery of the Mexican economy than does the 
current methodology, which can be considered conservative. The Dean forecast envisions a 
somewhat larger growth in Mexican imports from the United States of both investment and 
consumer goods and Mexican purchasing power increases. 

11.6.4 Forecasts of Bilateral Trade Values Based on Mexican Data 

Each year, the Ministry of Finance prepares a report on the outlook for the year ahead (Economic 
and Financial Statistics Data Book, Criteria for Economic Policy 1997, and Economic Program 
1997, 1996). The current report projects that real economic growth in 1997 will be a minimum of 
4.0 percent, a continuation of the recovery that began in 1996. The Ministry of Finance 
emphasizes the need to consolidate the bases for sustained economic growth while continuing to 
reduce inflation.  

Results for growth of GDP in 1996 show gains in real output of 5.1 percent (see Figure 1.14). This 
growth is remarkable considering a restrictive monetary policy during the year was successful in 
essentially cutting the rate of inflation in half. 

Analysts who follow the Mexican economy believe the government goal of 4.0 percent real growth in 
1997 is readily achievable. According to the Economist Intelligence Unit,61 a highly respected source: 

The official growth target of 4 percent should be achieved as the recovery broadens to 
include the domestic sector, aided by a more relaxed monetary stance by the government. 
The planned rise in public investment will help to create jobs, while falling nominal and 
real interest rates are expected to boost domestic private investment. However, marginal 
increases in real wages will ensure only modest growth in private consumption. Despite a 
slowdown in their rate of growth, exports will remain the most dynamic component of 
demand. 

                                                
60 NAFTA Trade: Past, Present and Future, Dean International, Inc., Dallas, Texas, 1996 

61 Country Forecast: Mexico, The Economist Intelligence Unit, 1st Quarter 1997, p. 15 
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Mexican GDP: Real Annual Growth
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Source: Banco de Mexico and National Statistical Institute; 1997 forecast from Ministry of Finance 

Figure 11.14 Mexican GDP: Real Annual Growth 
 

Observers expect the Mexican economy to continue to recover through the year 2000. The World 
Bank estimates Mexico to have a long-term real growth potential of 5 to 6 percent per year. Global 
forecasters at Merrill Lynch recently raised their 1997 Mexican real GDP growth projection to 6 
percent.  

In Table 11.18, both the 4 percent minimum official projection and the 6 percent projection for real 
GDP growth are shown to indicate the growing optimism about the Mexican economy. In addition 
to real growth of 4 percent, the Ministry of Finance is projecting that the rate of inflation is expected 
to decline by half (to 15 percent) during 1997; exports would rise by 12 percent; and imports would 
increase by 18 percent; and the average exchange rate for the peso would be 8.5 per dollar. 

The key assumptions in the forecast of bilateral merchandise trade flows based on Mexican data 
sources are as follows: 

• Mexican GDP is expected to show real growth of 4 to 5 percent through the year 2000. 

• Exports as a percent of GDP will increase to 32.4 percent in 2000; imports will grow even 
more rapidly, to equal 33.9 percent of GDP in 2000. 

• Goods exports to the U.S. will make up one quarter of Mexican GDP over the forecast horizon 
and will account for 83 percent of exports in 2000. 

• Imports from the U.S. as a percent of all Mexican imports will stabilize at slightly less than 70 
percent by the year 2000. 

Under these assumptions, and assuming a continuation of growth trends established between 
1990 and 1994, northbound merchandise trade (Mexican exports/U.S. imports) based on Mexican 
data sources will be $124.5 billion in the year 2000. (The corresponding northbound trade value 
using U.S. data sources was $115.3 billion, or 92.6 percent of the figure using Mexican data 
sources.) 

As a proportion of all Mexican goods exports, northbound trade to the United States in 1997 is 
forecast again to reach the previous peak of 85.2 percent achieved in the first year of NAFTA. 
Then, the proportion returns to 83 percent by 2000, still significantly higher than 
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Table 11.18 
Bilateral Merchandise Trade Forecasts: Mexican Sources ($U.S. billions) 

 1997 1998 1999 2000 

Mexican GDP ($) $378.6 410.7 432.6 463.4 
Percent change 13.1% 8.5% 5.3% 7.1% 
Percent change (real) 4.0% to 6.0% 5.0 5.0 5.0 

     
Exchange Rate 8.5 9.2 10.0 10.5 

     
Goods Exports $108.0 $122.0 $135.0 $150.0 
Percent change 12.0% 12.0% 11.0% 11.0% 
Percent of GDP 28.5 29.7 31.2 32.4 

     
Goods Imports $104.7 $120.0 $138.0 $157.0 
Percent change 18.4% 16.0% 14.0% 14.0% 
Percent of GDP 27.6 29.2 31.9 33.9 

     
Exports to U.S. $92.0 $103.6 $114.3 $124.5 
Percent change 15.9% 12.6% 10.3% 8.9% 
Percent of GDP 24.3 25.2 26.4 26.9 
Percent of Exports 85.2 84.9 84.7 83.0 

     
Imports from U.S. $75.7 $85.0 $95.7 $108.8 
Percent change 13.8% 12.3% 12.6% 13.7% 
Percent of GDP 20.0 20.7 22.1 23.5 
Percent of Imports 73.1 70.8 69.3 69.3 

     

Sources: 1997 forecasts based on Secretaria de Hacienda y Credito Publico; forecasts for 1998 - 2000 derived by Barton-Aschman 
and Arizona State University based on data from WEFA Group and The Economist, Intelligence Unit, 1996.  

pre-NAFTA levels. The growth of Mexican exports to the United States will decrease from the 
double digit level between 1997 and 2000, declining from 15.9 percent to 8.9 percent. However, 
by 2000, goods exports to the United States will be nearly three times the level of 1993. 

The southbound trade projection (Mexican imports/U.S. exports) based on Mexican data for the 
year 2000 is $108.8 billion. (The corresponding southbound trade value using U.S. data sources 
was $96.3 billion, or 88.5 percent of the figure using Mexican data sources.) 

The rate of growth of goods imports from the United States decreases slightly in these projections 
in 1998 (to 12.3 percent) and then rises to 13.7 percent annual growth in 2000 as the Mexican 
economy continues to recover. 

Binational trade in 2000 using Mexican data sources is projected to be $233.3 billion. This 
represents an increase of 39 percent over the 1997 level of $167.7 billion, and more than two and 
one half times the pre-NAFTA figure of $89.6 billion in 1993. 

11.6.5 Trade Volume Forecasts by Customs Districts 

Although value figures are important in evaluating the overall impact of trade on both the 
economies of Mexico and the United States, planning for infrastructure requires projections of the 
volume of tonnage that must be accommodated by the roadways and other facilities serving the 
transport industry.  

Volume (tonnage) estimates for 1995 were developed by Barton-Aschman from reports of the 
U.S. Bureau of Transportation Statistics. These value to weight ratios, computed for each of the 
Schedule B commodities, are reported in Chapter 10.4, "Border State Costs of U.S.-Mexico 
Binational Trade." This section provides forecasts of volume for each Customs District derived by 
applying the value to weight ratios of chapter 10.4 to projections of the value of trade by Customs 
District. The methodology required projecting each of the 98 Schedule B commodities for each 
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district. Commodity detail for value and volume projections appear in the final section. The 
tonnage forecasts are for the three combined surface modes—truck, pipeline and rail. 

Southbound volume flows (U.S. exports/Mexican imports) are projected to reach 41,762 thousand 
tons in the year 2000 (Table 11.19). The projected tonnage increase is a gain of 12,477 thousand 
tons by the year 2000 as compared to 1995, the year of the Mexican recession. This volume 
represents an increase of 42.6 percent for the five-year period. During these same years, the 
value of southbound trade is projected to increase by approximately 70 percent (Tables 11.15 
and 11.17). (It should be noted that the trade value estimates are not adjusted for inflation.) 

In 1995, the Laredo district accounted for two out of every three tons (66.5%) of southbound trade 
volume. By 2000, Laredo’s share will decrease slightly, to 61.5 percent of tonnage. However, the 
Laredo district will capture nearly 50 percent of the total tonnage increase expected between 1995 
and 2000, and will remain the dominant district for both southbound and northbound flows. 

El Paso is projected to show the fastest southbound volume growth of any district, with an 
increase of 78.1 percent during the five year period between 1995 and 2000. Nogales will also 
record relatively rapid growth, at 70.1 percent, but will continue to have the smallest share of 
southbound trade (6.4 percent) in 2000. The share of trade volume in the San Diego district will 
decline slightly by the year 2000, to 10.8 percent of the southbound total.  

Northbound volume in 2000 (Mexico exports/U.S. imports) is forecast to be 31,852 thousand tons, 
some 76 percent of the volume of southbound trade (see Table 11.19). This pattern was also 
present in 1995, when southbound volume was 29,285 thousand tons and northbound volume 
was smaller at 20,447 thousand tons. (Note, however, that northbound value is forecast to exceed 
the value of southbound trade in 2000; since the devaluation of 1995 the value of Mexican exports 
to the United States has been greater than the value of imports, creating a positive trade balance 
with the United States for Mexico.) 

The San Diego and Nogales districts have a larger share of northbound trade volume than they 
do of southbound trade. Again, Laredo is the dominant district, with 52.6 percent of northbound 
volume in 2000. However, El Paso’s tonnage is expected to double between 1995 and 2000 and 
El Paso will account for more than one fourth of the additional northbound tonnage recorded 
during the five-year period. 

 

Table 11.19 
Tonnage Forecasts by Custom Districts - Southbound (thousands of tons) 

Tonnage      
All Modes San Diego Nogales El Paso Laredo Total 

      
Tonnage -1995 3,256 1,573 4,995 19,461 29,285 
District Share 11.1% 5.4% 17.1% 66.5%  

      
Tonnage -2000 4,524 2,676 8,895 25,668 41,762 
District Share 10.8% 6.4% 21.3% 61.5%  

      
Tonnage Change 1,268 1,103 3,900 6,207 12,477 
Percent Growth 38.9% 70.1% 78.1% 31.9% 42.6% 
Share of Growth 10.2 8.8 31.3 49.7  

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

Table 11.20 
Tonnage Forecasts by Customs Districts - Northbound (thousands of tons) 

Tonnage      
All Modes San Diego Nogales El Paso Laredo Total 

Tonnage -1995 2,949 3,157 2,812 11,559 20,447 
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District Share 14.4% 15.4% 13.7% 56.4%  
      

Tonnage -2000 5,117 4,184 5,804 16,747 31,852 
District Share 16.1% 13.1% 18.2% 52.6%  

      
Tonnage Change 2,168 1,027 2,992 5,188 11,375 
Percent Growth 73.5% 32.5% 106.4% 44.9% 55.6% 
Share of Growth 19.1% 9.0% 26.3% 45.6%  

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

11.6.6 Trade Value and Volume Forecasts by Commodity and Customs Districts 

This section provides forecasts of value and volume of trade by leading commodity type for each 
customs district for the year 2000. Projections were developed for the 15 highest valued 
commodity groups for each Customs District. The leading 15 commodities account for a 
significant proportion of trade, ranging from 75 to 95 percent of the value of all goods crossing the 
border, depending on the customs district. The forecasts are based on applying trend analysis to 
figures from the U.S. Bureau of Transportation Statistics. 

The methodology for forecasting growth in the value of commodities by districts involved 
computing annual average compounded growth rates for each commodity for the years 1990 
through 1994. These growth trends were then used to extrapolate predicted values in the year 
2000, under the assumption of continuing linear increase. Values reported are in unadjusted 
current dollars. In the following tables, the 1990 through 1994 growth rates used for the projections 
are set out, along with the 1994 and 1995 actual values for both value and tonnage. Some 
commodities were sharply affected by the devaluation of the peso and the 1995 actual value was 
not consistent with the value implied by the 1990 through 1994 growth rates. In those cases, the 
growth rate was adjusted to make the forecast for that commodity more realistic. 

Laredo is projected to continue as the Customs District accounting for the highest value of cross-
border trade in 2000. The top 15 northbound goods are forecast to have a value of $35.9 billion 
in 2000, up from $21.1 billion in 1995. The value of the top 15 southbound goods will increase 
from $18.1 billion in 1995 to $39.3 billion in 2000.  

Laredo is the only Customs District that is forecast to have southbound value flows greater than 
northbound value flows in 2000. The remaining districts will typically record northbound flows that 
are twice the size of southbound flows. For example, at San Diego the top 15 commodities moving 
north will have a value of $15.7 billion in 2000, but the southbound commodities will have a value 
of $8.5 billion. 

For Laredo and El Paso, projected southbound tonnage in 2000 exceeds northbound tonnage for 
all commodities and for the top 15 commodities. For San Diego and Nogales, however, projected 
southbound tonnage in 2000 is smaller than northbound flows. For the San Diego district, this 
implies a reversal of the pattern in 1995, when southbound tonnage was larger than northbound. 
Please see Tables 11.21 through 11.36 for the forecasts of value and volume by leading 
commodity type. 
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Table 11.21 
Northbound Merchandise Trade Flows - San Diego District 
Top 15 Commodity Groups - Value ($ millions) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 15.7% $2,772 $3,331 $7,065 
84 Nonelec. mach., parts 17.8 783 1,060 2,221 
87 Vehicles, parts 40.8 708 553 1,666 
98 Specialty classified articles 15.0 371 610 913 
90 Optical, measuring equip. 8.4 321 346 554 
94 Furniture, bedding, etc. 11.3 299 307 606 
95 Toys, games, sports equip. 16.1 267 330 695 
7 Vegetables 14.1 223 291 523 

44 Wood articles 4.1 147 105 200 
62 Apparel and clothing articles 15.0 186 149 457 
83 Misc. articles of base metal 0.7 111 120 124 
39 Plastic articles 9.7 113 116 209 
61 Apparel and clothing articles, knit 6.8 92 109 145 
96 Misc manuf. Articles 19.7 84 67 262 
70 Glass and glassware 10.6 69 62 133 

 Total Top 15 Commodities 15.9% $6,546 $7,556 $15,773 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

 

 

Table 11.22 
Northbound Merchandise Trade Flows - San Diego District 
Top 15 Commodity Groups - Volume (thousands of tons) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 16.7% 320 384 814 
84 Nonelec. mach., parts 15.4 160 212 389 
87 Vehicles, parts 37.0 162 123 349 
98 Specialty classified articles 14.4 84 134 194 
90 Optical, measuring equip. 5.1 21 21 29 
94 Furniture, bedding, etc. 10.2 70 70 132 
95 Toys, games, sports equip. 12.6 46 56 100 
7 Vegetables 9.4 518 610 872 

44 Wood articles -1.7 235 178 229 
62 Apparel and clothing articles 14.6 16 12 39 
83 Misc. articles of base metal -1.7 22 23 22 
39 Plastic articles 7.8 73 72 116 
61 Apparel and clothing articles, knit 6.1 8 11 15 
96 Misc. manuf. Articles 19.1 98 8 21 
70 Glass and glassware 7.6 79 70 135 

Total Top 15 Commodities 13.4% 1,912 1,984 3,456 
Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 
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Table 11.23 
Southbound Merchandise Trade Flows - San Diego District  
Top 15 Commodity Groups - Value ($ millions) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 17.3% $1,646 $2,099 $3,664 
84 Nonelec. mach., parts 11.3 684 578 1,112 
39 Plastic articles 16.6 449 500 962 
44 Wood articles 4.9 203 144 230 
87 Vehicles, parts 18.7 221 160 529 
90 Optical, measuring equip. 10.7 185 185 292 
48 Paper articles 13.4 203 248 370 
83 Misc. articles of base metals 2.9 117 105 118 
73 Iron and steel articles 11.3 122 150 199 
72 Iron and steel 15.9 92 99 192 
95 Toys, games, sports equip. 6.9 104 92 133 
76 Aluminum articles -0.7 91 117 74 
94 Furniture, beddings, etc. 17.4 90 55 203 
88 Aircraft, parts 37.5 116 100 213 
62 Apparel and clothing articles 17.1 77 75 169 

 Total Top 15 Commodities 13.9% $4,400 $4,707 $8,459 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

 

 

 

Table 11.24  
Southbound Merchandise Trade Flows - San Diego District  
Top 15 Commodity Groups - Volume (thousands of tons) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 16.9% 190 238 407 
84 Nonelec. mach., parts 10.6 112 95 173 
39 Plastic articles 11.7 244 286 414 
44 Wood articles -1.0 305 231 249 
87 Vehicles, parts 16.4 50 35 106 
90 Optical, measuring equip. 9.0 11 11 16 
48 Paper articles 9.8 227 257 296 
83 Misc. articles of base metals 0.6 22 18 19 
73 Iron and steel articles 9.0 106 125 155 
72 Iron and steel 11.5 213 226 327 
95 Toys, games, sports equip. 6.2 18 15 22 
76 Aluminum articles -5.8 50 71 28 
94 Furniture, beddings, etc. 15.6 20 12 42 
88 Aircraft, parts 33.5 1 1 2 
62 Apparel and clothing articles 11.7 7 6 11 

 Total Top 15 Commodities 7.7% 1,576 1,631 2,266 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 
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Table 11.25 
Northbound Merchandise Trade Flows - Nogales District 
Top 15 Commodity Groups - Value ($ millions) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected  
2000 

85 Electrical mach., equip., parts 21.7% $2,413 $1,346 $7,473 
87 Vehicles, parts 17.0 1,687 1,782 4,133 
7 Vegetables -1.5 608 707 531 

84 Nonelectrical mach., parts 16.2 623 502 1,461 
98 Special classification 15.1 505 264 1,120 
8 Fruit and nuts 7.1 159 235 229 
3 Fish, seafood 11.8 157 236 293 

90 Optical, measuring equip. 2.3 91 81 100 
1 Live animals 5.9 86 114 115 

94 Furniture, bedding, etc. 31.5 146 31 330 
74 Copper articles 9.1 94 107 152 
62 Apparel and clothing articles 23.8 112 94 385 
26 Ores, slag, ash -19.4 57 101 15 
95 Toys, games, sports equip. 104.7 187 88 422 
88 Aircraft, parts -21.9 10 0 2 

 Total Top 15 Commodities 14.9% $6,935 $5,688 $16,759 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

 

 

Table 11.26  
Northbound Merchandise Trade Flows Nogales District  
Top 15 Commodity Groups - Volume (thousands of tons) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 22.8% 259 144 801 
87 Vehicles, parts 13.8 336 347 698 
7 Vegetables -5.5 1,312 1,375 823 

84 Nonelectrical mach., parts 13.8 119 94 240 
98 Special classification 14.5 107 54 221 
8 Fruit and nuts 6.8 313 451 482 
3 Fish, seafood 4.0 19 31 24 

90 Optical, measuring equip. -0.8 6 4 5 
1 Live animals 5.4 53 74 69 

94 Furniture, bedding, etc. 30.2 32 6 65 
74 Copper articles 5.4 36 38 38 
62 Apparel and clothing articles 23.4 9 7 31 
26 Ores, slag, ash -15.1 28 46 10 
95 Toys, games, sports equip. 98.6 30 14 62 
88 Aircraft, parts -24.2 0 0 0 

 Total Top 15 Commodities 1.6% 2,659 2,685 3,568 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 
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Table 11.27  
Southbound Merchandise Trade Flows - Nogales District  
Top 15 Commodity Groups - Value ($ millions) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 22.0% $1,182 $733 $2,874 
84 Nonelec. mach., parts 19.0 674 510 1,416 
87 Vehicles, parts 8.6 556 390 672 
39 Plastic articles 41.6 259 248 528 
88 Aircraft, parts 34.8 318 2 649 
83 Misc. articles, base metals 15.2 138 128 239 
48 Paper articles 17.5 119 143 232 
90 Optical, measuring equip. 2.6 84 68 73 
73 Iron and steel articles 46.6 96 107 196 
3 Fish, seafood 3.2 50 1 45 

12 Oil seeds, etc. 9.9 38 61 50 
94 Furniture, bedding, etc. 14.9 53 31 90 
40 Rubber articles 20.1 45 43 101 
2 Meat and meat products 3.4 25 15 23 

63 Made-up textile articles -9.4 17 22 13 

 Total Top 15 Commodities 18.7% $3,654 $2,502 $7,201 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

 

 

Table 11.28  
Southbound Merchandise Trade Flows - Nogales District  
Top 15 Commodity Groups - Volume (thousands of tons) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected  
2000 

85 Electrical mach., equip., parts 21.6% 136 83 319 
84 Nonelec. mach., parts 18.3 110 83 220 
87 Vehicles, parts 6.4 125 86 135 
39 Plastic articles 35.7 141 141 268 
88 Aircraft, parts 30.9 3 0 6 
83 Misc. articles, base metals 12.7 25 22 39 
48 Paper articles 13.8 133 148 185 
90 Optical, measuring equip. 1.0 5 4 4 
73 Iron and steel articles 43.5 84 89 159 
3 Fish, seafood -2.8 8 0 5 

12 Oil seeds, etc. 9.6 243 316 315 
94 Furniture, bedding, etc. 13.1 12 7 19 
40 Rubber articles 17.3 25 22 47 
2 Meat and meat products 1.1 10 5 7 

63 Made-up textile articles -13.5 4 5 3 
 Total Top 15 Commodities 15.8% 1,064 1,011 1,730 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 
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Table 11.29  
Northbound Merchandise Trade Flows - El Paso District  
Top 15 Commodity Groups - Value ($ millions) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 20.1% $6,279 $6,827 $17,223 
84 Nonelec. mach., parts 31.3 1,019 1,160 2,758 
62 Apparel and clothing articles 24.2 650 776 2,179 
90 Optical, measuring equip. 45.1 874 1,006 2,366 
94 Furniture, bedding, etc 23.6 685 734 2,229 
98 Special classification 3.5 424 543 476 
87 Vehicles, parts 27.0 252 265 967 
1 Live animals -0.7 146 185 128 

63 Made-up textile articles 5.1 113 130 139 
44 Wood articles 17.6 137 155 332 
74 Copper articles -9.4 64 149 58 
8 Edible fruit and nuts -3.8 53 59 49 

39 Plastic articles 15.0 60 62 128 
48 Paper articles 3.2 35 107 39 
95 Toys, games, sports equip. 11.6 38 63 67 

 Total Top 15 Commodities $20.4 $10,830 $12,221 $29,136 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997. 

 

 

 

Table 11.30  
Northbound Merchandise Trade Flows - El Paso District  
Top 15 Commodity Groups - Volume (thousands of tons) 

 
Code 

 
Commodity Group 

1990-1994 Annual 
Growth Rate 

 
1994 

 
1995 

Projected 
2000 

85 Electrical mach., equip., parts 21.2% 700 760 1,915 
84 Nonelec. mach., parts 28.7 198 222 476 
62 Apparel and clothing articles 23.8 55 65 181 
90 Optical, measuring equip. 40.7 55 62 131 
94 Furniture, bedding, etc. 22.3 155 164 470 
98 Special classification 2.9 112 138 118 
87 Vehicles, parts 23.6 49 51 160 
1 Live animals -1.2 93 125 79 

63 Made-up textile articles 2.1 26 29 27 
44 Wood articles 11.0 210 252 366 
74 Copper articles -12.5 25 55 18 
8 Edible fruit and nuts -4.1 109 118 108 

39 Plastic articles 13.1 37 36 68 
48 Paper articles 2.3 508 120 429 
95 Toys, games, sports equip. 8.2 6 10 9 

 Total Top 15 Commodities 10.9% 2,337 2,207 4,553 

Source: Barton-Aschman and Arizona State University, derived from U.S. BTS data, 1997 
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