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Many economists believe that the slowdown of the productivity growth rates in

the U.S. economy in early 1970's was a consequence of the increased level of

environmental regulations. The main reason presented in support of this argument is

that increased environmental regulations impose an additional burden to the firms,

thus increasing the costs of the production of conventional outputs and decreasing

productivity growth rates. The opposing view, called Porter hypothesis, claims that

environmental regulations may have a positive effect on the performance of domestic

firms relative to their foreign competitors by stimulating domestic innovation.

Given that the environmental standards are lower in Mexico than in the U.S.

we expect to find relatively smaller effect of environmental regulations in Mexico.

During the debates of North American Free Trade Agreement (NAFTA), 1994, this

difference in environmental regulations levels of the two countries was hypothesized

to encourage the migration of U.S. dirty industries to Mexico, thus putting Mexican

economy into disadvantage. There are many studies of the effect of environmental

regulations on U.S. manufacturing performance, however there is little empirical work

showing the effect of environmental regulations on productivity of Mexico and

comparing the relative performance of industries of the two countries.

In this study we compare the relative performance of U.S. and Mexican

primary iron & steel and aluminum industries, RAMA 3411 and RAMA 3423
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correspondingly (according to Mexican Economic Census 1975 industrial

classification). We estimate primal and dual TFP growth rates based on translog

restricted cost function using fixed-effects approach. We found positive effect of

environmental regulations on dual TFP growth in all industries. The results support

Porter's "win-win" hypothesis.
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HOW ENVIRONMENTAL REGULATIONS AFFECT

PRODUCTIVITY OF U.S. AND MEXICAN PRIMARY

IRON & STEEL AND ALUMINUM iNDUSTRIES

Chapter 1: INTRODUCTION

The economic growth of last century may have come at the expense of

environmental degradation. Increasing pollution and consequent health and ecosystem

problems, led to the increased social awareness, and, as a result, to the strengthening

of environmental regulations and enforcement practices all over the world. However,

there are substantial differences between the timelines, methods and levels of

enforcement activities undertaken in various countries. One of the most controversial

issues surrounding the 1994 North American Free Trade Agreement (NAFTA) was the

potential role of Mexico as a "pollution heaven". The argument was that lower

environmental standards in Mexico relative to the U.S. and Canada would result in

industrial production migrating from NAFTA's northern partners to Mexico

(Grossman and Krueger, 1993). Over time, this process would be manifested in higher

levels of productivity growth in Mexican industries facing lower environmental

standards.

The objective of this study Is to compare the relative productivity growth of

U.S. and Mexican primary iron & steel (IS) and aluminum (AL) industries, RAMA

3411 and RAMA 3423 correspondingly (according to Mexican Economic Census

1975 industrial classification). For this purpose we estimate dual and primal total

factor productivity (TFP) growth rates using restricted translog cost function with

measure of environmental regulations as an argument. The impact of environmental

regulations on TFP growth rates is computed as a difference between TFP growth

rates from the restricted cost function with environmental regulations as an argument

and restricted cost function without environmental regulations. We also estimate the

relative effect of environmental regulations on restricted costs of two countries using
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the gap between their TFP growth rates and the partial elasticity of restricted costs

with respect to environmental regulations.

In Chapter 2 we review the historical approaches to the measurement of

environmental regulations impact on productivity, discuss extant economic studies

related to our research, and the development of environmental regulations in the U.S.

and Mexico. In Chapter 3 we present industry profiles of U.S. and Mexican IS and

AL industries, which includes the descriptions of production technologies, economic

trends, and trade. Theoretical and econometric frameworks are presented in Chapter 4

and Chapter 5, respectively. The detailed results of our study are discussed in Chapter

6. The main results and implications are summarized in Chapter 7.
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Chapter 2: Background

The North American Free Trade Agreement (NAFTA), ratified by the U.S. in

January 1994, brought to public attention question of the impact of trade on

environmental protection in countries with different levels of economic development.

In 1990, the United States was one of the wealthiest nations in the world with a

substantial regulatory and industrial infrastructure dedicated to the environmental

protection. On the other hand, Mexico was a middle-income country just emerging

from a severe economic crisis with environmental standards perceived to be low or

non-existent (Husted and Logsdon, 1997).

There was a hotly debated view that with NAFTA's passage Mexico might

become a "pollution heaven" for the U.S. manufacturers, given its lower

environmental standards compared to the U.S. and Canada (Gilbreath and Tonra,

1994; Husted and Logsdon, 1997; and Shatan, 2000). Pollution abatement

expenditures can be a significant part of production costs (especially for highly

regulated industries), so for U.S. manufacturers the opportunity to produce at lower

costs and higher profits might drive industries to Mexico. The opposing view was that

economic growth resulting from free trade would bring greater resources available for

environmental protection and increasing demand for cleaner environment from more

prosperous Mexican consumers (Grossman and Krueger, 1993).

The question of the impact of environmental regulations on the productivity

growth is not new. Many researchers were connecting the sharp decline in U.S.

productivity growth of 1970's with the increased level of environmental regulations

(Denison,1979; Christainsen and Haveman, 1981). For example, Christainsen and

Haveman (1981) estimated that 8-12 percent of the decline in productivity growth

over all U.S. manufacturing industries during 1970's was due to the environmental

regulations.
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There are several reasons why environmental regulations might lower

productivity growth (Jaffe et aL, 1995):

environmental regulations divert inputs from production of measured

outputs to tasks required to comply with regulations, thus resulting in

decreased productivity;

if firms change production practices in response to regulatory

demands, these new practices may be less efficient than the old ones;

many environmental regulations have a new-source bias and may

discourage investment in new, more efficient technologies;

firms divert funds from spending on productive investments to pay for

pollution abatement;

requirements that firms use "best available control technology" for

pollution abatement may discourage research and development efforts

to find new pollution control or prevention approaches.

In 1990's Porter arid van der Linde (1995) proposed an alternative to this

traditional view with a revolutionary "win-win" hypothesis. Porter and other "win-

win" theorists argued that, in a non-optimizing world, regulation may lead firms to

develop innovative offsets that can not only lower the net cost of meeting

environmental regulations, but can even lead to absolute advantages over firms not

subject to similar regulations.

The measurement and analysis of productivity growth is one of the widely

used economic approaches in understanding the effect of environmental regulations.

There are two basic approaches to the measurement of productivity. The "growth

accounting" approach relies on neoclassical production theory under constant returns

to scale. In this approach productivity growth is calculated as the arithmetic residual

after share-weighted input growth rates are subtracted from the output growth rate

(Denison, 1979; US Bureau of Labor Statistics). The econometric approach estimates

productivity growth as an econometric residual after the estimated effects of all

measurable inputs on output have been allowed for (Jorgenson and Griliches, 1967;
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Jorgenson and Stiroh, 2000). In both of these approaches, much attention has focused

on the difficulties of appropriately measuring both inputs and outputs, especially in

measuring capital stocks or environmental inputs.

2.1 Literature review

Several studies focus on the perceived productivity decline of 1970s in the

United States, attempting to assess what portion of the decline can be attributed to the

increased environmental regulations. For all manufacturing the estimates of the

decrease in productivity growth due to the environmental regulations vary between 8

and 16 percent (Jaffe et al., 1995). However, there appear to be differences across

industrial sectors. Most of the researchers (Crandall, 1981; Jorgenson and Wilcoxen,

1990; Gray and Shadbegian, 1995; and Robinson, 1995) found that the productivity

has declined more sharply in industries more strongly affected by pollution control

regulations, such as: electric utilities, paper and pulp, chemicals, and basic metals

(Jorgenson and Wilcoxen, 1990; Crandall, 1981; and Robinson, 1995). For example,

Gallop and Roberts (1983) found that the productivity of electric utilities industry

declined by 44 percent due to environmental regulations. Below we review some of

the most relevant to our research studies of the effect of environmental regulations on

the productivity growth of U.S. basic metals industries (these studies are also

summarized in Table 2.1).

Barbera and McConnell (1990) used time series approach to estimate

unrestricted translog cost function and the impact of environmental regulations on

productivity growth in five polluting U.S. industries - paper, chemicals, stone, clay

and glass, iron and steel, and nonferrous metals. The authors distinguished direct and

indirect effects of abatement capital expenditures on total factor productivity growth.

Direct effects refer to the costs associated with inputs diverted to produce

environmental services, Indirect effects capture the costs necessary to make changes in

production technology in order to incorporate a stock of abatement capital required by

regulations. They found that the net effect (the summation of direct and indirect



effects) of environmental regulations on total factor productivity (TFP) growth was

fairly small, about 10-30% (it was about 10.8% in iron and steel industry) of the

productivity decline of the I 970s, For nonferrous metals the authors found a positive

effect of environmental regulations on productivity (about 1.7%).

Gray and Shadbegian (1995) used the Cobb-Douglas production function to

estimate the effects of environmental regulation measures (mainly pollution abatement

operating costs) on TFP growth for three industries (paper, oil, and steel) for 1979-

1990 with plant level data. They found that the $11 spending on abatement costs is

associated with the equivalent of $3.28 in higher costs for steel mills. However, they

used the pooled data approach for their analysis and may have obtained biased results,

because they did not account for plant specific differences. The effects of other

environmental regulation measures such as compliance status, enforcement activity

and emissions were found to be insignificant.

Joshi et al. (2001) found even greater costs ($l0-$l1) associated with $1

increase in abatement costs in iron and steel industry. They used plant level pooled

data as Gray and Shadbegian (1995). The main difference between these two studies is

that Joshi et al. (2001) estimate more sophisticated unrestricted translog cost functions

and associated share equations in measuring the effects of pollution abatement costs

on productivity growth. Another difference is that Joshi et al. (2001) estimates

separate models for two types of plants: integrated mills, which produce steel from

iron ore using the basic oxygen furnace (BOF) technology, and mini-mills, which

produce steel by recycling scrap using electric arc furnace (EAF) technology. They

find about 10 percent larger negative impact of pollution abatement on costs in mini-

mills.

Morgenstern et al. (1998) challenge the results of Gray and Sbadbegian (1995);

and Joshi et al. (2001) using afixed-efjècts model to estimate the change in total costs

associated with $1 increase in environmental regulations for a number of industries

including iron and steel for 1979-199 1 with plant level data. They estimate

unrestricted cost functions and associated share equations as Joshi et al. (2001) with

some differences in share equations specification. They use both pooled and fixed-
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effect approaches. They conclude that the pooled model consistently shows larger

additional burdens than the fixed-effects approach. Pooled model generates an

aggregate estimate of $2.73 in higher costs for every additional dollar of reported

regulatory expenditures, whereas with fixed-effects model it is $0.82. For iron and

steel industry a $1 increase in abatement expenditures generates $1.41 increase in total

costs according to the fixed-effects model and $3.28 using pooled data approach. The

authors preferred fixed-effects model because of the omitted variable bias

characterizing differences among plants.

Table 2.1 Summary of studies of Effects of Environmental Regulations on TFP for
Basic Metals Industries of U.S.

Study Time period Results
of analysis

Barbera and McConnell, 1990 1970-1980 10.8% TFP decline in iron and
steel industry and 1.7% TFP
increase in nonferrous metals
industries is attributed to the
increased environmental
regulations

Gray and Shadbegian, 1995 1979-1990 $3.28 increase in total costs for
each $1 spent on abatement in
iron and steel industry

Joshi, Krishnan, and Lave, 1979-1988 $10-sill increase in total costs
2001 for each $1 spent on abatement

in iron and steel industry
Morgenstern, Pizer, and Shib, 1979-1991 $1.41 increase in total costs for
1998 each $1 spent on abatement in

iron and steel industry

An extensive literature search indicates that there are no previous studies of the

effect of environmental regulations on TFP growth of Mexican basic metal industries.

The closest to our research is the study by Alpay et al. (2002), who estimate restricted

profit function to compare dual and primal TFP growth in U.S. and Mexican food

processing sectors for 197 1-1994. They used the number of yearly inspections by

Mexican environmental authorities as a proxy for pollution abatement costs for



Mexican model and pollution abatement operating costs from U.S. Census Bureau's

PACE surveys for U.S. model. They found no significant effect of pollution abatement

operating costs on TFP growth in U.S. food manufacturing, and in Mexican food

manufacturing they found positive effect of number of inspections on productivity

growth. This result supports Porter's "win-win" hypothesis.

2.2 Environmental issues

In the last century quickly growing industrial sectors of economy became a

reason for environmental degradation. This led to increased social awareness and to

the increased environmental regulations and enforcement practices all over the world.

Mexico and U.S. were not exceptions, but there may be substantial differences in

timelines, methods, and levels of enforcement activities undertaken in the two

countries.

2.2.1 Environmental policy

For purposes of examining the link between environmental policy instruments

and technological change, policies can be characterized as either command-and-

control or market-based. Market-based instruments are mechanisms that encourage

behavior through market signals rather than through explicit directives regarding

pollution control levels or methods. These policy instruments, including pollution

charges, subsidies, tradable permits, and some types of information programs, are

described as "harnessing market forces". If they are well designed and implemented,

they encourage firms to undertake pollution control efforts that are in their own

interests (Jaffe et al., 2003)

Conventional approaches to regulating the environment are often referred to as

command-and-control regulations. Such regulations tend to force finns to take on

similar shares of the pollution-control burden, regardless of costs. These regulations

do this by setting uniform standards for firms, the most prevalent of which are



performance- and technology-based standards. A performance standard sets a uniform

control target for firms (for example: emissions per unit of output), while allowing

some latitude in how this target is met. Technology-based standards specify the

method and sometimes the actual equipment that firms must use to comply with a

particular regulation.

All of these forms of intervention have potential for inducing or forcing some

amount of technological change, because by their very nature they induce or require

firms to do things they would not otherwise do. However, it is believed that market-

based instruments allow greater flexibility in innovation possibilities, than command-

and control standards (Jaffe et aL, 2003).

2.2.2 Environmental regulations in the US.

The Environmental Protection Agency (EPA), established in July of 1970,

develops and enforces regulations to implement environmental laws enacted by the

U.S. Congress. EPA is responsible for researching and setting national standards for a

variety of environmental pollutants. EPA delegates to states and tribes the

responsibility for issuing permits and for monitoring and enforcing compliance. Where

national standards are not met, EPA can issue sanctions and take other steps to assist

the states and tribes in reaching the desired levels of environmental quality.

For the past thirty years, the U.S. basic metal sector has been influenced by a

growing set of government regulations and initiatives. Penalties for violations of

environmental regulations have increased significantly and include criminal

enforcement measures (Cyert and Fruehan, 1996). The major regulations affecting

basic metals manufacturing in the order in which they became effective:

1970 Occupational Safely and Health Act. This act set standards for safety

and health in plants. Major investments have been made to improve

workers' health and safety.
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1970 Clean Air Act. This act and subsequent amendments established

National Ambient Air Quality Standards and technology-based emissions

standards. Basic metal industries had to reduce emissions of sulfur dioxide,

particulate matter, and toxic releases.

1972 Clean Water Act. This act arid subsequent amendments established

water quality standards and technology-based discharge standards. Water

pollution control standards are set by the states, with EPA approvaL

1980 Comprehensive Environmental Response, Compensation and

Liability Act (CERCLA or Superfund). This act established liability of

persons responsible for hazardous waste releases for cleanup of existing

toxic waste sites and a trust fund to provide for cleanup when no

responsible party could be identified.

1982 Resource Conservation and Recovery Act (RCRA). RCRA established

cradle-to-grave regulation of toxic waste sites. RCRA regulates the

generation, transportation, storage, usage, and disposal of hazardous

material. Dusts, sludge, and some slag are of particular concern in basic

metals sector.

1986 Superfund Amendments and Re-authorization Act (SARA). SARA

revised requirements and funding. Title 3 requires that plants report their

environmental discharges.

1990 Clean Air Act. This act sets emissions standards for toxic pollutants.

Over the past decades the costs associated with pollution abatement regulations

have been substantial in IS and AL industries. U.S. IS industry spent over $17 billion

on pollution abatement operating costs (PAOC) and over $7 billion on pollution

abatement capital expenditures (PACE) in real terms (with 1980 as a base) since 1973-

1999 excluding 1987 and 1995-1998. Data for 1987, 1995-1998 is unavailable because

U.S. Census Bureau did not conduct Pollution Abatement Costs and Expenditures

surveys for these years. For the same period in U.S. AL industry PAOC was close to

$4 billion and PACE was about $2 billion in real terms. PAOC and PACE of IS and
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AL industries are depicted in Figure 2. la and b correspondingly. In Table 2.2 we

present average annual change rates in PAOC and PACE for selected periods.

Table 22 Average Anmial Change in PAOC and PACE

Sub-period
Iron and Steel Aluminum

PAOC PACE PAOC PACE
1973-1981 0.12' -0.042 0.093 0.072
1973-1994 0.042 0.011 0.262 0.19(
1982-1994 -0.01( 0.04f 0.375 0.26

1999 0.277 -0.462 0.892 6.204
1973-1999 0.053 -0.011 0.292 0.47(

The data reveal that for 1973-1999 PAOC was increasing by 5.3% yearly in IS

and by 29.2% in AL. In average PACE was decreasing in IS by 1.1% annually and

increasing by 47.6% in AL. However we noticed that just from 1994 to 1999 in AL

PAOC and PACE increased by 89.2% and 620% respectively, which significantly

affected the average annual figures. For 1973-1999 PAOC and PACE in IS were

increasing by 4.2% and 1.1% correspondingly. In AL industry PAOC was increasing

by an average 26.2% annually and PACE was increasing by 19%. This suggests that

pollution abatement operating costs and capital expenditures were increasing in a

higher average rate in AL than in IS. PAOC was increasing at higher rate in IS than in

AL only during 1973-1981. The most striking difference is the decrease in PACE by

46.2% from 1994 to 1999 in IS compared to 620% increase in AL.
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Ferrous metals manufacturing is considered one of the dirtiest in U.S.

economy. It ranks first in releasing carbon dioxide (CO) emissions (about 1.5 million

tons in 1995) followed by pulp & paper (624,291 tons) and nonferrous metals

(448,758 tons)'. It ranks third in releasing nitrogen dioxide (NO2) emissions (138,985

tons), fourth in particulate matter (PT) emissions (83,017 tons), fifth in sulfur dioxide

(SO2) emissions (238,268 tons), and eighth in volatile organic compounds (VOC)

emissions (82,292 tons). Similarly, nonferrous metals rank seventh in NO2 emissions

(55,658 tons), ninth in PT emissions (22,490 tons), fourth in SO2 emissions (373,007

tons), and thirteenth in VOC emissions (27,375). Basic metals are also known for

large toxic releases. Ferrous metals rank first in toxic releases (695 million lbs. in

1993), followed by petroleum refining (482 million lbs.) and organic chemical

manufacturing (438 million lbs.). Nonferrous metals ranked fourth with 281 million

pounds of toxic releases2.

2.2.3 Environmental regulations in Mexico

In the course of four decades (1940-1980), Mexico's national development

strategy was focused on boosting industrialization through the substitution of imports,

which resulted in extensive exploitation of natural resources and high levels of

pollution (Truett and Truett, 1989; and Husted and Logsdon 1997). Environmental

concerns were a low priority for Mexico's government until the administration of

President Miguel de Ia Madrid (1982-88).

The background of the environmental policy in Mexico goes back to the

1940's when Soil and Water Conservation Law was enacted, followed by

Environmental Pollution Prevention and Control Law three decades later (in 1971). It

was created in response to international pressure for environmental change, but it

represented little more than the establishment of administrative regulatoiy power

under the central government (Munirne, 1992). The first environmental agency, Sub-

'U.S. EPA Office of Air and Radiation, AIRS Database, May 1995.
2 U.S. EPA, Toxic Release Inventory Database, 1993.
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secretariat for Environmental Improvement (Subsecretaria de Mejorainiento del

Ambiente, SMA), was formed in the Ministry of Health and Care in 1972. The

agency had little impact on halting environmental deterioration, even in Mexico City

where most of its efforts were directed. The SMA was not oriented toward inspection

or enforcement (Husted and Logsdon, 1997).

In December 1982, De la Madrid's government created a new federal

environmental agency, the Secretaria de Desarrollo Urbano y Ecologia (SEDUE), with

more authority than the SMA, but only very modest resources were allocated to it.

SEDUE suffered from very high turnover in its top leadership, having four ministers

during De Ia Madrid's term of office. However, it was during this period that a latent

environmental movement began to surface among the intellectual elite and within the

middle-class (Husted and Logsdon, 1997).

In 1988 a major change was made to the environmental legislation with the

new General Law of Ecological Equilibrium and Environmental Protection to it. In

many ways this new law was patterned after U.S. statutes. The Law established some

specific environmental standards for the first time and gave SEDUE the authority to

develop other regulatory standards. The law also established a "police" approach to

regulatory enforcement for the first time, with strict fines and even jail terms for

violations. However, SEDUE's budget still remained very low only $4.3 million in

1989. As a result environmental rhetoric and rules were developing but without

resources to implement them (Husted and Logsdon, 1997).

A major shift towards increasing environmental regulation and enforcement

occurred in early 1990's (Newman, 1993). The budget of SEDUE increased

dramatically from $4.3 million in 1989 to $66.8 million in 1992, the number of

enforcement and inspection personnel increased from 81 in 1989 to 250 in 1992. A

doubling of the number of inspections occurred in 1991 over 1990, and the 1992 data

indicate another 19 percent increase (see Figure 2.2).
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In May 1992, a new agency at the cabinet level, the Secretariat of Social

Development (SEDESOL), was created. This structural change was intended to

increase the visibility and authority of environmental regulators. The National Institute

of Ecology (NE) was given the responsibility for creating regulations and approving

permits. New Federal Attorney's Office for Environmental Protection (PROFERA)

was given the authority to inspect, fine, and even close plants found in violation of the

regulations developed by the NE. PROFERA had a major impact on the regulatory

activity. According to a 1992 survey by the American Chamber of Commerce of

Mexico, companies reported an average 85 percent increase in environmental

expenditures over the previous five years (Askari, 1993).

In December 1994 President Zedillo created a new cabinet-level environmental

department, the Secretariat of Environment, Natural Resources, and Fishing

(SEMANRAP). SEMANRAP includes the National Institute of Ecology (NE) for



standard-setting, PROFERA for enforcement, and several other agencies focused

specifically on natural resources, water, and fishing (Husted and Logsdon, 1997).

On November 2000, SEMARNAP was restructured and renamed to Secretariat

of the Environment and Natural Resources (SEMARNAT). The environment is now

considered as an essential issue in the work agendas of the three government

commissions: Social and Human Development, Order and Respect, and Growth and

Quality (www.semaniatgoh.mx, 5/19/2005).

Schatan (2000) ranked Mexican manufacturing industries by their pollution

levels (TabIeA-1). According to her study, nonferrous metals ranked fourth and

ferrous metals ranked eighth. A study by Gallagher (2000) estimates pollution levels

and intensities (defined as amount of a certain pollutant per ton of output) of the

Mexican most polluting industries for selected pollutants in 1997 and provides

Mexico-U.S. pollution intensity ratios for these industries. According to this study

Mexican ferrous metals are responsible for about 10,000 tons of CO emissions, 6,000

tons of PT emissions, 6,000 tons of NO2 emissions, and 14,000 tons of SO2 emissions.

Mexican nonferrous metals released approximately 3,000 tons of CO, 3,200 tons of

PT, 8,000 of NO2, and 7,000 of SO2. The results for Mexico-U.S. pollution intensity

ratios are surprisingly in favor of Mexican ferrous and nonferrous metals. They show

that in average U.S. industries are 2 to 14 times more polluting than the Mexican ones

depending on the pollutant (see Table 2.3). This can be explained by the fact that

Mexican industries embody newer technologies (Gallagher, 2000).

Table 2.3 Mexico/US Pollution Intensity Ratios, 1997

Mexico/US CO PT NO2 SO2 US/Mexico CO PT NO2 SO2

ratio_______ ratio
Ferrous 0.3 0.35 0.15 0.3 3.33 2.86 6.66 3.33

Nonferrous 0.07 0.5 4 0.4 14.3 2 0.25 2.5
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Chapter 3: Industry profile

Primary iron & steel (IS) and aluminum (AL) industries are categorized by the

Mexican Classflcacion Mexicana de Actividads y Productos (CMAP) under code 37,

basic metals industries (Table 3.1). Basic metals industries are divided into ferrous

(CMAP, 3710) and nonferrous metals (CMAP, 3720). IS is a ferrous industry and AL

is a nonferrous industry.

The classification systems of U.S. (Standard Industrial Classification, SIC) and

Mexico (CMAP) were different until the adoption of North American Industry

Classification System (NAICS) in 1997. In this research, we combine industries at the

six-digit NAICS, four-digit SIC and six-digit CMAP codes into the four-digit Mexican

Census Industrial codes (RAMA). See Table 3.1 for more details.

Table 3.1 Mapping between RAMA, CMAP, SIC and NAICS

Industry name Census Census Standard North
Industrial Industrial Industrial American

1975 1980 Classifica Industrial
(RAMA) (CMAP) tion Classification

(SIC) System
(NAICS)

Basic Metals 34 37 33 331

Ferrous metals 3410 3710 -

-Primaryironandsteel 3411 371001 3312 (99%)' 331111
(Blast furnace, steel mills, 371002 3313 (25%) 324199
and electrometallurgical 371003 331112
products) 371004 (3%) 331492

Nonferrous metals 3420 3720 - -

-Aluminum 3423 372005 3334 331312
(ingots, sheet, plate, foil, 3353 331315
extruded products, rolling 3354 331316
anddrawing) ----

- ____ 3355 (78%) 331319
Sources: U.S. Census Bureau, 1997 Economic Census: Bridge Belween SIC and NA1CS

(http jde '7 LF97V 1-iPvl 81212005) Instituto Nacional de
Estadistica, Geografia e Informatica (Mexico), Sistema de Cuentas Nacionales de Mexico:
Indicadores de Ia Actividad Industrial, 1997.

Footnotes: 'In parenthesis we provide percentage plants of NAICS industry that were previously
classified under given SIC industry.
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The IS industry produces iron and steel mill products (bars, strips, and sheets),

byproducts (coke, products derived from chemical recovery in the coking process such

as coal tar and distillates), and non-steel electrometallurgical products (ferroalloys).

The AL industry produces ingots of pure (greater than 99%) aluminum, aluminum

sheets, plates and foil, aluminum extruded products, and aluminum shapes. The

automotive and construction sectors are the two largest consumers of the IS and AL

products. Containers and packaging is another leading end-user of AL products.

3.1 Production technology

3.1.1 Iron and steel industry

There are three main technological processes currently used in global steel

manufacturing: open hearth furnace (OH), basic oxygen furnace (BOF), and electric

arc furnace (EAF). In the OH a long, shallow charge bath of iron-bearing materials is

heated by radiation from a flame. The main fuel used is natural gas. OH was once

dominant in steel production. In 1955, the share of steel produced using OH was

above 95 percent in the U.S. OH was responsible for huge amounts of sulfur dioxide

emissions, thus with the increased environmental regulations this technology became

very inefficient and lost its market to the relatively newer 130F and EAF technologies

(Russell and Vaughan, 1976). The last OH plant in the U.S., at Geneva Steel, was

closed in 1991 (Cyert, 1996). The plants using BOF technology are known as

integrated producers of iron and steel and the plants using EAF technology are

referred to as mini-mills. The key difference between the two is the type of iron

bearing feedstock consumed. In an integrated works, iron ore is primarily used, with a

smaller quantity of scrap. Mini-mills use mainly scrap steel, or, increasingly, other

sources of metallic iron such as directly reduced iron.

In integrated mills, coke making and iron making precedes steel making

process (Diagram 3.1). For mini-mills these operations are not required (Diagram
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3.2). Casting and forming & finishing operations following steel making process are

common for both mills.

Diagram 3.1 Processes of integrated steel mills

Coke making Iron making Steel making Casting
Forming and

finishing

Diagram 3.2 Processes of mini-mills

Steel making Casting
I Forming and

finishing

Coke, which is the fuel and carbon source, is produced by heating coal in the

absence of oxygen at high temperatures in coke ovens. The high temperatures liberate

the oils and tars, and drives off nitrogen and sulfur compounds leaving a relatively

pure carbon. Heating carbon, iron ore, and limestone in a blast furnace produces

molten iron, often called "pig iron".

In the BOF, atmospheric oxygen is blown through molten pig iron. The oxygen

burns off most of the carbon and the heat of that reaction supplies energy to maintain

the required temperature to convert pig iron into steel. Various alloys are added to

furnace to produce different grades of steel. In EAF the scrap is melted and refined

using electric energy.

The molten steel from either process is formed into ingots by pouring hot metal

into molds and allowing it to cool and solidify. This method of forming is known as

ingot teeming technology. The alternative method is called continuous casting, which

accounted for more than 86% of raw steel produced in the U.S. in 1992, compared

with approximately 30% in 1982. The continuous casting process bypasses several

steps of the conventional ingot teeming process by casting steel directly into semi-

finished shapes.

The steel is further processed to produce slabs, strips, bars, or plates through

various forming operations. The most common forming operation is hot rolling, where



heated steel is passed between two rolls revolving in opposite directions.

In Table 3.2 we present BOF and EAF shares in steel production of U.S. and

Mexico for 1994-2002. In 1994, when NAFTA was passed, 62.6% of steel in Mexico

was produced with EAF technology, whereas in the U.S. only 39.3% was produced

with EAF. Given that the production costs in EAF facilities are lower than in BOF

facilities (Cyert, 1996), one may assume that Mexico's iron and steel industry has

technological advantage over U.S. iron and steel industry. However, this does not

necessarily mean that Mexico's iron and steel has a comparative advantage over U.S.

steel, because other factors, such as industry size and government policy, are also

important. By 2002, the share of steel produced with BOF technology in the U.S.

reached 50.4%, which indicates that U.S. iron and steel is moving towards lower cost

production technology. In Mexico the share of steel produced with EAF technology

was also increasing. In 2002, it accounted for 70.6% of total production of steel.

Table 3.2 Production of Steel by Process, 1994-2002

In thousands of metric tones Percentage in total production
Year U.S. Mexico U.S. Mexico

BQF EAF BOF EAF BOF EAF BOF EAF
1994 55,364 35,880 3,834 6,426 60.7 39.3 37.4 62.6
1995 56,720 38,471 4,542 7,606 59.6 40.4 37.4 62.6
1996 54,824 40,711 4,731 8,441 57.4 42.6 35.9 64.1

1997 55,387 43,099 4,964 9,254 56.2 43.8 34.9 65.1

1998 54,146 44,513 4,960 9,253 54.9 45.1 34.9 65.1

1999 52,365 45,063 5,245 10.054 53.7 46.3 34.3 65.7
2000 53,953 47,850 5236 10,350 53.0 47.0 33.6 66.4
2001 47,359 42,745 4,771 8,529 52.6 47.4 35.9 64.1

2002 45,463 46,124 4,117 9,894 49.6 50.4 29.4 70.6
Source: International Iron and Steel Institute, Steel Statistical Yearbook 2004

One other reason, besides low costs of production, moving iron and steel

industry towards BOF production technology is considerably lower pollution levels

(EPA Office of Compliance, I 995a). With increasing environmental regulations,

lower pollution might mean lower abatement costs and higher profits. Table3.3

compares pollution per one tone of steel production with BOF and EAF technologies.
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Table 3.3 Amount of Pollution Per One Tone of Steel Production with BOF
and EAF Technologies

Pollutants Unit BOF EAF

Wastewater (suspended solids, oil, NH3) M3 3 2

Suspended solids kg 1.6 -

Oil kg 0.95 0.8

Ammoniacial nitrogen kg 0.11 -

Phenols, meths, cyanides kg 0.008 -

Carbon monoxide (CO) kg 28 2.5

Carbon dioxide (CO2) kg 2300 120

Sulphur dioxide (SO2) kg 2.2 0.06

Volatile organic compounds (VOC) kg 0.3 -

Nitrogen oxides (NOx) kg 2.3 0.5

Particulate matter (PM) kg 1.1 0.165

Slag kg 455 146

Dust/sludges kg 56 21.5

Millscale kg 16 16

Refractory kg 4 17

Other (metals, H2S) kg 0.065 -

Other kg 54 3

Source: International Iron and Steel Institute, "Steel Indus fry and the Environment: Technical and
Management Issues", Technical Report No.38, Industry and Environment, United Nations Environment
Program (UNEP), 1997

3.1.2 Aluminum industry

Aluminum industry is subdivided into two categories: primary and secondary.

Primary aluminum is produced directly from mined ore. Secondary aluminum is

produced from scrap.

In general primary aluminum is produced in tbree steps, First, alumina

(aluminum oxide) is extracted from bauxite ore using the Bayer process. Alumina is a

fine white powder that consists of about equal weights of aluminum and oxygen. In

the second step, the alumina is reduced to make pure molten aluminum. The second

step requires large amounts of electricity (six or seven kilowatts of electricity per
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pound of aluminum produced). The third step consists of either mixing the molten

aluminum with other metals to form alloys of specific characteristics, or casting the

aluminum into ingots.

In the secondary production of aluminum, scrap is usually melted in gas- or

oil-fired reverberatory furnaces. Another method of secondary aluminum recovery

uses aluminum dross as the charge instead of scrap. Dross is a thick liquid or solid

layer that forms at the surface of molten aluminum, and is a by-product of melting

operations.

In Table 3.4 we provide information about the materials used and the pollution

created at each stage of primary and secondary aluminum production.

Table 3.4 Pollution Produced During Primary and Secondary Aluminum
Processing

Process Material Input Emissions and Wastes
Bauxite refining Bauxite, sodium Particulates and residue containing silicon,

hydroxide iron, titanium, calcium oxides, and caustic
Alumina Alumina slurry, Wastewater containing starch, sand, and
clarification and starch, water caustic
precipitation__________________
Alumina Aluminum Particulates and water vapor
Calcination hydrate
Primary Alumina, carbon Fluoride, both gaseous and particulates,
electrolytic anodes, carbon dioxide, sulfur dioxide, carbon
aluminum electrolytic cells, monoxide, C2F6, CF4. perfiourinated
smelting cryolite carbons (PFC), spent potliner, and K088
Secondary scrap Aluminum scrap, Particulates and HCL/C12 and slag
aluminum oil or gas, containing magnesium arid chlorides
smelting chlorine or other

fluxes
Secondary Aluminum dross, Particulates, wastewater, and salts
aluminum dross water
recycling
Notes: C2F6 is carbon hexatluride, CF4 is carbon tetrafluoride, K088 is a hazardous waste listed by
Resource Conservation and Recovery Act (RCRA), andHCL/C12 is hydrogen chloride.
Source: EPA Office of Compliance Sector Notebook Project: Profile of the Nonferrous Metals Industry,
1995.
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3.2 Economic trends

3.2.1 U S. Primaiy Iron and Steel

IS industry in U.S. is the biggest of basic metals industries, the average for

1958-2001 is about 55 percent of total basic metals' value of shipments. For 1959-

1974 the real value of shipments of U.S. IS industry grew at 3.5% average annual rate

(Figure 3.1). From 1975-1982 the real value of shipments declined at 7.8% average

annual rate. From 1974 to 1982 real value of shipments dropped by 53%. This was

mainly because of the decline of production from BOF plants. The main reasons for

the decline were slow growth in demand for steel, markets lost to other materials such

as aluminum, increased imports, and retirement of older, less efficient production

facilities (Cyert, 1996). The manufacturers also blamed increased environmental

regulations and high "legacy costs". Legacy costs are obligations to pay pensions and

health benefits to the retirees and their spouses. Some integrated companies have five

retired workers for every active employee (EPA Office of Compliance, I 995a).

In recent years, the IS industry has been regaining its market share. Continuous

improvements in labor productivity, investments in new equipment, automation, and

management restructuring have decreased costs of production. The increase in labor

productivity can be measured by changes in the real value of shipments per production

worker hour (Figure 3.3). On average this ratio was increasing by 2.3% annually for

1958-2001. This gain in labor efficiency resulted in significant decreases of

employment depicted in Figure 3.2. For 1958-200 1 number of production workers

was decreasing at 3% average annual rate. From 1965 to 2001 the number of

production workers was reduced by more than 78%.

The output price index in real terms in U.S. IS industry for 1958-2001 is

shown in Figure 3.4. On average the real output price was increasing by 0.1%

annually. The real output price was decreasing from 1985-1998 by 0.6% in average

annually. From 1999-2001 the price started to increase at 2.2% annual average rate.
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Figure 3.1 Real Value of Shipments of U.S. Primary Iron and Steel
Industry, 1958-2001 (Base= 1980)
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Figure 3.2 Number of Production Workers in U.S. Primary Iron and
Steel Industry, 1958-200 1

Sources: NBER-CES Manufacturing Industty Database, 2000, and
U.S. Census Bureau, Annual Survey of Manufacturers, 2001.
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Figure 3.3 Real Value of Shipments Per Production Worker Hour in
U.S. Primary Iron and Steel Industry, l958-2001(Base = 1980)
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Figure 3.4 Real Output Price Index in U.S. Primary Iron and Steel
Industry, 1958-2001 (1980=1)

Sources: NBER-CES Manufacturing Industzy Database, 2000, and
Bureau of Economic Analysis, www.bea.gov, 9/7/2005.



Most of the integrated IS mills (about 80 percent) in the U.S. are located in the

Six Great Lakes states: New York, Pennsylvania, Ohio, Indiana, Illinois, and

Michigan, with a heavy concentration of steel manufacturing in the Chicago area. The

South is the next largest steel-producing region, although there are only two ROE

plants. Steel production in the western U.S. is limited to one ROE plant and several

EAF plants. Historically, the mill sites were selected for their proximity to water

(tremendous amounts are used for cooling and processing) and the sources of their raw

materials, iron ore and coal. The geographic concentration of the industry continues to

change as minimills are built anywhere electricity and scrap are available at a

reasonable cost and there is a local market for steel (EPA Office of Compliance,

1995a).

3.3.2 US. Aluminum

Value of shipments in U.S. AL industry was increasing at 2.5% average annual

rate from 1958-2001. In contrast to the U.S. IS industry, the value of shipments

Increased almost 2.5 times since 1958 (Figure 3.5), which is explained by increased

demands in the beverage can stock and automotive sectors. At present, the automotive

sector is the largest end-user of aluminum followed by beverage can stock (EPA

Office of Compliance, 1995). The growth in value of shipments in aluminum industry

can also be explained by the fact that aluminum and steel are close substitutes:

decreases in demand for steel are accompanied by increases in the demand for

aluminum.

The number of production workers did not change much since 1958 in U.S.

aluminum industry (Figure 3.6). It grew close to 80,000 from 1958 to 1979, but during

1980-2001 the employment cut back close to its initial level in 1958 (50,000). On

average for 1958-2001 number of production workers was growing at a 0.3% annual

rate. The average annual growth rate of number of production workers from 195 8-

1971 was at 2.5%, for 1972-1981 it dropped to 0.9%, and from 1982-2001 the number

of production workers was decreasing at 1.5% average annual rate.
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Figure 3.5 Real Value of Shipments in U.S. Aluminum Industry,
1958-2001 (Base = 1980)
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Figure 3.6 Number of Production Workers in U.S. Aluminum
Industry, 1958-2001
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Figure 3.7 Real Value of Shipments Per Production Worker Hour in
U.S. Aluminum Industry. 1958-2001 (Base = 1980)
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The labor productivity of workers in U.S. AL industry in terms of real value of

shipments per production worker-hour was increasing at 2.3% average annual growth

rate, in average 0,4% slower annually than in U.S. IS industry for the same period

(Figure 3.7'). The highest labor productivity growth rate was recorded during 1972-

1981 (coinciding with the strengthening of environmental regulations), when the value

of shipments per production worker-hour was increasing on average by 3.9% annually.

The examination of real output price index in U.S. AL industry reveals that the

output prices were decreasing on average by 3.2% annually from 1958-1975. From

1976-2001 they were increasing by 1.8% annually (Figure 3.8). The majority of

primary aluminum producers in the U.S. are located either in the Northwest (39.1% in

1993) or the Ohio River Valley (31.1% in 1993), while most secondary aluminum

smelters are located in Southern California and the Great Lakes Region (EPA Office

of Compliance, 1995b).

3.2.3 Mexico 's Primary Iron and Steel

Mexico's steel industry has been marked by two major events in recent years:

the privatization of the state sector (starting from 1982) and the opening up of trade,

which culminated in the North American Free Trade Agreement (NAFTA). In

response iron and steel enterprises made changes in management and organization

(including staff adjustments), modernized their equipment, developed new products

and processes in the search for greater productivity and competitiveness (Hemandez,

2000).

The opening up of the Mexican economy began with membership in General

Agreement on Tariffs and Trade (GATT) in the mid-1980s. Tariffs were reduced from

around 35% to 10% by 1993 (Hernandez et al., 2000). When NAFTA came into effect

in 1994, provision was made for further tariff reductions of one percentage point each

year up to 2004, when the percentage would be zero. Mexico gained free access to the

markets of the U.S. and Canada with clearer rules than in the past.
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The main macroeconomic policy of 1990s was the reduction of inflation

through overvaluation of the national currency against the U.S. dollar. The pressure of

international competition on national producers was increasing, which resulted in

devaluation of peso in 1994 and the beginning of economic crisis of 1995. The

national consumption of steel declined by 35% during this period. But surprisingly,

the IS industry achieved a record level of production (Figure 3.9). This was because

devaluation made steel products more competitive in the internal and external markets,

enabling it to recover the ground lost in the national market and to develop exports

(Hernandez et aL, 2000). On average the real value of shipments of Mexican IS

industry was growing at 4.6% annually for 1963-2002. The average annual growth

rate was the highest during 1963-1981 (6.5%) and was the slowest during 1992.2002

(2.3%). The real value of shipments increased more than four times since 1963.

Number of production workers in Mexican IS industry was growing at 6.9%

average annual rate from 1963-1981 and it was decreasing on average by 5.2% from

1982-2002 (Figure 3.10). Thus the employment level in 2002 is at the same level as in

1963 (about 6,000 production workers). The number of workers was the highest in

1982 (over 19,000 production workers). The reasons for the post-1982 decline in

number of production workers in Mexican IS industry are increased labor productivity

and automation of previously manually done operations (Hernandez et al., 2000). The

labor productivity measured in real value of shipments per one worker-hour, as

depicted in Figure 3.11, was increasing at 3.6% average annual growth rate for 1963-

2002. The average annual growth rate of real value of shipments per one worker-hour

was negative 0.5 for 1972-1981, but for 1982-1991 it was positive 5.9%, and for 1992-

2002 it reached 7.7% points.
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Figure 3.10 Number of Production Workers in Mexican Primary
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Real output prices in Mexican IS industry were relatively stable from 1963-

1981 (Figure 3.12). In 1982 prices started to drop, which can be explained by the

beginning of privatization process of public sector and reduced government protection.

The output prices were dropping on average by 20.5% annually from 1982-1984. In

1985 real output prices increased 2.5 times compared to 1984 reaching unprecedented

high levels. However, real output prices did not stay there long, in 1987 they cut back

to the pre-privatization levels. From 1988-1994 real output prices were growing at

2.9% average annual rate, from 1995-2002 they were rapidly decreasing by average

10.6% annually. By 2002 steel prices have reached their lowest level in the history of

Mexican IS industry. The ability of Mexican IS industry to offer such low-priced

products is based on general reduction in costs (Hernandez Ct aL, 2000). The

comparison of real output price indexes of U.S. and Mexican IS industries during

1963-2001 reveals that prices of U.S. IS industry were relatively stable (Figure 3.13).

Mexican IS industry is centered in Monterrey, where the country's first steel

mills opened in 1903. Steel plants in Monterrey (privatized in 1986) and nearby



Monclova accounted for about half of Mexico's total steel output in the early 1990's.

Most of the rest came from two large plants in Sicartsa (Lazaro Cardenas-Las

Truchas) and Ahmsa (Altos Hornos de Mexico), which were privatized in 1991

(Country Studies US, 2003).

3.2.4 Mexico 's Aluminum

The real value of shipments of Mexican AL industry is depicted in Figure

3.14. The industry was rapidly growing from 1963-198 1 at 10.5% average annual rate.

It reached record levels in 1981 (almost 9 million new pesos in real terms, compared

to the 1.5 million in 1963). From 1982-1991 real value of shipments was decreasing at

6.9% average annual rate, but from 1992-2002 it started to grow on average by 4%

annually. Overall from 1963-2002 real value of shipments was increasing at 4.2%

average annual growth rate.

The number of production workers in Mexican AL industry was growing at

4.9% average annual rate from 1963-2002 (Figure 3.15). The most mysterious fact is

the 115% increase in the number of production workers in 1994 (it increased from

2,956 in 1993 to 6,373 in 1994). The only explanation we can provide here is the

change in the survey (Encuesta Industrial Mensual, INEGI), for example we noticed

that in 1994 the number of AL establishments surveyed by INEGI, recorded under

RAMA 3423 was 10, but for the same year under different classification system,

CMAP 372005 (1NEGI changed RAMA system to CMAP in 1994), the number of

establishments was 25.

From 1963-1985 labor productivity in terms of growth in real value of

shipments per production worker-hour in Mexican AL industry was increasing at 3.2%

average annual rate (Figure 3.16). In 1986 there was a big drop in real value of

shipments per one worker-hour (42.6°/h drop from the previous year). From 1987-1991

it continued to drop on average by 11.2% annually. From 1992-2002 it started to grow

slowly at 1.7% annually.
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Like in Mexican iron and steel industry the aluminum prices were relatively

stable from 1963-1981 (Figure 3.1 7). However, in contrast to the Mexican iron and

steel, the aluminum prices went up in 1982 by 16.9%. Starting from 1983 the

aluminum prices were decreasing at 8.4% average annual rate up until 1999. From

2000-2002 the prices were increasing at 3.7% average annual rate. We compare real

output price indexes of U.S and Mexican aluminum industries in Figure 3.18. The

most striking difference is in average decreasing aluminum prices in Mexico and

increasing aluminum prices in the U.S from 1983-2001. The same pattern is observed

in IS industry in post-NAFTA years.

3.3 Trade

The biggest issue in international IS and AL trade is the issue of fair trade. In

recent years U.S government has been applying tariffs on steel imports, thus creating

unfair trade with other countries. This policy is justified as an action against unfair
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trade on the part of other countries (including Mexico), which subsidize their IS

industries. Such subsidizing results in dumping (when the products are sold at less

than the costs of production) of steel products on U.S. markets, thus affecting the

competitiveness of U.S. producers (Rothbard, 1993).

U.S. is ranked number one as a net importer of steel, followed by China. In

2002 U.S. imports totaled 30.2 million metric tons and exports totaled 5.5 million

metric tons (net imports was 28.6 million metric tons). Mexico imported 5.8 million

metric tons and exported 4.7 (International Iron and Steel Institute, 2004). During

1995-1999 Mexico's net import was negative, mostly because the amount of imports

fell by more than 70 percent from 1994 to 1995 and the amount of exports increased

by almost 63 percent at the same time (as a consequence of 1994-95 devaluation

crisis). The situation changed in 2000 with a 300% increase in imports and a slight

decrease in exports (Table 3.5).

Table 3.5 Imports and Exports of Primary Steel Products in U.S. and Mexico,
1994-2002 (in Thousands of Metric Tons)

US Mexico
Year Imports Exports Net

Imports
Imports Exports Net

Imports
1994 27,526 3,656 23,870 2,698 2,242 456
1995 22,432 6,623 15,809 794 5,893 -5,099
1996 26,649 4,641 22,008 954 5,308 -4,354
1997 28,471 5,568 22,903 1,392 5,452 -4,060
1998 37,948 5,110 32,838 2,067 4,933 -2,866
1999 32,735 5,029 27,706 1890 5,164 -3,274
2000 34,754 6,011 28,743 5,548 5,137 411

2001 27,618 5,652 21,966 5,305 3,994 1,311

2002 29,963 5,507 24,456 5,769 4,672 1,097
Source: International Iron and Steel Institute, Steel Statistical Yearbook 2U04.

In the U.S. in average 0.9% of IS value of shipments and 2.5% of AL value of

shipments are exported to Mexico (average for 1996-2002). In Mexico 24.6% of IS

value of shipments and 8% of AL value of shipments are exported to U.S. The

bilateral trade between U.S. and Mexico in IS and AL products for 1996-2002 is



depicted in Table 3.6. U.S. net imports in IS from Mexico were positive from 1996-

2002, except of in 2001. U.S. AL exports to Mexico are dominating the imports by 14

times (average for 1996-2002). This indicates that U.S. has a comparative advantage

in AL production and Mexico, indeed, has a comparative advantage in IS production

(U.S. Census Bureau, 91912005).

Table 3.6 Bilateral Trade in Iron & Steel and Aluminum Products Between
U.S. and Mexico, 1996-2002 (in Thousands of U.S. Dollars)

Iron and Steel Aluminum

Year U.S.
Exports to

Mexico

U.S.
Imports

from
Mexico

U.S. Net
Imports

from
Mexico

U.S.
Exports to

Mexico

U.S.
Imports

from
Mexico

U.S. Net
Imports

from
Mexico

1996 327,576 665,89 338,323 454,833 36,312 -418,521

1997 321,688 745,38 423,701 511,47 34,618 -476,85(

1998 395,98( 742,513 346,528 737,808 36,025 -701,782

1999 423,662 768,495 344,833 757,365 57,50( -699,85

2000 579,947 770,803 l90,856 785,352 65,443 -719,90c

2001 682,99 543,73 -139,265 675,852 48,868 -626,98

2002 5l6,58 855,71( 339,12( 673,508 61,742 -611,76(
Source: U.S. Census Bureau, International Trade Data, SITC, bttp://censtats.census.gov

(9/9/05)
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Chapter 4: Theoretical Framework

4.1 Productivity growth

The concept of productivity stems from the amount of output that can be

produced from a given amount of inputs. Productivity growth can result in increases in

output produced with given levels of inputs, or decreases in inputs (and therefore

costs) used to produce a given amount of output. In this sense productivity growth is

desirable; the efficiency of production has increased, so society can obtain more goods

given available scarce resources (Morrison, 1999: p.25). Productivity growth

originates from the following three sources: (i) an increase in technical efficiency; (ii)

an improvement in scale efficiency; and (iii) technological progress.

Technical efficiency refers to the way the resources are utilized. Scale

efficiency occurs when increases in output result in decreases in longrun average

production costs. Technological progress refers to the changes in a production process

that come about from the application of scientific knowledge. Technological progress

in the production process can be realized in various ways at the firm level: through

improved methods of utilizing existing resources such that a higher output rate per unit

of input is obtained, often referred as disembodied technological change; through

changes in input quality, referred to as embodied technological change; or through the

introduction of new processes and new inputs (Antic and Capalbo 1988, p. 33).

The fundamental concept in measuring productivity growth is total factor

productivity (TFP). TFP is defined as the ratio of an index of aggregate output to an

index of aggregate input. The source of TFP growth is assumed to be the technological

progress. TFP growth can be measured in two alternative forms: i) as the output

growth induced by the improvements in technology, holding input levels fixed (primal

approach), ii) as cost reduction (profit growth) induced by improvements in

technology, holding input and output prices constant (dual approach).
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4.1.1 Primal measure of TFP growth

The measurement of the rate and direction of technological change rests

fundamentally on the concept of the transformation function (Jaffe et al., 2003),

T(Y,X,t)O, (4.1)

where V is output,X={XL, X XK} represents a vector of inputs, typically composed of

XL, labor, XM, materials, and XK, capital, and t is time, which is a proxy for state of

technology.

Equation (4.1) describes a production possibility frontier, the set of input and

output combinations technically feasible at a point in time. Technological change is

represented by movement of this frontier, making it possible over time to use given

input vectors to produce output vectors that were not previously feasible.

The firm's production technology can be written in a following manner:

Y= Y(X, t), (4.2)

The primal rate of TFP growth can be derived from (4.2) by taking natural

logarithm of both sides and differentiating with respect to time (Antle and Capalbo

1988, p. 35) as following:

denY -nYdX inY
=7

dt 'X1 dt ôt

(4.3 a)

or, noticing that oX, =X10nX and dX =X1di'nX, equation (4.3 a) can be rewritten as:

d?nY O?nY dnX, O?nY
+

dt OnX, dt
(4.3b)
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where i=L, M, K. and dfnY/dt, partial elasticity of output with respect to time, is

defined as scale effect. In equation (4.3) the partial elasticity of output with respect to

time, Ey = atnY/at, represents the primal TFP growth.

Under the assumption of perfect competition, profit maximizing behavior, and

a single output, first order conditions from profit maximization imply that price of

output is equal to marginal cost of production (Py =MC, where Py is the output price)

and input prices are equal to the value of their marginal products (W1 PY/aX, or
W/Py = 8Y/3X, where W is the price of i-th input). Having this in mind, one can do

the following transformations:

anY_L =s (4.4)
a.ex ax, Y PY

where S[ is the share of revenue spent on the I-th input.

The substitution of (4.4) into (4.3b) and rearranging the terms gives the primal

rate of technological change as:

dtnY-s denX1

at dt cit

(4.5)

According to the equation (4.5) the primal rate of technological change is defined as

the total rate of change in output less the rate of growth of inputs weighted by revenue

shares. Equation (4.5) recognizes changes in both output and all of the input factors.

4.1.2 Dual measure of TFP growth

Assuming a cost maximizing behavior subject to an output constrained,

economic theory states that there exists a cost function dual to the (4.2) production
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function that represents the same state of technology. The following formulation could

represent such a cost function:

C=C(W )t), (4.6)

where C = W'X (or C = E1WX) is total cost, W={WL, WM, WK] is a vector of input

prices (WL,WM, and WK are correspondingly labor, material, and capital prices). The

cost function in (4.6) is known as an unrestricted cost function, as opposed to a

restricted cost function, where one or more inputs are held fixed.

Following the same steps as in the derivation of primal measure of productivity

growth, the dual measure of productivity growth is derived by first, taking the natural

log of both sides of the cost function and than differentiating it with respect to time:

denC nC dY nC dW aenC
=

dt ôYdt 1W,dt dt
(4.7a)

by noticing that ÔY =Y&nY, dY =Yde'nY, aw1 W,&'nW1, and dW1 =W4e'nW1, equation

(4.7a) can be rewritten as:

denC aenC denY 3enC denW, aenC

dt nY dt
" W1 dt +

(4.7b)

where the partial elasticity of cost with respect to time, i = ?jThC/ôt, represents the

dual TFP growth.

From Shephard's Lemma, öC/ W1 is equal to X,, hence,

aenC 3C WX; - SC (4.8)

C
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where S1C is the share of expenditure on i-th input in total costs, defined as the

elasticity of total costs with respect to i-th input price.

tnC 3C Y

aenY
ecy, (4.9)

where e is elasticity of cost with respect to output. The inverse of is a measure of

returns to scale, which shows percentage change in output induced by one percentage

change in total costs.

Substituting (4.8) and (4.9) into (4.7b) and rearranging gives:

3t?nC dThC d?flYvsccth1w, (4.10)
dt dt

'

dt

In other words, the dual rate of technological change based upon the

unrestricted cost function is the rate of change in total costs not accounted for by

changes in scale effect multiplied with the inverse of returns to scale measure and

factor prices weighted with corresponding cost shares.

4.1.3 Relationship between primal and dual rates of TFP growth

The relationship between e and can be established as follows. First, taking

the total differential of C = with respect to time and transforming it into

logarithmic form gives (Antle and Capalbo, 1988, p. 36, eq. 2.11):

(4.11)
dl , ' dt dt

or, rewriting in terms of natural logarithms,
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denC WX, denX,
(4.12)

cit , C dt C cit

Second, substituting (4.12) Into (4.10) gives

W.X. deX, d?nY
, or (4.13)

C
C cit di

WX. dI?nX. dinY
(.'C di di

Third, after transfonning (4.5) the primal rate of technological change takes the

following form:

dinY C WX1 denX15=' di f',YC di' (4.15)

And finally, by substituting (4.14) into (4.15) and noting that C/PyY = (Scyf',

assuming a competitive market such that output price. Py, equals to the marginal cost,

ÔC/ÔY one obtains the following relationship between primal and dual rates of

technological change:

denY denY -1

dt
SCY \e +

di ) = 4.l6

So, the primal measure of productivity growth can be derived by multiplying

the negative of the dual measure of productivity growth with the inverse of the

elasticity of cost with respect to output. Note that the primal and negative of the dual

TFP rates are equal only if technology is constant return to scale (l/Scr 1).
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4.2 Restricted cost function

An important issue in economic literature concerning productivity is the

distinction between short run and long run. The problem arises with the assumption

that all the inputs instantaneously adjust to their long-run equilibrium level. But, in

short run exogenous shocks such as business cycle fluctuations, unexpected demand

shocks, or sudden changes in factor prices imply that quasi-fixed inputs, like capital,

may adjust only partially to their equilibrium levels (Berndt 1991; Berndt and Fuss

1986). This will result in higher or lower short run costs compared to the long run

equilibrium level, causing under- or over-utilization of capital respectively. Thus it is

common to distinguish short run (restricted) and long run (unrestricted) approaches to

measuring productivity growth.

Restricted or variable cost functions explicitly represent fixities, and so

represent short run costs. In the present ease, define the restricted cost function,

CR=CR(Y, Wb WM,K,t),

where K is capital stock.

(4.17)

By differentiating the natural fog of equation (4.17) with respect to time and

rearranging the terms, one will obtain the following expression for TFP growth rate:

CR ______
denCi? &enCR d?nY aenCR d(?nW êiInC? denK

C
at dt aenY dt

,
aenW, dt aenK dt

(4.18)

The expressions derived in (4.8) and (4.9) for input shares and elasticity of cost

with respect to output will remain the same, except of now C? = afnCR/5fnW

= SR and athCVafnY where 'R' superscript denotes restricted cost function

approach. Elasticity of restricted cost with respect to capital can be defined as:
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R
OnCl? aCR ZKK

(4.19)6K
&nK K CR CR

where ZK s3CR/oK is the shadow price of capital. In disequilibrium, firms do not

equate the value of the marginal product of the quasi-fixed inputs to their respective

market prices, but rather to their shadow prices (Bemdt and Fuss, 1986). By

substituting (4.8), (4.9), and (4.19) into (4.18) we will get:

I? dnKR denC' R denY - dnW
6K dt

' (4.20)_sY
cit di'

In other words, the dual rate of technological change based upon the restricted cost

function is the rate of change in total costs not accounted for by changes in scale, cost-

share weighted changes in variable input prices, and shadow cost weighted changes in

capital.

4.2.1 Properties of the restricted costfunction

A well-behaved restricted cost function, C' CR(Y, W1, K, t), must satisfy

the following properties (Morrison C.,1999, p. 248 and p. 25 1-252):

1. CR is a nonnegative function (CR > 0);

2. C' is non-decreasing in output (oC?/oY? 0);

3. CR is non-decreasing in non-capital input prices (oC]?/a W1 0);

4. C' is non-increasing in capital (ôCR/K i< 0);

5. CR is concave in non-capital input prices (the Hessian matrix is negative

semi-definite, in the case of two non-fixed inputs, the Hessian matrix is

two-by-two, so the necessary conditions are C'/52W1 0,

? 0, where i Lj, and i,j =

6. C' is convex in capital (ôCR/K> 0);
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7. CR is (positively) linearly homogeneous in non-capital input prices,

CYWWK) CR (V WL, WM, K, t) )C',for 0;

8. CR is continuous in non-capital input prices and continuous from below

in output;

9. Twice differentiability, C' is twice differentiable implying the

following conditions:

i) Shepherd's Lemma, C'/W1 = X and ôC?/ôK = ZK

ii) Symmetry of second partial derivatives of total costs with

respect to output, input prices, and capital.

In addition, the cost function can be checked for the homothetic separability of

inputs from output and capital, so that the expansion path is linear, CR CR(Y, WL,

K, t) = CR[J(Y ,K ,t), g(WL, WM, r)]; and Hicks neutrality of technological change with

respect to inputs. Hicks neutrality can be defined as the invariance of the expansion

path to technological change, which implies that technology is wealdy separable in

inputs, C? = CR[z(Y, WL, 14 K), tJ. The Extended Hicks-neutral technological change

implies strong separability of cost function, CR A(t).z(Y, WL, W K). If the

technology is homothetic, then Hicks neutrality implies extended Hicks neutrality, but

the converse is not true (Antle and Capalbo, 1988).

4.3 Environmental regulations

Environmental regulations have impacts on firms' behavior similar to capital

fixities; they are a rigidity that the firm has no control over even in the long run, so if

environmental regulations result in binding constraints there will be a cost associated

with it (Morrison, 1999: p.175). incorporating these impacts in a model of the

productive structure and productivity growth requires the following extension of the

restricted cost function:

CR = CR(Y, WL, W K, E, t), (4.21)



where E is the environmental input.

The dual rate of technological change in equation (4.20) can now be rewritten

in the following way:

d?nCR
R denY R denW, R dtnK R dE

-C S
cit dt dt dt

(4.22)

where ERE ônc/ôE = (8C1?/ÔE) (C'j = ZE(GRji is defined as partial elasticity of

restricted costs with respect to environmental input. ZE = (GJ?/E, is the shadow

price of environmental input. Thus, the dual rate of technological change based upon

restricted cost function is the rate of change in total costs not accounted for by changes

in scale effect, non-capital input prices, capital, and environmental input. The

relationship between primal and dual measures of TFP growth in the case when capital

is fixed and environmental regulations are included will remain the same as in (4.16).

The derivation is shown in Appendix A.

By substituting equation (4.20) into (4.22), we obtain the following connection

between dual TFP growth estimated without environmental regulations effect and dual

TFP growth estimated with environmental regulations:

6CE6CE (4.23)

4.4 Industry level TFP growth

All of the above productivity measures are derived for a single firm. It will be

wrong to use them for the estimation of industry level productivity unless we make

some assumptions. We will assume that all firms face the same output and input prices

and also that the primal TFP growth for industry is equal to the weighted sum of
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primal TFP measures of individual firms, where the share of firm's output in total

industry output is used as a weight:

e Iykk (4.24)

where Ey and y1' are correspondingly primal TFP growth rates of industry and k-th

firm (k 1,2,3,. . . ,N), Y and Y" are correspondingly outputs of industry and k-th firm.

Equation (4.5) can be rewritten as:

dnY' denX
(4.25)

di'
pyk

di'
yk

di'
yk

, P dt

By multiplying both sides of equation (4.25) by yk and substituting the

expression for Y1ck into equation (4.24) we get:

e (4.26)

k L di' P dt ) k di' Y k P di'

In equation (4.26) summation of changes in output of individual firms will be

equal to the industry output change. For simplicity we will assume only two inputs,

labor and material, and rewrite equation (4.26) as follows:

Y dt Y t P di' , P. di' ) di' YP k dt YP ,, di'

(4.27)

But the summation of changes in labor (material) over individual firms will

equal to the change in labor (material) of industry, thus the equation (4.27) will turn



51

into familiar to us expression (4.5), only now Y and X1 will represent correspondingly

industry output and inputs, and y will be primal TFP growth for industry.

For the derivation of dual TFP growth of industry we will use similar

assumptions, except of we will use share of cost of individual firm in industry cost as a

weight:

cc =-s ='C"c (4.28)

Following the same steps as during the derivation of industry level primal rate

of TFP, it is easy to verify that the expression in (4.10) can be used for industry level

dual TFP growth calculation. And, finally, equations (4.20) or (4.22) can be used for

industry level dual productivity estimation based on restricted cost function.
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5.1 Translog
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In the literature a number of alternative flexible functional forms (FFF)1 are

available. The transcendental logarithmic functional (translog) form is chosen to

represent the production technology of U.S. and Mexico's Aluminum and iron & Steel

industries.

L.Christensen, D.Jorgenson and L.Lau (1970) first introduced the translog in

1970 as a second-order Taylor's series approximation in logarithms to an arbitrary

cost function. The translog model has become increasingly popular in empirical

studies for its attractive properties: it does not impose restrictions on the degree of

returns to scale or on homotheticity. The translog of restricted cost function

representing equation (4.21) of Chapter 4 is:

fnC't 13o + I3YfflYt + 13L*flWLt + 13M*fflWMt + JK*fflKt + 13t*t + DE*Et

+ 0.5*[jyy*(fnYt)2 + LL*(fnWLt)2 + MM*(fflWMt) + j*(thKt)2

+ ft4t + EE*Et I + + YM*fflYt*thWMt

+ öYK*tflYt*flKt + yt*tflYt*t + yr*fflYt*Et + LM*CflWLt*fnWMt

+ oLK*fflWL*tflJc + Lt*fflWLt*t + LE*tnWLt*Et + MK*fnWMt*fnKt

+ Mt*flWMt*t + ME*fnWMt*Et + 6Kt*fnKt*t + sKE*enK*E + Ct

(5.1)

where , J3, and i,j Y, L, M, K, t, E, are unknown parameters to be estimated and

t is a random disturbance term or error term. By assumption c are independently and

identically normally distributed with mean zero and constant variance r2t. We measure

all the right-hand side variables as deviations from the geometric sample means. For

'"flexible" means that no priori restrictions are placed on substitution elasticities.
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the twice differentiability requirement of restricted cost function, we imposed

symmetry restrictions:

ji, where i,j = L, M, K, t, E for i

Linear homogeneity in input prices implies the following:

+ 1M = 1 (5.2a) Lt + (5.2e)

LLLMO; (5.2b) LKMK=O; (5.20

MM + 8LM = 0; (5.2c) LE + =O (5.2g)

YLYM=O; (5.2d)

Differentiation of (5.1) with respect to logarithm of input prices and using

Shephard's Lemma (Bemdt, 1991) yields to the following system of share equations:

SLt = IL + &LL*fnWLt + öyL*fflYt + LM*fnWM1 + LK*fflKt + 6Lt*t + LE*Et + cit

(5.3)

SMI IM + 6MM*fflWMt + öyM*fflYt + öLM*fnWLt + MK*thKt + ôMt*t + öME*Et + e2t

(5.4)

where c and 62t are random disturbance terms, that are assumed to be independently

and identically normally distributed with mean zero and constant variances &i and

a2i correspondingly. The disturbance vector v1 = (er, 82} is assumed multivariate

normally distributed with mean vector zero and constant covariance matrix

(Bemdt, 1991: p.4.71).

Since the sum of the two cost shares in equations (5.3) and (5.4) is equal to

one, the sum of the error terms ci and e2 will always be equal to zero, implying that

the covariance matrix of the error terms Q is singular and non-diagonal, in other
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words there is a problem of perfect multicolinearity. The common procedure to handle

this singularity is to drop one of the factor share equations. The parameter estimates

obtained are invariant of which share equation is deleted as long as maximum

likelihood procedures are employed (Berndt, 1991, p. 473; Greene, 2003, p. 368).

The system of translog restricted cost function and associated share equations

can be written in a more compact format as follows:

Zt = HWt + Vt (5.5)

where Zt is a 3x1 vector of dependent variables, H is a 3xK matrix of unknown

parameters, Wt is a Kx 1 vector of exogenous variables with unity as the first element,

and Vt is a 3x1 disturbance vector.

5.2 Autocorrelation correction

Time series data often display autocorrelation, or serial correlation of the

disturbances across periods (Greene, 2003: p.25O). Taking this fact into consideration

we expanded equation (5.5) to a more general form, where we assumed that error

terms follow to a first-order stationary autoregressive process (ARI). ARI process is

represented as:

Vt = Rvj + Ut (5.6)

where, Ut 1S stationary, non-autocorrelated processes, or else called "white noise"

(E(u1) = 0, Var(u) a), R is a 3x3 matrix of unknown autocorrelation parameters. In

matrix form equation (5.6) can be written the following way:
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1

FR1, R12 R13 ][Vh_1 1 Iuit
1

v2,
1=

R2, R22 R23 v2,11 + u2, (5.6a)

[v31j LR31 R32 R33j[v3,_1j [u31j

From (5.5) it follows that:

VZt-HW (5.7)

By substituting expressions (5.7) into (5.6) one obtains the following

expresslQn:

- Hw R(z..1 - flWt..i) + Ut (5.8)

Finally after rearranging terms one obtains:

Zt = Rz + fl(w W..j) + ut (5.9)

As we discussed in previous paragraph the system of equations is singular, so

we should drop one of the share equations. But in order the system to be invariant to

the share equation dropped, we should impose a restriction on the structure of R

matrix. We will assume that of diagonal elements are equal to zero, which implies that

the error terms of cost and share equations are not serially correlated with each other.

The elements of columns of share equations sub-matrix must add up to a same

constant, R22 + R32 R23 + R33 = constant (Berndt and Savin, 1975). Thus, R22 and R33

elements must be equal to each other. After imposing these restrictions and deleting

third equation from the system (5.6a) becomes:

1
FRi1 o 1Fvi,ti1 1 (5.10)

1

[v21 j L 0 R22
J u21



56

For stationarity, we require that the elements of matrix R be less than one in

absolute value (Greene, 2003: p.258). In order to account for autocorrelation, one

should estimate the transformed system of equations using (4.8a) and (4.8b)2.

Maximum likelihood estimators can be obtained by maximizing the log-likelihood

with respect to H, & and R (Greene, 2003: p.273).

5.3 Checking the regularity conditions

The estimated restricted cost function is checked to see if the regularity

conditions (J)roperties of the restricted cost function, discussed in paragraph 4.3 of

Chapter 4) are satisfied at the point of approximation (the sample mean) and at each

observation.

= b0 + by*fnY + bL*fnWLt + bM*fnWMt + bK*thKt + bt*t + bE*Et

+ 0.5*[dyy*(fnyt)2 + dLL*(fnWLt)2 + d*(fnWMt)2 + dKj(*(fnKt)2

+ dft*t2 + dEE*Et2} + dyL*fnYt*tnWLt + d*.enY*fnWM

+ dyK*fnYt*fnKt + dyt*fnYt*t + dyr*.tnYt*Et + dLM*fnWLt*fnW

+ dLK*fnWu*nKt + dLt*fnWLt*t + dLE*EnWLt*Et + dMK*tnWMt*fnKt

+ dMt*fnWMt*t + d*fnWMt*Et + dKt*thKt*t + djci*fnK*E +dtE*t*Et

(5.11)

where tn' is the estimated logarithm of restricted cost; b0, b1 and (where i,j Y,

L, M, K, t, E) are the estimates of f3o, j3, and unknown parameters respectively. It is

required by theory that the restricted cost function be nonnegative. For this condition

to be satisfied it is necessary that the exp(fn(') be nonnegative, which will be true for

any value of fnOR 0. The restricted cost must be non-decreasing in output and prices

of non-capital inputs. For these conditions to be satisfied it is necessary that estimated

2Note that for the first observation this type of transformation is impossible. A common procedure is to
drop the first observation from the sample.
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elasticity of cost with respect to output C' = afnR/any and fitted share equations,

= atfl/offlwL and SM = ffl(/afflWM, be nonnegative. Below are the

corresponding expressions for c', SL and SM.

by + dyy*fnY + dyj*W + dyM*fnWMt + dy*fflK +dy*t + dyE*Et

(S. 12a)

SLt = bL + dLL*tnWLt + dyL*fnYt + dLM*fIIWMt + dLK*nKt + dLt*t +dLE*Et

(5.12b)

SMt = bM + dMM*fnWMt + dyM*tnYt + dLM*fnWLt +d*fnKt +dMt*t +dffi*Et

(5.12c)

Additionally it is required that the restricted cost be decreasing in capital, which

corresponds to the elasticity of cost with respect to capital, 'K lnCR //.&=

ZKKJ, being negative:

= bK + d*tnKt + dyK*thYt + dLK*fnWLt + d*1nWMt + dKt*t + d*Et

(5.12d)

Next set of conditions will ensure that the estimated restricted cost function is

concave in non-capital input prices (CR/WL 0, Ô2CR/Ô2WM 0 and ê?CR/fWL

aWM 0) and convex in capital, which is achieved if 0CR/öK >0.

= dLL + (L)2 (5.13a)

ôCRI?f2WM = dMM + (M)2 SM (5.13b)

acR/5WLaWM dLM + SLSM (5.13c)

= d + (K)2 SK (5.1 3d)
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5.4 Hypothesis testing

Homothetic separability of inputs from output implies that the optimal input

demands do not depend on output level, and similarly, optimal output level is

independent of input prices. This will be true if 6YL = öYM 0. For homothetic

separability of non-capital inputs from capital it is necessary that öLK = MK = 0, which

also implies that the elasticities of substitution between non-capital inputs and capital

are one (Atkinson and Halvorsen, 1976). In order the technology to be Hicks neutral in

inputs, it is required that &Lt = 6Mt = = 0. Similarly Hicks neutrality with respect to

output is achieved

Environmental regulations are hypothesized to have no affect on restricted

costs, in which case parameter estimates of environmental variables will be jointly

equal to zero (E &EE 3YE = oLE = 0ME = = = 0). We can also test for non-

capital input neutral environmental regulations, 0LE 0ME = 0. The partial elasticity of

restricted cost function with respect to environmental regulations, which shows how

environmental regulations affect the restricted costs of production, is computed as

follows:

CREt = bE + dEE*Et + dyE*fnYt + dLE*enWL + dME*fnWMt + d*fnKt + dtE*t

(5.14)

5.5 Computation of primal and dual TFP growth rates

The dual measure of TFP growth is equal to the partial derivative of fog of

restricted cost with respect to time, CR = nC/at (see paragraph 4.1.2 of Chapter 4),

which can be derived from the estimated restricted cost function (5.11) as follows:

= b + d*t + dyt*nYt + dLt*tnWLt + dMt*fnWMt + dKt*fnKt + dtE*Et

(5.15)



CRCE represents percentage change in restricted cost induced by one unit change in

technology variable, with time serving as a proxy, holding other variables constant.

The primal rate of technological change can be computed by using the

relationship between dual and primal rates of technological change derived in section

(4.1.3) of Chapter 4, that is, &YE =
-1 is the percentage change in

output induced by one unit change in time, holding other variables constant, based on

restricted cost function with environmental regulations impact. The dual rate of

technological change from the restricted cost function without environmental

regulations impact can be computed according to formula (4.23), &c CRCE +

ERE(dE/dt) where the last term represents environmental regulations impact.

5.6 Input demand elasticities

As mentioned before, one of the attractive features of the flexible functional

forms is that they place no a priori restriction on the substitution elasticities between

inputs. Computation of elasticities provides us with extra information about

production technology. Substitution elasticities are computed according to the

following formulas (Bemdt, 1991: p. 475):

h (d1 + ij)/jj, where i,j = L,M but i j (5.16a)

b11 (d11 where i L,M (5.1 6b)

here, b are Hicks-Allen partial elasticities of substitution between inputs i and j. and

are own Hicks-Allen elasticities. If h1 has a positive sign that implies that inputs i

and j are substitutes, in contrast negative sign will imply that they are complements.

Further, own and cross price elasticities for input demands can be computed as

following:

(d + where i,j = L,M, but i j (5.17a)



e11 (d11 j2- where i = L,M (5.17b)

here, e4j is cross price elasticity and e1 is own price elasticity. Elasticities are usually

computed at the point of approximation. During the estimation all right hand side

variables were divided by their sample means, thus the point of approximation in our

analysis is the sample mean.

Cross price elasticity between inputs is interpreted as the proportional change

in the i-th input demand induced by the proportional change in the j-th input price.

Own price elasticity is interpreted as the proportional change in input demand as a

response to a proportional change in its own price. Theoretically, the expected sign of

own Hicks-Allen or price elasticities for input demands is negative, implied by the

concavity of restricted cost function in non-capital inputs. Because elasticities of

substitution and price elasticities provide us with similar information, we compute

only substitution elasticities for our analysis.

5.7 Inter-country TFP growth comparisons

In order to compare the productivity difference across two countries we use

technological change gap concept (Alpay, 1998). The dual or primal TFP gap is

defined as the difference in TFP growth rates between two countries during a given

year, holding everything else fixed.

According to this definition the dual and primal TFP gaps can be computed as

following:

AR R R
CE C CE,US - C CE,MX

AR R R
YE YE,US YE,MX

(5.18a)

(5.18b)

We should be careful in interpreting dual TFP gap between two countries,

because lower dual TFP is desirable (lower cost of production). A negative (positive)

dual rate of technological change gap implies that during a given year the rate of
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decrease in restricted costs induced by the technological change is greater (less) in the

U.S. industry compared to the same Mexican industry, implying that the U.S. has a

technological advantage (disadvantage) against Mexico in that particular industry. The

interpretation of primal TFP gap is the opposite: a positive sign implies an advantage,

whereas a negative sign implies a disadvantage.

An important issue in comparing productivities across the countries is

comparability. There are two issues in question:

comparability of industries in terms of products and

comparability in terms of price level differences.

We have already discussed how U.S 4-digit basic metal industries can be

grouped together to match Mexican 4-digit level basic metal industries (see Chapter 3,

Table 3.1). The issue of inter-country price level differences is solved with the

application of Purchasing Power Parities (PPP) concept (see Appendix B).
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Chapter 6: Results

We estimated restricted cost functions and associated share equations

separately for IS and AL industries in each country. Separate estimation avoids the

possible heteroscedasticity problems that would arise in the pooled data sets since the

variance of error terms is expected to differ across industries. In addition, separate

estimation is a convenient way to allow for inter-country differences in production

technologies in each industry.

Time spans for Mexican and U.S. data are 1963-2002 and 1958-2001,

respectively. Inclusion of AR1 process in the regressions resulted in the loss of the

first observations in the samples, thus we were able to compare industry-level dual and

primal productivities in two countries for only 1964-2001. To perform the estimation

we used Full Information Maximum Likelihood (FIML) techniques, using TSP 4.5.

6.1 Data sources and description

For estimation, we used production workers' wages as a price of labor. This

choice is motivated by the fact of production workers dominance in IS and AL

industries. Alternatively we could use either the combined production and office

workers' wages or have both variables enter the equation separately. Combining them

together would not allow for heterogeneity and having them in the model separately

would decrease degrees of freedom.

We combined energy and material inputs together in order to increase degrees

of freedom and avoid multicolinearity, because energy and material prices as well as

their expenditures might be highly correlated (under the assumption of constant

returns to scale, in order to increase output k-times we would require to increase

energy and material expenditures proportionally, everything else held equal). Table

6.1 below contains description of model variables.
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Table 6.1 Variables in Restricted Cost Model

Variable Name Description
Y Output As output variable we used Value of Shipments

series.

WL Price of Labor Total annual wages of production workers
divided by annual production worker-hours.

WM Price of Material The weighted sum of primary material prices
and energy prices. Weights are computed as a
share of material/energy expenditure in total
expenditures on materials and energy.

K Capital Computed using perpetual inventory method.
Following Christensen and Jorgenson (1969),
Kz= 11+ (1d)*Ki, where K and K1 are the
endof-period capital stocks in period t and t- 1
correspondingly, d is depreciation rate (we
assume d=0.05 for both countries), I is gross
fixed real investments in period t.

E Environmental For Mexican regressions we used number of
Regulations annual inspections, for U.S. regressions we

used data on pollution abatement operating
costs.

RC Restricted Cost Restricted cost is computed as a sum of
material expenditures (M) and production
worker wages (L).

SL Share of Labor Share of labor is obtained as a ratio of
production worker wages to restricted cost.

SM Share of Materials Share of materials is computed as a ratio of
material expenditures to restricted cost.

t Time/technology t= 1,2,3,..., T, where T is the total number of
observations.
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6.1.1 Mexican data

Mexican data for output and labor was obtained from Encuesta Industrial

Mensual (ElM), 1963-1993, data for capital and material was obtained from Encuesta

Industrial Annual (EIA)', 1963-1993. Both these sources are published by Instituto

Nacional de Estadistica, Geograjia, e informatica (ThIEGI). Data for 1994-2002 was

obtained from INEGI's internet source, based on ElM and EIA surveys

as of 03/08/2005).

For material price calculations we first derived industry specific primary

material prices by dividing material series in monetary values by material series in

volume units (from EIA), then we computed the average weighted price of materials

for the industry, using share of each material in total material expenditures for that

industry as a weight. Energy prices for each industry were computed by dividing

expenditures on energy purchases by the KWlhours (provided in EIA). Primary

materials prices and energy prices were combined together into "Price of Material"

variable as described in Table 6.1.

The EIA was published annually for 1963-1984, but unfortunately it was

terminated and then restarted only in 1994. This caused a ten-years gap in time series

for material and capital. We had several options on how to fill in the missing values.

The first option was to use data available from Industrial Censuses (Censo Industrial,

INEGI) for 1985, 1988 and 1993 and use linear interpolation in between. The Second

option was to use fitted values for the missing years obtained from the regression of

the logarithm of material (capital) on the logarithm of time. For capital data and for

material price data we had the alternative of using data from Banco de Mexico. And of

course, we could use any combination of sources for material and capital. The last

option seemed to be the best one but it had a few problems to it: firstly, data was

available only on two-digit level, and secondly, we still needed data on material

expenditures for restricted cost and material share calculations. Moreover, Banco de

"Encuesta" means survey. Until 1979 ElM had a different name - "Estadistica Industrial Mensual",
and EIA was named "Estadistica Industrial Annual" correspondingly.



Mexico capital data is not very comparable with data from our main source, EIA, in

spite of the fact that Banco de Mexico bases their series on Industrial Censuses results.

This might be explained by the fact that Industrial Census covers all industries,

whereas ETA covers only large industries that account for 80 percent or more of the

total value of shipments.

Thus, which method to use for our research was an open question, so we

decided to conduct a "sensitivity analysis". The results of the sensitivity analysis

suggested that linear interpolation method was not working very well, especially for

capital, probably, due to the high volatility of capital series. The same problem

appeared when we tried fitting capital values by regression equation. So, for capital

and material prices we decided to use data from Banco de Mexico2, and for material

expenditures we used method of fitting by equation.

From these combined sources we were able to construct Mexican time series

for 1963-2002 (Table 6.2) for Iron & Steel and Aluminum industries.

Table 6.2 Data Sources

N.7ariable

Y WL,L WM M K

YearN______
ElM ElM ETA EIA EIA

1963-1983

ElM ElM Banco de 1985, 1988 and Banco de
1984-1 993 Mexico 1993 Industrial Mexico

Censuses &
Interpolation by

regression
INEGI INEGI INEGI INEGI INEGI

1994-2002 website website website website website

2 Material price series were found in Indicadores Economicos (Banco de Mexico), and capital data was
obtained from Survey of Capital Formation and Capital Assets.



As a proxy for environmental regulations in the Mexican model we used the

annual number of inspections by Mexican authorities. Because these data are only

available for total manufacturing, we weighted them by the share of each industry's

value of shipments in the total manufacturing value of shipments. Before 1982 the

number of inspections are assumed to be zero (Husted and Logsdon, 1997), since the

environmental regulations during this earlier period were reported insignificant or

even non-existent. Data on number of inspections for 1982-1991 were obtained from

Husted and Logsdon (1997), data for 1992-2000 was obtained from Informe 1995-

2000 (Profera, 2000), and data for 200 1-2002 were obtained from Informe Annual

(Profera, 2002).

Alpay et al. (2002) used number of inspections as a proxy for the stringency of

environmental regulations (see part 2.2 in Chapter 2). Several other researchers use the

number of inspections as a measure of environmental enforcement activity. For

example, in their study of the effect of environmental regulations on the productivity

levels, Gray and Shadbegian (1995), include data on air pollution inspections as a

proxy for the intensity of regulatoty enforcement faced by the U.S. paper, oil, and

steel plants. Study by Magat and Viscusi (1990) measures the impact of inspections on

the self-reported emissions levels of plants in the paper industry in the U.S. They find

that each inspection reduces permanently reported discharges by approximately 20

percent. Laplante and Rilstone (1995) do a similar study for paper industry in Quebec,

Canada, finding that not only inspections but also the threat of an inspection has a

strong negative impact on reported emissions. uses the in Mexican food manufacturing

and studies their effect on productivity growth. They find small but significant

negative effect of inspections on productivity level.

6.1.2 The US. data

The U.S. data cover period from 1958 to 2001. Annual 4-digit industry level

data on output, labor, material and capital are available from National Bureau of

Economic Research (NBER) and the U.S. Census Bureau's Center for Economic
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Studies (CES) for 1958 to 1996. Data for 1997-200 1 are taken from Annual Survey of

Manufactures (US Census Bureau, 2001). These data are published based on NAICS

classification, so we transform it into SIC classification system according to Table 3.1

provided in Chapter 3. We also aggregate data into industry groups comparable to the

Mexican industry classification system, refer to Table 3.1 as well.

Data on pollution abatement operating costs (PAOC) were collected from

Survey of Pollution Abatement Costs and Expenditures (PACE) published by the U.S.

Census Bureau annually for 1973-1994, with the exception of 1987. The survey was

discontinued after 1994 due to insufficient funding. It was restarted in 1999 as a one-

year pilot project with substantial differences from the previous surveys, thus making

longitudinal analysis quite difficult. Conceptual differences include changes in the

scope and meaning of pollution abatement as well as the definition of operating cost.

A number of other critical changes were made, including different industrial

classification (the NAICS classification is used instead of SIC) and sample selection

(survey includes a small representation of plants with fewer than 20 employees, not

included in the previous surveys). However, Becker and Shadbegian (2004) provided a

detailed guide on how to bridge 1999 survey to 1994 survey (Table 3, in Becker and

Shadbegian, 2004: p.25). Following Becker and Shadbegian (2004) we calculate

PAOC for 1999 that is comparable to 1994. We used linear interpolation method to get

the approximate values for 1987 and 1995-1998. For 2000 and 2001 we use predicted

values according to the results of the regression of available PAOC values on time.

The data for both countries are in nominal values, so we deflate them by the

Producer Price Indexes (PPI) in each country. PPI for the U.S. was obtained from

Economagic (hifl :/:ww economagjc.com/). Mexican PPI for 1980-2002 is obtained

from the Bank of Mexico (Banco de Mexico), for 1963-1979 we use Consumer Price

Index (CPI) instead of PPI (because the later one is not available until 1980) published

in the International Financial Statistics: Supplement on Price Statistics (International

Monetary Fund, 1986).
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6.2 Autocorrelation

The models are tested for the existence of autoregressive process (AR1). We

used Likelihood Ratio (LR) statistics to test for the null hypothesis of no AR1 versus

alternative hypothesis with AR1 process:

H0: Ri 1, R22 = 0

HA:R11,R220,

The LR statistics is computed as (Greene, 2003: p.349):

= 2*(fogL togL) (6.1)

where fogLr is the value of log-likelihood function when autocorrelation parameters

are constrained to zero, and togL is the value of log-likelihood function when

autocorrelation parameters are included. LR test statistics are distributed as chi-square

with degrees of freedom equal to the number of restrictions (in our case it is equal to

two). The results of tests are summarized in Table 6.3.

We failed to reject the null hypothesis for the Mexican Aluminum industry.

Estimation for this industry is preceded without autocorrelation correction, for all

other models estimation is done with autocorrelation correction.

Table 6.3 Likelihood Ratio Tests for Hypothesis Testing of AR(1)

Iron & Steel Aluminum
Mexico U.S Mexico U.S

Lr 174.4 282.9 189.8 232.6

L 198.6 287.8 185.8 267.1

LR-test statistics 48.4 [ 9.8 -8' 69

LR-critical = 5.99 with probability values a 0.05
* Failure to reject null vpothesis (HO: Ru. R22 = 0,)



6.3 Regression results

Parameter estimates and asymptotic t-statistics for IS and AL industries of both

countries are summarized in Table 6.4a,b. The R-squares for restricted cost and labor

share equations are very high for all regressions (above 0.97 for restricted cost

equations and above 0.85 for labor share equations), which indicates that the estimates

provide a good fit.

The null hypothesis that the parameter estimates are not jointly significant is

rejected for all four regressions with the probability value less than 0.001.

6.3.1 Verifying the regularity conditions

We should verify that the estimated elasticity of cost with respect to output

(E'YC) and fitted labor and material share values (& and SM) are positive at every

observation and, if not, we should check if they are positive at the sample mean. Our

results show that the fitted values of labor and material shares are positive at all

observations for all four regressions. The fitted values of output shares are positive at

all observations for U.S. industries. We observe 9 and 6 negative values for Cyc in

Mexican IS and AL industries, respectively. However, at the sample mean they are

positive.

Theory also requires that the restricted cost be decreasing in quasi-fixed input

(capital), which is equivalent to the estimated shadow price of capital (ZK =

being positive or the elasticity of cost with respect to capital (C'K

being negative. The estimated CK were negative at all observations in both U.S.

industries. In Mexican IS and AL we observe 4 and 22 positive values respectively. At

the mean aRK was negative in Mexican IS and positive in Mexican AL.
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Table 6.4a Parameter Estimates for Primary Iron and Steel Industry

Mexico U.S.

Parameter Variable Estimate t-statistic Estimate t-statistic
Thnstant -0.4870 -1.0237 0.1939 1.4129

by_______ log(Y) 0.1854 0.1894 1.4631 4.7945
log(WL) 0.9355 7.6993 0.2205 21.444

bM log(WM) 0.0645 0.5305 0.7795 75.823
log(K) 0.5139 2.504( -0.8414 -2.6535

0.0534 1.2099 -0.0299 -1.6397

lyy [log(Y)]2 -0.3188 -0.2909 -0.3359 -0.9313

dLL [log(WL)]2 0.0345 2.6392 0.0669 4.4208
d [log(WM)J2 0.0345 2.63 92 0.0669 4.4208

Uog(K)]2 0.1598 2.2698 10332 2.2301
d -0.0027 -1.3834 0.0013 1.1662

dyL log(Y)log(WL) -0.0100 -0.8526 -0.0236 -3.8502

JYM log(Y)log(WM) 0.0100 0.852f 0.0236 3.8502
Iog(Y)log(K) 0.6023 3.1728 -0.6012 -1.5317

dyt_______ Iog(Y)*t 0.0187 0.4086 -0.0288 -1.6948

du' log(WL)log(WM) -0.0345 -2.6392 -0.0669 -4.4208

ILK og(WL)log(K) 0.0176 2.2740 0.0354 4.0822
d og(W)*t -0.0117 -3.4249 -0.0016 -2.9185

dMK log(WM)log(K) -0.0176 -2.274C -0.0354 -4.0822

dMt iog(W)*t 0.0117 3.424c 0.0016 2.9185

dKt 1g(K)*t -0.0305 -3 .0094 0.0391 2.0873
bE E -0.0166 -8.2310 -0.0757 -0.3944
dEE E2 0,0000 0.029' 0.0265 0.2283

dyE 1g(Y)*E -0.0027 -2.2124 -0.0210 -0.1690
lqg(WL)*E -0.0001 -2.8267 -0.0002 -0.0845

dME log(W)*E 0.0001 2.8267 0.0002 0.0845
1g(K)*E -0.000E -1.5356 0.1811 1.1052

1tE
*E 0.0006 8.1652 0.0039 0.5664

R1 coefficient 0.0279 0.1622 -0.0308 -0.1821

22 R1 coefficient 0.9833 165.74 0.4677 3.4041

estricted cost equation R2 0.988 0.995

abor share equation R2 0.928 0.985
ogofLikelthood 198.6 287.8

Note: Estimates that are significant on 5% level are shown in bold
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Table 6.4b Parameter Estimates for Aluminum Industry

Mexico U.S.

_Parameter Variable Estimate t-statistic Estimate t-statistic
b0 Constant -0.3757 -1.8104 4.1652 0.6415
)y og(Y) 1.3415 5.7847 1.0589 2.5377

og(WL) 0.1432 26.765 0.6128 2.8166

bM log(WM) 0.8568 160.18 0.3872 1.7794

og(K) 0.0630 0.6253 -0.8325 -1.9934

b -0.0106 -0.4659 -4.6345 -0.9443
[log(Y)}2 0.6190 1.5962 0.2335 0.4096

dLL [log(WL)]2 0.0548 7.2053 0.0755 4.7244

dMM [log(WM)]2 0.0548 7.2053 0.0755 4.7244
[log(K)J2 0,1229 1.7152 0.1057 0.2069

d 2 0.0013 1.1267 2.8243 1.3097

dyL log(Y)log(WL) -0.0163 -2.2447 -0.0217 -2.8841

L log(Y)log(WM) 0.0163 2.2447 0.0217 2.8841

dyK log(Y)log(K) 0.2268 1.7135 0.1118 0.2657

lyt
log(Y)*t -0.0388 -2.7531 -0.3179 -0.6209

kM log(WL)log(WM) -0.0548 -7.2053 -0.0155 -4.7244
log(WL)log(K) 0.0049 1.8186 0.0099 1.0059

du Jog(W)*t -0.0005 -1.4157 -0.0577 -0.3014
Iog(WM)log(K) -0.0049 -1.8186 -0.0099 -1.0059

d iog(W)*t 0.0005 1.4157 0.0577 0.3014
log(K)*t -0.0089 -1.5902 0.3377 0.6693

b E -0.0012 -0.0806 0.1632 1.0181

dEE E2 0.0002 1.0991 -0.0553 -03740
JYE log(Y)*E 0.0077 1.0252 0.0750 0.4746

Ju log(WL)*E -0.0002 -1.3328 0.0020 1.2257
d Jog(W)*E 0.0002 1.3328 -0.0020 -1.2257
d log(K)*E 0.0122 3.3611 -0.1170 -0.7713

1tE *E 0.0003 0.5170 -0.1182 -0.5358

R1 coefficient 0.9358 15.912

22 R1 coefficient
estricted cost equation R2 0.945

0.9978
0.989

51.377

Labor share equation R2 0.854 0.970
bog of Likelihood 189.8 267.1

Note: Estimates that are significant on 5% level are shown iii bold
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The concavity of the restricted cost function in non-capital input prices is

satisfied at all observations for all industries (the estimated Hessian matrices, second

order derivatives of cost with respect to non-capital input prices, are all negative semi-

definite, as it is required by theory). The convexity of restricted cost function in capital

is violated at 8 observations in Mexican AL industry. In more compact manner the

checklist of regularity conditions for all industries is presented in Table 6.5.

Table 6.5 Checklist of Regularity Conditions

Primary Iron & Steel Aluminum
Checklist

Mexico U.S. Mexico U.S.

atn >
(-) at 9 obs. (+) (-) at 6 obs. (+)
(+) at mean at all obs (+) at mean at all obs.

/ôfflWL SL>
(+) (+) (+) (+)

at all ohs, at all obs. at all obs. at all obs.

IôfnWM = SM> (+) (+) (+) (+)

at all ohs. at all obs. at all obs. at all ohs.

5fn /ôK = SK <
(+) at 4 obs. (-) (+) at 22 obs (-)
(-) at mean at all obs. (+) at mean at all obs.

a2i2w = H1 <0 (-) (-) (-) (-)
at all obs. at all obs. at all obs. at all obs.

52R/awow = H12> 0 (+) at all (+) (+) (+)
obs. at all obs. at all obs. at all obs.

= H22 <0 (-) (-) (-) (-)
at all obs. at all obs. at all ohs. at all obs.

a2R,2K> o (+) (+) (-) at 8 obs. (+)
at all obs. at all obs. (+) at mean at all obs.

Homothetic separability of variable inputs from output (YI YM 0) Was

rejected for all except Mexican IS industry. Homothetic separability of variable inputs

from capital (LK 0) was rejected in AL industries of U.S. and Mexico. The

hypothesis of Hicks neutral technological change in inputs (öLt = öMt öKt 0) was

rejected in U.S. and Mexican AL industries, and Hicks neutrality in output (Yt 0)

was rejected in all except Mexican AL industry.
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6.3.2 Environmental regulations

The hypothesis that environmental regulations affect restricted costs is tested

as follows:

ITI0EEELEMtEO
HA: H0 is not true (environmental regulations affect restricted costs)

According to the LR test results null hypothesis was rejected in both Mexican

industries (see Table 6. 6a for test results). This suggests that changes occurring in the

environmental regulations of Mexico do affect the restricted costs of IS and AL

industries. We did not found any significant affect in U.S. industries. The hypothesis

of input neutral regulation is tested by:

Ho: 8LE = ME = KE =0

HA: H0 is not true (environmental regulations affect input composition)

The LR test results for this hypothesis are shown in Table 6.6b. In both U.S.

industries the composition of inputs appears neutral to the changes in environmental

regulations, In contrast, in Mexican industries the composition of inputs is nonneutral

to the changes in environmental regulations.
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Table 6. 6a Likelihood Ratio Statistics for the Hypothesis Testing that
Environmental Regulations Affect Restricted Costs

Primary Iron & Steel Aluminum

Mexico U.S Mexico U.S

Lr 174.054 284.02 173.583 264.465

L 198.6 287.8 185.8 267.1

LR-test statistics 49.1 7.56* 32.4 5.27*

LR-critical = 14.07 with probability values a 0.05
* Failure to reject null hypothesis frm'ironmental regulations does
not have qffect on restricted costs)

Table 6. 6b Likelihood Ratio Statistics for the Hypothesis Testing that
Environmental Regulations are Input Neutral

Primary Iron & Steel Aluminum

Mexico U.S Mexico U.S

Lr 186.527 287.178 184.097 266.061

198.6 287.8 185.8 267.1

LR-test statistics 24.15 1.24 11.4 2.08*

LR-critical = 7.81 with probability values 0.05
* Failure to reject null hypothesis (environmental regulation does not
affect input composition)

The partial elasticities of restricted costs with respect to environmental

regulations (c' ôfn(/aE) for U.S. and Mexican IS and AL industries are shown in

Figure 6. Ia, b. In Mexican IS industry one unit increase in number of inspections in

average decreases restricted costs by 0.4%, in Mexican AL industry one unit increase

in number of inspections increases restricted costs by 0.3%. The examination of partial

elasticity of restricted costs with respect to environmental regulations in U.S. IS

industry depicted in Figure 6. la suggests that the impact of environmental regulations

was positive for 1959-1978 and it was negative thereafter. Because environmental

regulations were weak from 1959-1973 and because of the likelihood of technology-

based and regulation-based structural change in U.S. IS industry we estimate separate

cost and share equations for 1974-2001. The results appear in the next paragraph.
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Figure 6.1 Partial Elasticity of Restricted Costs with Respect to
Environmental Regulations
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6.3.3 Regression results for U.S. Primary Iron and Steel,

1974-2001

The regression results for U.S. IS industry for 1974-2001 are presented in

Table 6.7. For comparison we also provide the regression results for 1959-2001 on the

right hand side of Table 6.7. The R-squared of restricted cost and labor share

equations are 99% and 8 8.6% respectively indicating a good fit. The Log of likelihood

is 227, which is lower than previously because of a smaller sample size. The

autocorrelation parameters are jointly significant. All the regulatory conditions are

satisfied, except of the convexity of restricted costs in capital, which is violated in 8

observations, but satisfied in the sample mean. In contrast to the previous regression

results, all the parameter estimates of environmental regulations are significant with

probability value of 95%.

The partial elasticity of restricted costs function with respect to enviromnental

regulations for U.S. IS industry for 1974-2001 is shown in Figure 6.2. The results are

obscuring, we see that the effect of one unit change in pollution abatement costs in

U.S. IS industry increased restricted costs by about 40% for 1974-1975 and it

decreased the costs in average by 51.7% for 1994-2001. The average impact for 1974-

2001 is 7.3% reduction in restricted costs as a result of one unit increase in pollution

abatement costs. The average for 1979-1988 is 10.3% increase in restricted costs

associated with one unit change in pollution abatement costs which supports the

results of JoshI et al. (2001) for that period.
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Table 6.7 Parameter Estimates for U.S. Primary Iron and Steel Industry

U.S. (1974-2001) U.S. (1959-2001)

Parameter Variable Estimate t-statistic Estimate t-statistic
Constant -0.4315 -7.0874 0.1939 1.4129

og(Y) 1.4907 14.0518 1.4631 4.7945

Iog(WL) 0.1932 36.360 0.2205 21.444

0.8068 151.81 0.7795 75.823

Iog(K) -1.9247 -6.2426 -0.8414 -2.6535

-0.1746 -10.1185 -0.0299 -1.6397

-1.0729 -7.4722 -0.3359 -0.93 13

1LL [log(WL)} 0.0716 16.227 0.0669 4.4208

{log(WM)}2 0.0716 16.227 0.0669 4.4208
{log(K)}2 0.5980 0.8559 1.0332 2.2301
2

0.0146 9.1384 0.0013 1.1662

Jyi. log(Y)log(WL) -0.0125 -3.0343 -0.0236 -3.8502

1YM og(Y)log(WM) 0.0125 3.0343 0.0236 3.8502

dyK og(Y1og(K 1.5702 6.0074 -0.6012 -1.5317

dy og(Y)*t 0.0013 0.1152 -0.0288 -1 .6948

kM og(WL)log(WM) -0.0716 -16.227 -0.0669 -4.4208
dLK og(WL)log(K) -0.0018 -0.2777 0.0354 4.0822

tLt
log(W)*t -0.0033 -10.827 -0.0016 -2.9185

'MK [Og(WM)lOg(K) 0.0018 0.2777 -0.0354 -4.0822

'Mt
log(W)*t 0.0033 10.827 0.0016 2.9185

'Kt log(K)*t 0.1577 4.8269 0.0391 2.0873

B 2.2385 10.6865 -0.0757 -0.3944

'FE -1.2161 -9.4623 0.0265 0.2283

'YE log(Y)*E -0.3667 -4.1717 -0.021 -0.169

'LE
log(W)*E 0.0077 2.8192 -0.0002 -0.0845

dME og(W)*E -0.0077 -2.8192 0.0002 0.0845

d1 log(K)*E -0.6291 -7.1736 0.1811 1.1052

1tE
:*E -0.0439 -10.3753 0.0039 0.5664

R11 .Rl coefficient -0.3844 -11.204 -0.0308 -0.1821

R22 R1 coefficient -0.7338 -11.900 0.4677 3.4041

Etestricted cost equation R2 0.990 0.995

Labor share equation R2 0.886 0.985

Log of Likelihood 226.6 287.8

Note: Estimates that are significant on 5% level are shown in bold
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6.3.4 Elasticities of substitution

The Hicks-Allen partial elasticities of substitution between non-capital factor

demands (labor and material) are estimated according to (5.1 Sa,b) of Chapter 5 (the

results are shown in Table 6.8a,b).

The own and cross substitution elasticities are correspondingly negative and

positive at all observations in all four regressions as expected (in order the cost

function to be concave in input prices). The positive sign of substitution elasticity

between labor and material implies that they are substitutes.
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Table 6, 8a Elasticities of Substitution between Non-Capital Inputs for
Primary Iron and Steel Industry

U.S. (1959-2001)

Labor Material

Labor -2.488 0.525

Material 0.525 -0.117

U.S. (1974-2001)

Labor Material

Labor -2.45 0.44

Material 0.44 -0.08

Mexico (1964-2002)

Labor Material

Labor -0.448 0.808

Material 0.808 -2.309

Note: All elasticities are evaluated at the mean of data

Table 6.8b Elasticities of Substitution between Non-Capital Inputs for
Aluminum Industry

U.S. (1959-2001)

Labor Material

Labor -0.560 0.693

Material 0.693 -0.874

Mexico (1964-2002)

Labor Material

Labor -3.336 0.478

Material 0.478 -0.072

Note: All elasticities are evaluated at the mean of data



6.4 Estimates of dual and primal rates of TFP

In Table 6.9a we present dual TFP growth of U.S. and Mexican IS and AL

industries (CRCE,US and CRCE,MX, where F subscript indicates that environmental

regulations are included), calculated based on equation (5.14), and dual TFP gap
(R) between U.S. and Mexican industries for 1964-2001. Similarly in Table 6.9b

we present primal TFP growth, computed based on relationship between primal and

dual TFP growth rates in equation (4.16). See Figures 6.3a-d and Figures 6.3e-h for

graphical illustration of dual TFP growth in U.S. and Mexican IS and AL industries

and see Figure 6. 4a-d and Figure 6. 4e-h for primal TFP growth illustrations.

The average annual dual TFP growth of U.S. IS industry is estimated at 0.5

percent, for AL it is 8.4 percent, meaning that aluminum industry in the U.S. is

performing relatively better than the IS industry. In both Mexican industries the dual

TFP growth rates are positive, implying that the costs of production are increasing

over time, everything else held constant, or productivity is declining. If comparing

Mexican IS and AL industries together, we see that AL industry on average has 3.3%

points lower decline rate per year.

The economies of scale in U.S. IS and AL industries, measured as the inverse

of cy, (Table 6.10) show that the technologies in these industries are almost constant

retusns to scale, thus primal measures of TFP growth in U.S. industries are very close

to the dual TFP growth rates in absolute values. The average annual (1959-200 1)

primal TFP growth for U.S. AL industry was 9.9% compared to 8.4% from dual

approach, for U.S. IS industry they are the same. In contrast to U.S. IS and AL

industries, Mexican ones are subject to significant economies or diseconomies of

scales. For example, the diseconomies of scale reached 167 in Mexican iron and steel

industry in 1994 (when Mexican Peso suffered devaluation) the real value of

shipments dropped by more than 20%. As a result the primal TFP growth rates are

very different from the dual TFP growth rates in Mexican IS and AL industries. The
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average annual primal of TFP growth rate3 for 1964-2002 in Mexican IS industry is

negative 0.7% compared to the negative 5.8% from the dual approach, and in AL

industry the primal rate is negative 6.2% compared to the negative 2.5% (Table

6.1 Ia, b). Because of such difference in primal and dual measures of TFP growth in

Mexican industry, we have decided to base our further analysis on dual measures of

TFP growth.

The average annual dual productivity growth of U.S. IS industry increased

from 0.1% in 1959-1972 to 0.8% in 1973-1982, which is an unexpected result,

considering the increased level of environmental regulations in the beginning of the

1970's, The average dual TFP growth rate decreased to 0.6% in 1983-1992 and in

1993-200 1 it increased to 0.8%.

Dual TFP growth in Mexican IS industry is negative for the most years. The

dual TFP was increasing until 1982, after that it started to fall. It reached the lowest

mark in 1996 (reflecting the 1995 crisis in Mexican economy), negative 27.5%, but

afterwards it started to increase. The dual productivity gap between U.S. and Mexican

steel industries is negative across all the years except of 1982, when dual productivity

growth in Mexican IS industry was 0.4 percent higher.

In U.S. AL industry the average annual productivity growth is decreasing over

time. In 1959-1972 it was 14.7°/s, in 1993-2001 it dropped to 0.6%. In Mexican AL

industry we see similar tendencies as in Mexican IS industry: the dual productivity

was increasing till 1982 (from 1964-1982 it increased by 2.8 percentage points),

decreasing from 1983-1995 (it reached negative 7.7% in 1995), and was rising

thereafter. The gap between U.S. and Mexican AL industries was in favor to U.S.

industry, however the gap is decreasing in absolute value, which is mostly because of

the decreasing dual TFP growth rates in U.S. AL industry.

Some of the estimates of primal TFP in Mexican industries are bigger than 1 (see the
highlighted lines in Table 6. 8b), which is explained by the existence of economies or diseconomies of
scales for those years. These outliers significantly affect the average productivity growth estimates, so I
have excluded them from the calculations of average annual productivity growth.
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Table 6.9a Dual TFP and TFP Gap between U.S. and Mexico

Year
Primary Iron and Steel Aluminum

R
C CE,US

R
C CE.MX

A R
CE

R
C CE,US

c.R
CE,MX i-"- CE

1964 -0.004 0.053 -0.057 -0.155 0.020 -0.175

1965 -0.005 0.049 -0.053 -0.151 0.013 -0.164

196 -0.003 0.043 -0.045 -0.146 0.011 -0.158

1967 0.002 0,034 -0.032 -0.140 0.011 -0.151

1968 0.002 0.029 -0.027 -0.13f 0.008 -0.143

1969 0.002 0.024 -0.022 -0.131 0.003 -0.13

1970 0.004 0.018 -0.014 -0.124 0.000 -0.124

1971 0.004 0.013 -0.009 -0.118 -0.003 -0.1l(

1972 0.002 0.011 -0.009 -0.115 -0.006 -0.109

1973 -0.001 0.0 13 -0.014 -0.116 -0.005 -0.111

1974 -0.011 0.017 -0.028 -0.112 -0.007 -0.105

1975 -0.006 0.019 -0.025 -0.106 -0.004 -0.102

1976 -0.007 0.012 -0.019 -0.106 -0.004 -0.101

1977 -0.006 0.000 -0.007 -0.102 0.001 -0.104

1978 -0.010 -0.007 -0.003 -0.100 0.000 -0.100

1979 -0.0 16 -0.008 -0.008 -0.095 -0.00( -0.O8

1980 -0.010 -0.009 -0.001 -0.091 -0.008 -0.083

1981 -0.013 -0.010 -0.003 -0.086 -0.010 -0.076

1982 -0.002 -0.006 0.004 -0.072 -0.008 -0.064

1983 -0.001 0.013 -0.014 -0.069 0.013 -0.082

1984 -0.005 0.025 -0.030 -0.071 0.014 -0.085

1985 -0.003 0.019 -0.022 -0.063 0.013 -0.077

1986 0.000 0.027 -0.027 -0.058 0.035 -0.093

1987 -0.004 0.055 -0.059 -0.054 0.042 -0.096

1988 -0.012 0.094 -0.106 -0.051 0.055 -0.106

198 -0.012 0.058 -0.070 -0.047 0.053 -0.100

1990 -0.009 0.033 -0.042 -0.035 0.05 1 -0.086

1991 -0.005 0.048 -0.054 -0.035 0.058 -0.093

1992 -0.005 0.060 -0.066 -0.028 0.061 -0.090

1993 -0.007 0.2 19 -0.227 -0.022 0.072 -0.094

1994 -0.011 0.158 -0.169 -0.017 0.055 -0.072

1995 -0.013 0.235 -0.249 -0.015 0.077 -0.092

1996 -0.012 0.275 -0.287 -0.010 0.066 -0.077

1997 -0.013 0.244 -0.257 -0.008 0.062 -0.069

1998 -0.010 0.143 -0.153 -0.004 0.054 -0.058

1999 -0.005 0.101 -0.106 0.000 0.052 -0.052

200 -0.004 0.079 -0.083 0.006 0.046 -0.040

2001 0.002 0.047 -0.045 0.011 0.049 -O.03
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Table 6.9b Primal TFP and TFP Gap between U.S. and Mexico

Year
Primary Iron and Steel Aluminum

R
C YE.US

R
C YE,MX

A R
L2C YE

R
C YE,US

.R
YE,MX

AeR
L_ YE

1964 0.005 -0.378 0.383 0.169 -0,024 0.192
1965 0.006 -0.233 0.239 0.166 -0.014 O.18(

1966 0.004 -0.164 0.168 0.159 -0.012 0.171

1967 -0.003 -0.084 0.080 0.154 -0.011 0.165
1968 -0.004 -0.061 0.058 0.148 -0.008 0.156
1969 -0.004 -0.047 0.044 0.147 -0.003 0.150
970 -0.006 -0.032 0.026 0.148 0.000 0.149

1971 -0.006 -0.022 0.016 0.139 0.002 0.13(
1972 -0.003 -0.019 0.016 0.133 0.005 0.128
1973 0.001 -0.025 0.026 0.129 0.004 0.125
1974 0.015 -0.039 0.054 0.135 0.007 0.129
1975 0.006 -0.048 0.054 0.127 0.004 0.124
1976 0.008 -0.024 0.032 0.120 0.004 0.115
1977 0.007 0.000 0.008 0.116 -0.001 0.117
1978 0.012 0.009 0.003 0.111 0.000 0.112
1979 0.018 0.011 0.007 0.116 0.006 0.110
1980 0.010 0.012 -0.002 0.116 0.008 0.108
1981 0.013 0.014 -0.001 0.106 0.010 0.095
1982 0.002 0.010 -0.009 0.103 0.008 0.094
1983 0.001 -0.051 0.052 0.097 -0.025 0.122
1984 0.004 -1.001 1.006 0.088 -0.029 0.116
1985 0.002 -0.159 0.161 0.081 -0.028 0.109

1986 0.000 2.008 -2.008 0.076 -0.316 0.392

1987 0.004 0.177 -0.173 0.072 -21.122 21.195
1988 0.011 0.174 -0.163 0.072 0.419 -0.347
1989 0.010 0.441 -0.431 0.067 0.345 -0.278
1990 0.008 -0.277 0.285 0.058 0.269 -0.212
1991 0.005 -0.309 0.314 0.050 0.275 -0.225
1992 0.005 -0.394 0.399 0.042 0.256 -0.2 14

1993 0.007 0.620 -0.614 0.033 -0.352 0.385

1994 0.010 26.476 -26.466 0.028 -0.165 0.193

1995 0.012 0.462 -0.450 0.025 3.536 -3.511
1996 0.011 0.405 -0.393 0.017 -0.426 0.443
1997 0.0 13 0.489 -0.47( 0.012 -0.268 0.280
1998 0.010 -2.719 2.730 0.006 -0.260 0.266
1999 0.006 -0.354 0.360 0.000 -0.353 0.352
2000 0.005 -0.189 0.194 -0.008 -0.247 0.239
2001 -0.003 -0.077 0.074 -0.017 -0.776 0.760
Note: in the highlighted cells the TFP growth is greater than 1 in absolute value.
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Table 6.10 Economies of Scale, 1/c'cy

U.S.__________ MexicoYear
Iron & Steel Aluminum Iron & Steel Aluminum

195 0.95 1.04
1960 0.99 1.09
1961 1.00 1.07
1962 1.05 1.07
1963 1.11 1.06
1964 1.21 1.09 7.16 0.93
1965 1.32 1.10 4.80 0.96
1966 1.40 1.09 3.83 0.98
1967 1.43 1.10 2.46 0.99
1968 1.55 1.10 2.11 0.94
1969 1.59 1.12 1.99 0.97
1970 1.48 1.20 1.79 0.97
1971 1.44 1.17 1.63 0.95
1972 1.44 1.16 1.66 0.98
1973 1.61 1.11 1.87 1.05

1974 1.35 1.20 2.23 1.19

1975 1.15 1.20 2.51 1.26

1976 1.16 1.13 2.02 1.45

1977 1.16 1,13 1.40 1.79

1978 1.15 1.12 1.25 2.11

1979 1.09 1.23 1.31 2.29
1980 1.02 1.28 1.39 2.69
1981 1.01 1.22 1.43 2.44
1982 0.87 1.43 1.75 1.58
1983 0.87 1.40 4.00 7.79
1984 0.87 1.23 40.73 -47.94
1985 0.88 1.27 8.34 -20.31
1986 0.88 1.31 -75.23 59.53
1987 0.89 1.34 -3.22 -2.90
1988 0.87 1.41 -1.85 -3.11

1989 0.86 1.45 -7.64 -2.86
1990 0.88 1.65 8.38 -2.86
1991 0.88 1.43 6.41 -4.89
1992 0.93 1.48 6.51 42.89
1993 0.93 1.50 -2.83 1.96
1994 0.93 1.60 -167.48 1.96
1995 0.92 1.66 -1.96 3.73
1996 0.96 1.60 -1.47 3.03
1997 0.99 1.53 -2.00 2.33
1998 1.05 1.41 18.99 2.16
1999 1.14 1.38 3.52 2.31
2000 1.14 1.45 2.40 2.12
2001 1.17 1.45 1.63 2.14
2002 1.70 1.83
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Table 6. ha Average Annual Rates of Dual TFP for Selected
Sub-periods

Sub-penod U.S. .

Sub-period
Mexico

Iron & Steel Aluminum Iron & Steel Aluminum

1959-1972 -0.001 -0.147 1964-1972 0.030 0.006

1973-1982 -0.008 -0.099 1973-1982 0.002 -0.005

1959-1982 -0.004 -0.127 1964-1982 0.016 0.0003

1983-1992 -0.006 -0.051 1983-1992 0.043 0.040

1993-2001 -0.008 -0.006 1993-2002 0.155 0.064

1983-2001 -0,007 -0.030 1983-2002 0.099 0.049

1959-2001 -0.005 -0.084 1964-2002 0.058 0.025

Table 6.1 lb Average Annual Rates of Primal TFP for Selected
Sub-periods

Sub-period U.S. .

Sub-period
Mexico

Iron & Steel Aluminum Iron & Steel Aluminum

1959-1972 0.000 0.162 1964-1972 -0.116 -0.007
1973-1982 0.009 0.118 1973-1982 -0.008 0.005

1959-1982 0.004 0.144 1964-1982 -0.059 -0.0007
1983-1992 0.005 0.070 1983-1992 -0.050 0.130

1993-2001 0.008 0.011 1993-2002 0.159 -0.383

1983-2001 0.006 0.042 1983-2002 0.054 -0.127

1959-2001 0.005 0.099 1964-2002 -0.007 -0.062
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Figure 6.3c Comparison of U.S. and Mexican Dual TFP Growth in
Primary Iron and Steel Industry, 1964-2001
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Figure 6. 3d Dual TFP Growth Gap between U.S. and Mexican
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6.5 Environmental regulations impact on dual TFP growth

We computed the impact of environmental regulations as CRE(dE/dt) and

calculated dual TFP growth not accounted for environmental regulations according to

the equation (4.23), gR = aRCE + c'E(dEIdt). See Table 6.12a,b numeric details and

Figures 6.5a,b,c for the graphical illustration of the dual TFP growth rates with and

without environmental regulations impact for the years when E 0. For U.S. IS

industry we use regression results for 1974-2001. U.S. AL industry is excluded from

this discussion because the estimates of environmental regulations' parameters were

insignificant.

In the U.S. IS industry the average annual impact of environmental regulations

on dual TFP growth was 5.1%. This means that in general environmental regulations

had positive effect on dual TFP growth. The average impact of environmental

regulations for 1982-2002 in Mexican IS industry was 4% and in Mexican AL

industry it was 3%. This implies that environmental regulations had a positive effect

on dual TFP growth in Mexican industries as well. The results support Porter's

hypothesis.

The average impact of environmental regulations after NAFTA years was

larger in all industries. For 1994-2001 in U.S. IS industry the impact was -6.3%, in

Mexican IS and AL industries it was -11.2% and -6.1% respectively. Mexican IS

industry showed larger positive effect (corresponding to a larger negative number) of

environmental regulations on dual TFP growth than U.S. IS industry. Recollecting that

the dual TFP in Mexican IS industry experienced a big drop in 1993 and during 1995

crisis, so that in average the dual TFP growth for 1994-2001 was 16%, the large

positive effect of environmental regulations (-11.2%) for this period compensates a

big portion of TFP decline bringing it down to 4.8%. In the U.S. IS industry average

dual TFP for 1994-2001 was 4.1%, the positive effect of environmental regulations (-

5.1%) resulted in average TFP growth equal to - 1%.
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Table 6. 12a Dual TFP Growth and Environmental

Regulations Impact in U.S, 1974-200 1

Year
U.S. Primary Iron and Steel

1974 -0.078 -0.014 -0.092

1975 -0.08 0.032 -0.052

197( -0.086 0.038 -0.049

197 -0.099 -0.101 -0.20(

1978 -0.103 -0.03( -0.133

1979 -0.079 -0.254 -0.333

1980 -0.112 -0.383 -0.49

1981 -0.115 -0.040 -0.155

1982 -0.085 -0.083 -0.168

1983 -0.075 -0.001 -0,07

l98 -0.06 -0.052 -0.116

1985 -0.06( 0.021 -0.03

198( -0.045 -0.01( -0.055

1987 -0.039 -0.017 -0.056

1988 -0.03 -0.062 -0.101

1989 -0.038 0.032 -0.00(

199( -0.03( 0.012 -0.OP

1991 -0.012 -0.005 -0.018

1992 0.004 0.0003 0.00

1993 0.0l( -0.003 0.00(

1994 0.005 -0.012 -0.00(

1995 0.009 0.002 0.011

1996 0.021 -0.02( 0.001

1997 0.03( -0.015 0.015

1998 0.045 -0.055 -0.01(

1999 0.063 -0.151 -0.088

2000 0.071 -0.034 0.037

2001 0.084 -0.218 -0.13



Table 6. 12b Dual TFP Growth and Environmental Regulations
Impact in Mexico, 1982-2002

Year
Primary Iron and Steel Aluminum

cE*dE/dt ERC ERCE ERE*dE/dt ER

1982 -0.00( -0.001 -O.00' -0.008 0.001 -0.00

1983 0.013 -0.001 0.012 0.013 0.00( 0.013

198 0.025 -0.001 0.023 0.01 0.00( 0.013

1985 0.019 -0.009 0.01( 0.013 -0.003 0.01(

198( 0.027 -0.005 0.022 0.035 -0.006 0.02

l98 0.055 -0.048 0.007 0.042 -0.112 -0.07(

1988 0.094 -0.072 0.022 0.055 -0.156 -0.101

1989 0.058 0.034 0.092 0.053 0.053 0.10(
199( 0.033 0.02( o.osc 0.051 0.076 0.12

1991 0.048 -0.018 0.03( 0.058 -0.107 -0.04'
1992 0.06 -0.001 0.06( 0.061 -0.008 O.05

1993 0.219 0.074 0.294 0.072 0.132 0.20

1994 0.158 -0.140 0.018 0.055 -0.11 -0.062

1995 0.235 0.122 0.357 0.077 -0.014 0.062

199f 0.275 0.108 0.38 0.066 0.000 0.066

1997 0.244 -0.091 0.153 0.062 -0.002 0.05'
1998 0.143 -0.39( -0.246 0.054 -0.146 -0.092
1999 0.101 -0.17' -0.073 0.052 -0.072 -O.02(

200 0.079 -0.118 -0.039 0.046 -0.071 -0.025

2001 0.04 -0.21( -0.163 0.049 -0.069 -0.01'

2002 0.052 0.065 0.11 0.O4 -0.025 0.022
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Figure 6.5 Dual TFP Growth Rate With and Without Environmental
Regulations Impact
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c) Mexican Aluminum, 1982-2002
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Chapter 7: CONCLUSIONS

In summary, we found that environmental regulations were a significant

determinant of restricted costs in both Mexican industries for 1964-2002. We found

insignificant impacts of environmental regulations on restricted costs in the U.S. IS

and AL industries if we estimate restricted costs for 1959-2001. However, when we

used data for 1974-200 1 we found significant effects of environmental regulations in

U.S. IS industry. In Mexican IS industry, one unit increase in number of inspections in

average decreases restricted costs by 0.4%. In Mexican AL industry, one unit increase

in number of inspections increases restricted costs by 0.3%. One-dollar increase in

pollution abatement costs in U.S. IS industry (1974-2001) decreases restricted costs by

about 7.3%.

In all industries the impact of environmental regulations on dual TFP was

negative, which means that they had positive effect on productivity. In the U.S. IS

industry the average annual impact of environmental regulations on dual TFP growth

for 1974-2001 was -5.1%. The average impact of environmental regulations for 1982-

2002 in Mexican IS industry was -4% and in Mexican AL industry it was -3%. The

results generally support the Porter hypothesis that some environmental regulations

can lead to favorable increases in productivity and decreases in costs. The average

impact of environmental regulations after NAFTA years was larger in all industries.

For 1994-2001 in U.S. IS industry the impact was -6.3%, in Mexican IS and AL

industries it was -11.2% and -6.1% respectively. Holding everything else constant,

this may suggest that Mexican IS industry has an advantage over U.S in the relative

effect of environmental regulations on productivity growth. This supports "pollution

haven" hypothesis, but in an unexpected way.
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APPENDIX A

The derivation of the relationship between primal and dual TFP growth rates,
R1 and respectively, for the restricted cost function in equation (4.21) of Chapter

4, CR = CR(Y, WL, WM, K, E, t), follows the same steps as in paragraph 4.1.3 of Chapter

4: first, differentiate C? = where i=L,Mwith respect to time,

dCR
(A.1)

dt 'dt ,

or, rewriting in terms of natural fog's,

dI?nCR dInW
+

x1 denX
(A.2)

dt CR dt CR dt

Second, substitute (A.2) into equation (4.22) of Chapter 4,

= dnX R dnY ZKK dI?nK ZEdE or (A.3)
dt dt CR dt CR dt

SR d?nX1 ZKK dnK dnY
(A.4)

dt CR dt CRdt dt

Third, substitute (A.4) into the following expression for the primal rate of

technological change, analogous to the one in equation (4.5) of Chapter 4, except, it

now includes capital as a fixed input and it also includes environmental input:

B dL?nY W,X1 dt'?nX1 ZKK d?nK
---- or (A.5)

dt '-' P, Y dt ]. Y dt P. 1' di'
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R dThY CR (w.X1 dL'nX. ZKK dI?nK ZR dE
= -

I + I, (A.6)
cit P V CR di'

CR dr C? di')

And finally, by substituting (A.4) into (A.6) and noting that CR/PyY (&Rcy)l

one obtains the relationship between primal and dual rates of TFP growth based on the

restricted cost function as:

dnY1(R
+s

dnY)_(18
(A.7)

Equation (A.7) proves that the relationship between primal and dual rates of

TFP growth rates derived in paragraph (4.1.3) of Chapter 4 for unrestricted cost

function remains the same for the restricted cost function.
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APPENDIX B: Purchasing Power Parities

Assessing productivity gains in a bilateral framework requires using

comparable data sets across countries. To achieve comparability in the TFP growth

levels of two countries data in one country's prices needs to be converted into the

prices of another country. It is common to use US dollar as a base currency. The most

direct way of comparing is to use the official exchange rate. However, exchange rates

do not indicate the average purchasing power of currencies over all goods and

services, they are subject to fluctuations, besides capital movements play a major role

in determining their level (Maddison and van Ark, 1989). Purchasing Power Parities

(PPP) have been developed and widely used by researchers for multicountry

comparisons.

PPP is a currency conversion rate that eliminates the difference in price levels

between countries. Comparative Price Level (CPL) is defined as the ratio of PPP to

the exchange rate.

OECD provides PPPs of gross domestic products (GDP) of all OECD

countries, including Mexico and US. However, using OECD index for this study is not

desirable, because it is too general. Instead, we will use PPP for 1975 between US and

Mexico specifically developed for Iron and Steel industry by Maddison and van Ark,

1989 (PPP1975 = 12.59, the exchange rate, r = 12.5, CPL1975 = 1.0072). The authors

matched 72.5 percent of items of iron and steel manufacturing of US and Mexico,

which is a good indicator. It is common to calculate PPPs separately for output,

material, labor and capital, but because we have PPP only for output, we will use it as

a proxy for all the inputs.

All of the U.S. and Mexican data are first deflated with corresponding U.S. and

Mexican Producer Price Indexes (PPI), than data is converted into index format with

1975 as a base. Afterwards data for value of shipments, capital, material and labor

expenditures of Mexico is divided by CPL1975, whereas data for material and labor

prices is multiplied by CPL1975.




