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1. Introduction and Motivation

There has been considerable debate in regulatory policy circles concerning the industrial flight hypothesis:
increases in environmental regulatory compliance costs will, at the margin, drive investment overseas.
The literature on environmental regulations and industrial competitiveness, however, provides little solid
empirical support for the hypothesis. There are several possible explanations for the weak empirical
evidence. First, the available data are limited. Second, the costs of stricter environmental regulation may
be trivial compared to other cost considerations facing the firms, or may be nonbinding because the
regulations are not enforced. Third, the costs of regulation may be offset by productivity and innovation
benefits which accrue to firms as a result of their compliance efforts: the so-called "green gold" effect.
Fourth, the predicted effect of the hypothesis, i.e., that competitiveness will fall as the cost of regulation
rises, may hold for some firms and some industries, while other firms and other industries may be
unaffected or experience the opposite effect. Thus aggregate level analysis of the effects of increased
environmental regulation have revealed insignificant results; perhaps the industrial flight and the green
gold effects negate each other; or perhaps firms for which the hypothesis holds are overwhelmed by
unaffected firms.

Each of these explanations may have some merit. In this paper, however, we explore a fifth possibility
arising from the exclusion of regulatory process costs from total compliance costs. Most empirical work
has looked for capital movement in response to differential abatement costs, predicting that investment
would flow from environmentally stringent regimes to those with laxer environmental regulations, for
example, from the U.S. to some developing countries. But if, at the margin, it is regulatory process costs
and liability risks that constitute the primary compliance cost differential, then capital flow would be
predicted to move in different ways. Unfortunately, what constitutes the total costs of compliance, or
their impact, has not been settled in the empirical literature. Jaffe et. al. (1995) provide a taxonomy of
the costs of environmental regulation, beginning with the regulators' administrative costs and the firms'
compliance costs. They also list legal and other transaction costs, and acknowledge the extra expense
generated by the legislative and adversarial approach to regulation in the U.S. Because these latter costs
are particularly difficult to measure, however, they are often dropped from models and ignored in
empirical work. It is this bias, we argue, that leads to incorrect hypotheses about the effect of regulations
on firm's investment, production, and location decisions. Our goal in this paper is to explore the
implications of these transaction and process costs and reveal empirical relationships that establish their
relevance by examining the data from a new perspective.



Section 2 begins with a review of the empirical literature on industrial flight, followed in Section 3 with
a discussion of factors affecting capital or trade flows. Section 4 presents some preliminary empirical
results and analysis, and some comments on directions for future research. We conclude in Section 5
with a summary of our results.

2. Brief Review of the Empirical Literature1

The empirical literature on industrial flight has, in one form or another, attempted to measure how the
cost of environmental regulation affects international competitiveness.2 One can group studies of the
industrial flight hypothesis either by the independent variables — regulatory compliance costs — or by the
dependent variable — changes in international competitiveness. "International competitiveness,"
however, has proven to be a difficult notion to directly identify and capture. Researchers have thus relied
on various proxies for international competitiveness: productivity measures, trade measures, direct
foreign investment and plant location choices. The proxies employed provide one convenient means to
categorize the literature.

On the other side of the equation, we might group studies according to the types of environmental
regulatory costs considered. Most studies include some measure of direct compliance costs, or abatement
costs.3 Many studies also consider the direct cost to the government of enacting and enforcing
environmental regulatory policies. The indirect compliance or process costs of environmental regulation
have, however, received sparse attention in the literature, probably because of the uncertainty and
difficulty in identifying and measuring them. This constraint implies that total compliance costs have
been systematically under-estimated. When included, there is little uniformity in the indirect cost
measures employed. Therefore, we have chosen to group the studies by the proxies of international
competitiveness they employed.

2.1 Studies Using Productivity Measures

The evaluation of environmental regulatory costs begins with the premise that compliance increases
production costs. Opponents of greater environmental regulation argue that resulting increases in
production costs will make domestic firms less productive, forcing them out of the market or inducing
them to relocate or redirect investment to a venue with a less stringent regulatory stance. Supporters of
greater regulation claim that the associated increases in production costs are not large enough to adversely
affect international competitiveness, or they may increase competitiveness by inducing technical

1This literature review was provided by Richard A. Brooks.

2Jaffe, et. al. (1995) claimed to have identified (with competitiveness defined broadly) over one
hundred studies that potentially fall within the purview of this literature.

3Direct compliance costs consists of plant and equipment investment to meet regulatory requirements
and associated increases in operating costs to industry.
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innovations.4 or leading 10 unanticipated productivity gains by improving the quality of inputs like water,
or the health of the labor force. The empirical studies described below attempt to measure the significance
of the regulatory burden on industry through productivity changes.

Many U.S. industries experienced a productivity decline during the 1970s. Barbera and McConnell (1990)
evaluated the effects of environmental regulation from 1970 to 1980 in five U.S. industries: chemicals,
iron and steel, paper, non-ferrous metals, and stone, clay and glass. They estimated the share of the
productivity decline attributable to increased environmental regulation was between 10% and 30%. Other
researchers have attempted to measure the share of the 1970s productivity decline that is attributable to
increased environmental regulations. Norsworthy, Harper and Kunze (1979) looked at manufacturing
industries and found that increased regula;ory costs were responsible for 12% of the productivity decline;
Haverman and Christainsen (1981) and Gray (1987) obtained results similar to Norsworthy, et. al.;
Dension (1979) found that environmental regulation was responsible for 16% of the productivity decline
in the business sector: and Gallop and Roberts (1983), focusing on electric utilities, estimated that
increased regulatory costs accounted for 44% of the decline in productivity.

Robinson (1995) looked at the impact of environmental and occupational health regulation on productivity
in over 400 U.S. manufacturing industries according to their four digit Standard Industrial Classification
(SIC). He measured productivity levels and growth rates from 1974 to 1986 using a basic ratio of outputs
to inputs and an econmetrically estimated production function. Robinson found the marginal impact of
regulatory compliance on productivity to be significantly negative. He found no support for the
technology-forcing hypothesis.

The costs of environmental regulation presumably do not fall solely upon the regulated industries.
Jorgenson and Wilcoxen (1990), using data on thirty-five U.S. industries from 1973 to 1985. created
a model that estimated the general effect of increased environmental regulation on Gross National Product
(GNP). Removing the costs associated with environmental regulation, their model predicted a 1985 GNP
about 1.7% higher than was actually recorded.

Assuming environmental regulation adversely affects U.S. productivity, if the costs of compliance are
roughly the same among the U.S.'s trading partners, then the reduction in productivity should not affect
the competitiveness of American firms. This issue has been given little empirical consideration as most
studies are based solely on the U.S. However, two cross-national studies in 1985, the Congressional
Budget Office (CBO) (1985) and the Organization for Economic Cooperation and Development (OECD)
(1985), found the compliance costs of environment regulation had a disproportionate impact on U.S.
productivity compared to some of its main trading partners. The CBO (1985) study estimated that
Canada's and Japan's productivity was less adversely affected by those country's compliance costs.

2.2 Studies Using Trade Measures

If industries in one country face rising production costs relative to industries abroad, then the former are
likely to become less competitive. Nations with less competitive industries will presumably have falling
net exports relative to their more competitive counterparts. Assuming that regulation increases production

4See for example, Porter (1991). Robinson (1995) has aptly referred to this argument as the
"technology-forcing" interpretation.



costs, one might expect highly regulated domestic industries to become less competitive than their
competitors in nations with less regulation, and all else being equal, have declining net exports.

Kalt (1988) attempted to test this hypothesis by analyzing changes in net exports over a decade beginning
in 1967 for 78 U.S. industries. Kalt found that higher environmental regulatory compliance cost was
associated with lower net exports for the manufacturing industries in his sample, but not for the whole
sample. Still, Kalt's findings provided some empirical support for the industrial flight hypothesis.

Grossman and Krueger (1993) and Tobcy (1990), however, found the proposed negative relationship
between compliance costs and net exports to be statistically insignificant even in manufacturing.
Grossman and Krueger looked at U.S.-.Mexico trade in the manufacturing sector for 1987. They found
that higher U.S. pollution abatement coses were not associated with higher imports from Mexico, where
compliance costs are generally thought to be lower than in the U.S. Tobey (1990) used a subjective scale
designed to represent the stringency of environmental policies in 23 countries from the late 1960s to the
early 1970s. He found that stringency of environmental policy had no significant affect on net exports
in mining, paper, chemicals, steel and metals industries.

Of course, since some industries are only marginally touched by environmental regulation their
international trade should be essentially unaffected. The opposite should hold for industries that are
greatly affected by environmental regulation. Low and Yeats (1992) looked at the distribution of U.S.
industries that had high pollution abatement costs from 1965 to 1988. They found that over the years
the proportion of these "dirty" industries fell in developed countries (particularly in North America) and
rose in developing countries (particularly in Southeast Asia.) They found that developing countries were
quickly gaining a comparative advantage in these industries. There are many qualifications and
alternative explanations for these results — some of which are discussed by Low and Yeats.5 However,
there is a clear implication that generally strict national environmental regulatory policies adversely affect
competitiveness in certain high-pollution industries. Robison (1988) reached, the same implication using
U.S.-world and U.S.-Canadian trade patterns from 1973-1982. Looking at 78 industry categories, he
identified changes in U.S.-world trading patterns as U.S. environmental regulation became more stringent
relative to the rest of the world. He did not find such changes in U.S.-Canadian trade patterns, where
national environmental regulatory policies are well aligned. There have been other empirical studies
which similarly point toward changing trade patterns as a result of increased environmental regulation:
Congressional Budget Office (1985), D'Arge (1974), Environmental Protection Agency (1992) and
Organization for Economic Cooperation and Development (1985). Nonetheless, it is not clear that the
noted changes in U.S. trade patterns were properly attributed to increased regulation. And finally, even
if the effects of environmental regulation were properly identified, the changes in trade were not
particularly large in any of the studies above.

2,3 Studies Using Direct Foreign Investment and Location Decisions

Despite popular commentary to the contrary, there is very little empirical support for the claim that
increased environmental regulation will induce firms to relocate existing facilities. There remains,
however, the question of how tougher regulation affects firms' decisions on expanding existing plants and
locating new ones. Since foreign direct investment reflects firms' willingness to invest in facilities

5Also see Jaffe et. al. (1995).



abroad, some authors have compared a country's capital inflows with their environmental regulatory
stringency to test the industrial flight hypothesis.

Leonard (1988) analyzed changes in direct foreign investment in two highly regulated U.S. industries:
chemicals and mineral processing. He found a significant increase in foreign direct investments for capital
expenditures (i.e., new plants and equipment) by U.S. firms in Brazil, Ireland, Mexico and Spain from
1970 to 1980. Overall, however, he found the changes in foreign direct investment were small. Some
of the strongest empirical results to date come from Xing and Kolstad (1995), who also focus on the U.S.
chemical industry. Using reported sulpher emissions as a measure for environmental stringency across
countries, they find that lax environmental regulations are a significant determinant of U.S. foreign direct
investment.

Unfortunately, limited international comparative data has contributed to a limited number of cross-country
location studies. Lucas. Wheeler and Hettige (1992) used toxic release data across industrial sectors to
measure changes in toxic intensity of various countries from 1960 to 1988. They found a significant
increase in toxic intensity in developing countries which could be explained by pollution-intensive
industries migrating to nations with less stringent environmental policies.6 Alternatively, it has been
noted that the increased pollution may only be a by-product of the industrialization experienced by many
developing nations during the period of the study.

Because cross-country measures of regulatory stringency are limited, several authors have focussed on
differences among U.S. states. Bartik (1988) looked at U.S. plant location decisions among manufacturing
plants of Fortune 500 companies from 1972-1978. He found that the average compliance costs for
environmental regulations had no significant effect on plant location decisions.7 Bartik also found no
significant correlation between plant location and several other measures of a state's regulatory
stringency.8 Friedman, Gerlowski, and Silberman (1992), looking at foreign multi-national corporations'
plant location decisions in the U.S. from 1977 to 1988, also found effects of environmental regulatory
stringency to be an insignificant factor.9 McConnell and Schwab (1990), looked at correlations between
regional differences in regulatory stringency and automobile branch plant locations. Using several
measures of stringency, they also found no evidence that the stringency of environmental regulation
affected plant location. Levinson (1992), looking at the U.S. manufacturing sector from 1982 to 1987,
found no significant relationship between most new plant locations and differences among states'
regulatory stringency. Levison found, however, that differences in environmental regulatory stringency
had a significant impact on some plant location choices for multi-plant companies in pollution-intensive
industries. This finding, taken with Leonard's (1988) results, supports the claim that increased
environmental regulation may significantly affect highly-regulated pollution-intensive firms and industries,

6This hypothesis presumes, of course, that developing countries are less likely to enact and enforce
environmental regulations.

7However, in a second study, Bartik (1989) found that state environmental policies had a significant
negative impact on small burgeoning companies.

8For example, state government expenditures on air and water pollution control.

9As a measure of regulatory stringency, they used the ratio of pollution abatement expenditure and
gross product derived from manufacturing in the state.



while producing a insignificant effect at :he aggregate level.

U.S.-based location studies tend to show that differences among states' regulatory policies are not a
significant factor in location decisions. It may be that the differences simply are not large enough to
capture the attention of industry decision-makers. Differences in domestic regulatory policies are tempered
by federal legislation and other direct and indirect coordination mechanisms, and regulatory disparities
are not likely to be as great among states as they are among nations.

3. Theoretical Framework

At its simplest, the theory behind the industrial flight hypothesis is that a relative increase in the cost of
doing business in one location will induce firms to substitute into alternative locations. As always, ceteris
paribus conditions including revenue opportunities and labor and other costs must be examined. The
divisibility and fixed costs of industrial activity must also be considered since firms cannot costlessly
expand and contract production in response to changes in relative costs. Small changes in relative costs
may not justify the costs associated with adjusting production or changing locations. The cost of
relocating or redirecting investment is affected by the type of industry, the company's output, the size
of its fixed and sunk costs and the company's level of experience or prior presence in the "target"
country.

Moreover, as noted earlier, some critics of the industrial flight hypothesis argue that tougher
environmental regulations may actually reduce a firm's costs by increasing the productivity of their inputs
and promoting technological and other innovations that are marketable in the long run. Some Japanese
companies and MITI are said to believe that the development technologies that meet more demanding
environmental regulations in Japan will defuse potential political opposition abroad to Japanese exports
and direct foreign investment. In a national survey of firms, Florida (1996) finds evidence that research
and development intensive firms pursuing manufacturing and organizational innovations have a greater
incentive and capacity for environmental innovations. Landy and Cass (1996), however, question how
frequently regulations provoke profit-maximizing businesses to suddenly recognize previously overlooked
productivity increasing innovations. They note Robinson's observation that technology-forcing regulations
divert "economic resources and managerial attention away from productivity-enhancing innovation."
(Robinson, p.389).

We do not directly assess this so-called "green gold" hypothesis, considering it only as a potential "drag"
on the industrial flight hypothesis. Rather, we briefly outline what we believe to be some of the most
important determinants of industrial location. Our focus is foreign direct investment (FDI), since this
seems to best represent a firm's incremental production choices among locations. The alternative is to
study outputs or trade, rather than investment, which we look at in the empirical section but do not deal
with here. We begin with a general discussion of the determinants of FDI, followed by a comparison
of how these variables are expected to differ among groups of countries.

3.1 Determinants of FDI

A firm's decision on where to spend its next dollar of investment will depend on differences in the



expected rate of return on that dollar among locations.10 The expected rate of return in any location
depends on expectations about revenue and a variety of production and transaction costs.11 Revenue will
depend on local sales, hence on the size and income of the domestic market, and on exports and exchange
rates. The more important export revenue is to the firm, the more important the host country's location
is because of shipping and transportation costs. Other production costs frequently cited as affecting
foreign direct investment decisions are wages for skilled and unskilled labor and costs related to the host
country's infrastructure.

Every state has political, legal, and possibly bureaucratic rules that impose obligations and correctively
delineate, assign, and enforce de jure rights.12 National rales can redistribute wealth and affect the
terms of trade, as well as impose compliance costs, trade impediments, and regulations. They also give
rise to a variety of transaction costs. Transaction costs here refer to expenditures that arise when
individuals or organizations try to secure their property rights and/or limit their obligations under
regulations through, for example, bribes, private security systems, and litigation.

Political or legal instability, uncertainty, and corruption increase transaction costs by increasing the
amount individuals and organizations must spend (relative to state efforts) delineating their legal
obligations and enforcing their rights. For foreign investors, political instability increases exchange rate
risk and the cost of insuring against capital destruction or expropriation.13 In a review of recent
empirical work, Levine and Renelt (199.2) found that an index of revolutions and coups was negatively
correlated with a country's investment share of gross domestic product.

Empirical explorations of the industrial flight hypothesis have primarily focused on differences in the
substance of environmental regulation — that is, the direct costs of installing the control or abatement
technologies mandated by the country's dejure regulations and laws. Total compliance costs to the firm,
however, will also depend on costs associated with the implementation process of environmental
regulations, i.e., regulatory process costs. Process costs include the opportunity costs of regulatory
delays and bureaucratic red tape; the litigation, lawyer, insurance, and certification costs of proving
compliance; and other costs arising from regulatory dispute-resolution mechanisms and legal
unpredictability. Some research indicates that these legal process costs are very salient to companies, at
least in the U.S., and may amount to a significant proportion of total compliance costs.14

The lower the government's willingness or ability to enforce compliance with its environmental policies

10There is a large literature on the determinants of FDI. We are mentioning only the most common
variables here. For a more complete discussion, see Kudrle (1995) or Xing and Kolstad (1995).

11A useful distinction between these two costs is that "Transaction costs are the cost of negotiating
a contract ex ante, and enacting, monitoring and enforcing the transfer of rights in the contract ex poste,
as opposed to production costs, which are the costs of executing a contract." (Matthews, 1986).

12Because of transaction costs the state can never fully delineate and enforce rights, dejure rights will
differ from de facto rights.

13See. for example, Barro (1991).

14See Kagan and Axelrad (1996), Vogel (1986).



- which may be determined by budgetary constraints, political feasibility, or both -- the lower the de
facto compliance cost. Firms will continue to spend additional dollars on compliance until the marginal
cost of compliance equals the expected marginal benefits from avoiding sanctions and any anticipated
benefits, such as increased productivhv. That is, each firm will determine its optimal degree of
compliance by comparing the cost of compliance15 to noncompliance, considering the probability that
noncornpliance will be detected and sanctioned. In a 1990 survey of American businesses approximately
75% of respondents had been penalized for noncompliance.'16 Sanctions include not only legal penalties
but also adverse publicity and reputational effects (the extent of which is difficult to predict). Hence
some firms, particularly high-visibility multinationals, may invest to achieve full compliance.

3,2 Ranking of Costs Across Economies

With some exceptions, differences in these production and transaction costs can be crudely ranked for
the U.S.. other OECD and developed market economies (other developed), and developing economies
(developing).17

Table 1
Cost ranking by Country Group

COST

Securing property rights

Taxes and regulations

Enviro compliance costs

Bureaucracy and delay

Dispute Resolution costs

Skilled labor wages

Unskiiled labor wages

Highest

Developing

Other
developed

U.S.

Developing

U.S.

Developing

Other
developed

Medium

Other
developed

U.S.

Other
developed

U.S.

Other
developed

Other
developed

U.S.

Lowest

U.S.

Developing

Developing

Other developed

Developing

U.S.

Developing



Infrastructure costs Developing Other
developed

U.S.

Security of property rights refers to private expenditures firms incur to protect their investment. For
U.S. investors, property rights are arguably least secure in developing countries (and therefore the most
expensive to protect) and most secure in the U.S.18 Taxes on profits, income, property and sales are
expected, on average, to be highest in other developed countries and lowest in the developing
countries19

Direct compliance costs or abatement costs are the capital and operating costs of complying with the
substance of an environmental regulation, net of the transaction costs (enforcement and monitoring) of
the regulator. Although compliance costs are the most common variable argued to lead to industrial
flight, it is the de facto, not the de jure stringency of environmental regulations that matter to the firm.
Compliance costs are expected to be highest in the U.S. and other developed economies both because of
more stringent de jure regulations and because of greater monitoring and enforcement efforts.

The observed movement of foreign direct investment from the U.S. to other developed economies with
presumed similar compliance costs implies that standard industrial flight studies may be systematically
omitting certain compliance costs considerations. We propose that one missing variable is the cost of
the regulatory process. Perhaps the most troublesome regulatory process costs are those that arise in
systems whose bureaucracy and legal institutions are pervaded by corruption and legal unpredictability,
which we assume to be highest in developing countries.20

Relative to the legal systems of other developed countries, however, the U.S.'s system is often said to
entail particularly high process costs, arising from American "adversarial legalism" (Kagan, 1991). These
costs are often more salient to firms than are cross-national differences in substantive compliance costs.21

18The ranking of the U.S. as lowest in cost of securing property rights could be questioned on
grounds that while American law in principle provides strong protection of physical and intellectual
property, the implementation of those rights in disputed cases often is very costly, due to the complexity,
expense, and uncertainty of litigation in the American legal system. Nevertheless, business people tend
to rank the U.S. highly in terms of property protection.

19Tax differentials are perhaps less important for multinational companies that can transfer price and
move profits around within their organization. Our intent is to capture some meaningful cost differences
rather than encompass all of the costs encountered in FDI.

21Discovering and negotiating the appropriate bribe can be more costly and take more time than an
inefficient incorrupt bureaucracy (Mauro, 1995). Obviously this is not the case in ail developing
countries, but according to most international business surveys it occurs more on average in this group.

2lSee Kagan and Axelrad (1996). We are talking about expense to the firm, not necessarily efficiency
or effectiveness. For example, Harrison (1995), comparing the Canadian and U.S. pulp and paper
industry, found lower rates of compliance in the Canadian cooperative regulatory approach, though other
studies have found contradictory results.
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Regulatory process costs include expense, diversion of managerial time, and delays associated with permit
applications, preparation of environments] analyses, assessing and proving compliance (e.g., monitoring,
third-party certifications, legal consultations), dispute resolution, litigation and legal uncertainty. Process
costs vary substantially across countries (as well as across regulatory programs within countries). A
wealth of anecdotal information from multinational corporations22 as well as comparative studies of
regulatory and legal enforcement styles23 indicate that as a result of a more adversarial and legalistic
style, process costs tend to be substantially higher in the U.S. than in Japan, Great Britain, Canada and
other OECD countries, which tend to employ a much less legalistic and punitive regulatory style and in
which the threat of costly litigation is far lower. American adversarial legalism also adds to direct or
"substantive" compliance costs because U.S. regulators are reported to be less willing to make
case-by-case adjustment to regulatory rules based on environmental and cost factors specific to particular
production sites and technologies.24

The final three rows list other production cost differentials hypothesized to be important to the firm's
investment decision. Firms requiring a high proportion of skilled labor are expected to face higher costs
in developing countries because of less supply. Local wages for skilled labor would be relatively higher,
or the firm would be forced to bring in foreign labor and pay relatively higher wages as compensation
for working abroad. Wages for unskilled labor are typically lowest in developing countries, followed by
the U.S. Minimum wage laws and benefits are argued to make unskilled labor most expensive in other
developing economies. Communication and transportation costs arising from a weak infrastructure are
expected to be highest in developing countries and lowest in the U.S. since among the developed
countries the U.S. has the lowest fuel taxes and a relatively deregulated truck, train, airline, and
communications industry.

4. Empirical Support

The low quality or nonexistence of cross-country data on environmental compliance costs, direct and
process, limits our empirical expectations. We have tried to innovate by using some new data and
exploring it in new ways, though we have restricted ourselves to simple statistics. Our results should be
considered exploratory; our objective is to find new evidence in the data indicating the role of regulatory
process as well as substance in investment decisions.

The first question is whether pollution intensive industries have systematically moved into other locations.
The second question is whether this movement can be attributed to differences in direct environmental
compliance costs or to regulatory process costs (adversarial legalism).

We offer two different strategies for uncovering evidence of industrial flight. The first approach
examines international trade in pollution intensive goods; the second examines flows of capital into
pollution intensive industries. These correspond to earlier models that looked for the effect of pollution

22See Kagan and Axelrad (1996).

23See Kagan (1991), and the table of studies cited in Kagan and Axelrad (1996).

24Braithwaite (1985); Bardach and Kagan (1982); Kelman (1981); and Vogel (1986).
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control measures either through changes in the balance of trade25 or in the location of industry.26

4.1 Trade Flows

We begin by looking for patterns in linked Nations Conference on Trade and Development (UNCTAD)
export data since 1967. Of interest are changes in the origin of pollution-intensive exports, where
pollution-intensity is measured by the industries producing the product.

Pollution intensity by industry can be ranked by several measures. The most common are the Bureau of
the U.S. Census' pollution abatement operating costs (PAOC) and pollution abatement capital
expenditures, (PACE). A second measure is the U.S. Environmental Protection Agency's (EPA's) toxic
release inventory (TRI) that records emissions of 320 different toxic substances.27 Combining this
output data with measures of toxicity and carcinogenic potency, a weighted measure of the human risk
factor can be calculated.

We hypothesize that environmental regulations will be most stringent in response to local air, water, and
land pollutants, rather than global pollutants like CO2, each country bears the full costs of abatement for
global pollutants, but does not capture the full value of the benefits.28 Additionally, emissions of more
visible, more measurable, and more toxic pollutants are likely to be regulated more stringently. PACE
expenditures will reflect this to the extent that the more harmful the pollutant, the more stringent the
likely emissions controls.29

We rely mostly on the pollution abatement costs and expenditures (PACE) numbers to classify
pollution-intensive industries, due to PACE'S greater industry coverage. TRI measures are used for
comparative purposes, though we have less confidence translating them into standard industrial
classifications (SIC).30 For the human risk factor weighted TRI, we use 1987 values from Lucas,
Wheeler, and Hettige (1992).

25For example, D'arge, (1974), Robison (1986), Tobey (1990), OECD (1992).

26For example, Walter (1985), Pearson (1985) and (1987), Leonard (1988). Jaffe et. al. (1995)
distinguish changes in world market share in production and foreign direct investment flows in the
industry location measure.

27For a discussion of different measures of pollution intensity see Lucas, Wheeler, and Hettige (1992).

28This may be a reason that CO2 regulation has only recently been added to the political agenda.

29Note, however, that toxicity and abatement costs are not perfectly correlated, and depend on the
relative price of substitutes for the offending process and pollutant. That is, it may be less costly to
reduce emissions of one toxic pollutant by 90% than to reduce emissions of a less toxic one by 60%.

30Our 47 TRI and PAOC measures have a correlation of .44, which is not significant. Lucas,
Wheeler, and Hettige (1992, p.81) report a correlation of .64 between PACE expenditures and the
weighted TRI index for their sample of 19 industries, .74 if printing and publishing is excluded.
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(Table 3 here or as Appendix 2)

In 1967. the data shows developing economies had a comparative advantage in a limited number of
industries: dyeing and raining extracts, synthetic tanning material (SITC 532), veneers, plywood,
improved or reconstituted wood (SITC 634), woven cotton fabrics (SITC 652), pearl, precious and
semi-precious stones, unworked or worked (SIC 667), and primary and secondary nonferrous metals
(SITC 68 and 69). By 1991. this list had expanded to include leather tanning and finishing (SITC 61),
wood manufactures (SITC 635). several more groups of textile products (SITC 65), household audio and
visual equipment (SITC 76V several categories of electrical machinery (SITC 77), cycles, motorized and
non-motorized (SITC 785). trailers and other non-motorized vehicles (SITC 786), ships and boats (SITC
793). most categories of textile finishing (SITC 84), footwear (SITC 851), watches and clocks (SITC
885). toys and sporting goods (SITC 894) and gold, silverware and jewelry (SITC 897).

Table 4 specifies the movement in relative comparative advantage in terms of percent change.35 We
have calculated percent change over three different time periods because the SITC classification is
different in the 1991 tables and may lead to some grouping errors.36 The first period is 1967 through
1991. which includes the change in SITC classifications. The second period is 1967 through 1985, a
period for which our data was consistently classified. The third period is 1981 to 1991, for which the
1981 data was reclassified according to the 1991 groupings. The last two time periods, therefore, are
the most reliable.

(Table 4 here)

From 1981 to 1991 the developed economies' RCA fell in every category. This does not mean that
developed economies no longer have a RCA. As Table 3 indicated, many ratios remain above one in
1991. It does indicate, however, that the developed economies have less of a RCA in 1991 than a decade
earlier. This can be due to a composition effect — a decline in that commodity's share of developed
economy exports — expressed as a decline in the numerator of the RCA ratio. It is impossible however,
for the share of every commodity to fall. It can also reflect a scale effect through a rise in that
commodity's percentage of the world's exports — an increase in the denominator.37 These numbers
only indicate comparative statics, they cannot support hypotheses about flows between the two groups.

It is clear, however, that in general RCA is increasing in the developing economies relative to the
developed group. This is to be expected given their starting points and the trend does not necessarily
reflect differences in environmental regulatory compliance costs. Some of the change may simply be due
to the process of development, structural adjustment and lower trade barriers, declining transportation
costs, changes in labor costs, and the strength of certain economies in the developing group like Hong
Kong. Singapore, and Korea, etc. Thus our interest is to discern any any pattern in the percent change
numbers that correspond more closely to environmental compliance and process costs.

35Some subcategories have been removed.

36There appear to be some data oddities in 1984/85, though this was not a year in which the
categories changed. Low and Yeats (1992) and others have averaged data over three years to remove
single year anomalies.

37Grossman and Krueger (1993) discuss scale and composition effects from economic growth.
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Table 5 shows differences in means for the percent change in RCA grouped into high and low labor skill
industries and high and low PAOC groups. The difference in means statistic compares averages between
two groups within a sample. For example, the first three rows in the first column of Table 5 present the
means for the sample of low. medium. and high-skilled labor for RCA ratios in developed countries from
1967 through 1991. An asterisk indicates groups where the mean difference was significantly different
than zero, and can be inferred to hold for the population with 90% confidence. An example is the mean
difference for the percent change in RCA between low and medium skill industries for developed
economies from 1981 through 1991.

RCA declined in the developed economies in both the high and low skill commodities, with the greatest
decline after 1980. RCA also declined in the last decade in the medium skill group, consisting of
commodities such as wood and paper products and machinery. The developing economies increased their
RCA most in the high skill commodities, where the developed economies suffered the greatest loss. The
developing economies initial RCA was lowest in these areas, so any growth becomes a relatively large
percent change.



Only the percent change in RCA from 1931 to 1991 was significant for both groups. The mean increase
in RCA for commodities that embody a high level of labor skill was approximately 145% over ten years,
significantly higher than the increase in RCA of 76% for low labor skill industries. This result may
reflect some of the highly industrialized economies in UNCTAD's developing economy group, such as
Singapore and Hong Kong, that can lure industry with a highly skilled labor force, and favorable wages,
tax and regulatory regimes.

To look for patterns in direct compliance costs, we chose three arbitrary cutoff points for PAOC groups:
pollution abatement operating costs equal to 1.75, .75, and .45 of output value. At points above 1.75
the sample size became too small, and below .45 differences became insignificant. Our results provide
little support for the industrial flight hypothesis: they show no significant difference in the average percent
change in RCA lost between high and low PAOC commodities in developed economies. In fact, RCA
declined in the cleaner industries (PAOC < .45) from 1967 to 1985 and improved in the dirty industries
(PAOC > = .45). Though any conclusions are very tentative from such a small sample that relies on U.S.
PAOC measures, this contradicts the industrial flight hypothesis for this period.38

Table 6 pushes the analysis further, however. It presents a simple linear correlation of percent change
in RCA for each time period with the skill level embodied in the commodity and PAOC per dollar of
output in 38 to 72 industrial groups (and TRI). Note that this bivariate correlation does not adjust for
the influence of other variables. The only strongly significant result for labor skill is the positive
correlation between skill level and RCA for developing countries from 1981-91, implying the percent
increase in RCA corresponded to an increasing skill level. For PAOC, negative correlations on pollution
cost variables for developed countries in 1967-91 and 1981-91 indicate that the higher the pollution
abatement operating costs in an industry, the more RCA fell, though the coefficients are small and not
significant. The opposite is implied by the positive sign from 1967-85. These results parallel Table 5,
and support an assertion of industrial flight only after 1981, perhaps after 1985. The results for the
toxicity measure for developed countries, though also not very significant, echo the results for the PAOC
measure. They suggest that toxicity did not negatively affect RCA in developed economies prior to 1981,
but from 1981-91, the higher the toxic risk, the higher the percent increase in RCA in developing
economies.



The strongest and most significant results are with the developing countries. Particularity in the last
decade from 1981-91, as the labor skill required for the industry rises, so does the percent change in
RCA. And as pollution abatement costs and toxicity for the industry rise, RCA falls. Both of these
results challenge the simple notion that developing countries, at least those in our sample, are increasingly
becoming havens for cheap labor and dirty industries.

Next we ran a partial correlation of PAOC and RCA, adjusting for labor skill differences across
industries. Controlling for labor skill differences did not fundamentally change the results, though it did
increase most significance levels. The results in Table 7 indicate that rising PAOC is significantly
correlated with the percent change in RCA from 1967-1991 and 1967-85 for developing countries. For
the developed countries, the positive but not significant value of .0386 for 1967 through 1985 again
suggests that much of the lost RCA in the pollution intensive industries came after 1985.

4,1.1 Separating out the U.S. trade flows

The aggregate trade data and analytic procedures described thus far give us some insight into the first
question: has there been any movement in dirty industries? Evidence suggests a small but significant
correlation between pollution abatement operating costs and a declining developed country RCA after
1981, adjusting for labor skill level. This lends support to the hypothesis that higher compliance costs
in the U.S. and OECD are driving some production to developing countries. However, alternative
hypotheses for developing economies improved RCAs, such as the importance of proximity to growing

17



markets and labor cost differentials, cannot be discounted.

The analytic steps, however, do not provide much insight into the second question: why has this
movement occurred? We require more specific data for the U.S. to test for movement in response to its
more adversarial and legalistic regulatory process. Data from the trade flow studies provide us with two
anecdotal views.

A study by Low and Yeats (1992. p.94) — after separating out changes in North American and U.S.
exports — reports that in 1965 environmentally dirty products accounted for 18.9% of world trade, with
industrial countries accounting for 77.7 % of these products.39 By 1988 total world trade in dirty
products had declined to 16%. with the industrial country share falling to 74.3%. The North American
share fell twice as much as the overall industrial country share over this period. The largest decline
occurred between 1965 and 1975. which coincides with some major pieces of federal environmental
legislation, including the 1970 Clean Air Act (CAA) Amendments and the 1972 Water Pollution Control
Act (WPCA) Amendments. This drop is paralleled in the data on the share of environmentally dirty
goods in all exports from the region, suggesting that the effect is not simply due to an economic decline.
Nonetheless, the role of alternative factors, such as the oil embargo's effect on energy intensive, dirty
industries cannot be determined by this data.

Second, using the results from another study by Low (1992), we can compare changes in pollution
intensive exports from Mexico to the U.S. and from Mexico to the rest of the world. If pollution
intensive industries are leaving the U.S. in particular in response to regulatory compliance process costs,
then imports of those products should be increasing more in the U.S. relative to other countries and
relative to other commodities. This latter distinction is important as there are obvious proximity
advantages between these two countries that encourage overall trade.

Table 8 shows the compound growth rate in Mexico's exports of pollution intensive products to the U.S.
relative to the rest of the world. The growth rate of Mexican exports to the U.S. of the two dirtiest
commodity groups (according to U.S. PAOC measures), for example, is 35% for lime, cement, and
building products (S1TC 661) and 48% tor pulp and waste paper (SITC 251), both well above the 9%
average for all dirty industries. The dirty industry average of 9% is three times the average of 3% for
all exports to the U.S. This relative growth in dirty industry exports to the U.S. suggests there may be
some particular factor such as U.S. abatement or process costs that encourages production outside of the
country.

[Table 8 here.]

Any conclusions from the data in this section, however, must be tentative. Even if the percent change
in RCA ratios clearly displayed a movement of more pollution-intensive industry to developing countries,
as with Low and Yeats (1992), it cannot be attributed solely to differences in environmental compliance
costs, for as noted earlier, it may also be due to changes in trade barriers and regimes, reductions in
international shipping costs, or just a stage of development.

392% from the EEC. 20.5% from Canada and the U.S. combined, 3.4% from SE Asia and 2.1%
from West Asia.
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4.2 Capital Flows from the U.S.

Since we are interested in separating out the effect of the direct costs of compliance from the costs of the
adversarial process, our second approach is to focus on capital movement from the U.S. For this we use
a time series of U.S. direct investment abroad (net capital outflows) by manufacturing group.

As we argued in Section 5. a firm's investment decision will depend on de facto abatement costs and
regulatory process costs, adjusting for other production and transaction costs and revenue opportunities.
Production cost differentials may dominate, as they do in most empirical work looking for industrial flight
from the U.S. to developing countries, but we are looking for firms at the margin, for whom
environmental costs will make a difference. If production and environmental compliance costs are quite
similar between the U.S. and other OECD countries, for example, then investment flows to the OECD
are hypothesized to result from process cost differences arising from the U.S.'s adversarial legalism.

Figure 1 shows the share of total U.S. net capital outflows in millions of dollars from 1977 through 1994
for six manufacturing categories: food and kindred products (SIC 20), chemicals and allied products (SIC
28), primary metal industries (SIC 33), machinery except electrical (SIC 35), electric and electronic
equipment (SIC 36). and transportation equipment (SIC 37).40 These figures are each manufacturing
category's share of total capital outflow in manufacturing for the year. Using a share figure removes
some of the effect of exchange and interest rate fluctuations that affect all capital movements and allow
us to better focus on industry differentials.

(Figure 1 here)

The industrial flight hypothesis would predict a relatively greater outflow of capital in those industries
with the highest reported pollution abatement operating costs, all else equal. Overall, the chemical and
primary metal industries are the dirtiest, as measured by PAOC's and the risk factor weighted toxic
release intensity measure, followed by food and kindred products, transportation equipment, electric
equipment, and non-electric machinery. Without considering any other factors, Figure 1 supports the
industrial flight hypothesis with the two dirtiest industries, chemicals and allied products and primary
metals, having the largest capital outflows from 1977 onward. Perhaps most interesting is how closely
the capital outflow shares of these two industries move together. The third dirtiest industry, food and
kindred products, also moves more closely with chemicals and primary metal industries than do the other
three. To the extent that pollution abatement operating costs are the common denominator, this provides
some evidence for the industrial flight hypothesis.

The periods of greatest outflow were 1981, 1986, and 1988. It is extremely difficult to attribute capital
movements to particular policies. Depending on the flexibility of the industry, the policy or regulation,
and the policy process, firms may make investment or production decisions in advance of expected
legislation, at the same time, or with some delay if time is required to react. Each policy has its own
timetable, pathway, and participants for deliberations, implementation, and. enforcement.

40Net capital outflows are "Funds that U.S. parent companies provide to their foreign affiliates (gross
outflows) net of funds that affiliates provide to their parents (gross inflows) during a given period.
USDOC, BEA 1995, p.M-3. Entries suppressed by the USDOC to ensure confidentiality of the reporting
companies appear in our database as missing observations.
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Figure 2 suggests that the bulk of this outflow was not to the group called the rest of the world (ROW),
consisting of the total group minus the European countries and Canada,41 but rather to the developed
countries. Although most of the capital to the rest of the world was from the dirtiest industries, the
difference in shares between the three dirtiest and three cleanest industries is less than for all countries
in total.42

(Figure 2 here)

The predominant capital movement of the three dirtiest industries has been to Europe, shown in Figure
3, where direct environmental compliance costs are also relatively high. The biggest cost difference
between the U.S. and these countries, we propose, arises from the regulatory process and adversarial
legalism in the U.S. Taxation and other production costs are a less likely factor, since taxes and labor
costs are at least as high in Europe as the U.S., and skilled labor is available in both. Additionally, these
three industries represent three different labor skill levels: chemicals are high skill, food is medium skill,
and primary metal industries are low skill. Although proximity to markets, domestic economic
conditions, and a desire to secure a position with the new European Union (rather than efforts to reduce
regulatory process costs'), may have contributed, this does not explain the particular unison of capital
outflows in the dirtiest industries.

(Figure 3 here)

4.2.1 PAOC by medium

One variation on most empirical work to date is to look at PAOC by media: air, water, solid or contained
waste. Our hope is to exploit differences in the potential for adversarial legalism according to the
primary medium polluted by an industry, Landy and Cass (1996, p.22) point out that the 1990 Clean Air
Act Amendments contain "...a citizen suit provision that, in coordination with the permit program,
provides fertile ground for adversarial legalism." Previously, they argue, most citizen suit activity had
arisen from the publicly accessible National Pollutant Discharge Monitoring Reports of the Clean Water
Act.

Table 9 presents correlation coefficients between PAOC by medium and U.S. capital outflow for each
industry from 1977 through 1994. Variables in the first column represent the pollution abatement
operating costs by medium for that industry. These are gross annual costs that include payments to
government, and unlike the earlier PAOC figures these are not divided by the value of the industry's
output. The top row indicates the destination of net U.S. capital outflows.

41The variable ROW was constructed to represent developing economies, as the raw data did not
provide such a grouping. This means that some developed economies such as Japan and Australia are
also in this group. An obvious extension is to remove these countries from the ROW total to have
cleaner categories according to stringency of domestic regulations.

42Transportation equipment industries had to be removed because the U.S. capital outflow was so
large in 1989 and 1990 that the required scale made movement in the other industries indiscernible.
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Table 9
Correlation of U.S. Capital Outflows Shares and PAOC by Medium:
Food and Kindred Products. Chemical and Allied Products and Primary Metal Industries

There are two striking results in Table 9, The first, for the "dirty" food and chemical industries, are the
negative correlations between PAOC and capital outflow to Canada and Europe, and the positive
correlations between PAOC and the rest of the world. Though significance levels are low, this does not
refute the hypothesis that firms are making investment decisions in response to compliance costs, and that
capital flowing out of the U.S. is directed to countries with less stringent regulatory regimes. The
positive correlation for Canada and negative correlation for Europe and the rest of the world for primary
metal industries may be a function of resource location, transportation costs and the mobility of the
industry.

A second important result follows from this observation. If, over the past 18 years, U.S. capital outflows
to Canada and Europe have been negatively correlated to the costs of compliance, then the large net
capital flows of the dirtiest industries to Europe indicated in Figure 3 must be driven by something else.
If this capital movement is not correlated with PAOC, there must be some other (common) factor(s). One
related factor is the higher costs, threats and uncertainty associated with the regulatory process for these
dirty industries, arising from adversarial legalism in the U.S.

2 1



If firms are making investment decisions based on the relative costs and legal uncertainties of the
regulatory process, and if Landy and Ca.ss (1996) are correct about the focus of citizen suits, then we
should see a greater capital outflow after the mid 1970s in those industries which are differentially high
water polluters, holding constant compliance costs. Likewise, there should be an increase in the capital
outflow of industries who primarily discharge into the air following the 1990 Clean Air Act Amendments.

To separate out capital movement in response to process costs rather than compliance costs requires an
industry in which PAOC's differ significantly by medium. Table 11 lists and ranks PAOC by media for
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each group from 1977 through 1994."43 Changes in abatement costs over that time will reflect regulatory
changes, technological changes, and output changes.

Chemicals and allied products have the highest air and water abatement costs, with air abatement costs
just under 60% of water in 1994. Primary metal industries have the second and third highest air and
water abatement costs, with water about 70% of air. These numbers suggest a relatively greater outflow
in chemicals and allied products after 1072 in response to the Clean Water Act. Food and kindred
products, with the second highest water and fourth highest air PAOC may provide the best contrast. For
that industry, in 1994 PAOC for air were only 18% of water costs. Hence we should see a relatively
greater capital outflow after 1972 in food and kindred products, and less response in 1990 to the CAA
Amendments.

*** We need a meaningful policy date for the CWA (when citizen suits began).

4.2.2 Property rights and Adversarial Legalism

We argued in Section 3 that insecure property rights could negatively affect investment. There are
various databases with political and institutional variables that are commonly used to proxy property
rights.44 We follow Mauro (1995) who uses Business International (BI) indices on country risk factors
from 1980-83 which allows us to include variables on bureaucratic efficiency as well as political
stability.45

Following Section 3's discussion, we estimate a model positing that a country share of U.S. foreign
investment in industry j (K.-SHARE) will be a function of that country's political stability (POLSTAB),
the efficiency of their judiciary (EFFJUD), the efficiency of their bureaucracy (RED TAPE), and the
level of corruption (CORRUPT). Political stability is intended to proxy the security of property rights,
while the remaining three variables proxy regulatory process costs.45 Income on investment in the
country earned in the previous year by the industry (INCj), the adult illiteracy rate (ILLIT), the number
telephone mainlines per 1000 persons (TELECOM), population (POP), and an index of the linguistic

43Capital outflows are combined for primary metal industries and fabricated metal products are
combined, but separate as PAOC measures. Rather than trying to determine an accurate weighting of
abatement costs for the category, we simply used primary metal industry numbers and refer to the
category as such.

44See Perotti and Alesina (1993) for a review of these data sources.

45 Business international is a private company with in-country analysts providing their perspective
on investors' assessments of risk and efficiency conditions. Mauro discusses the index's reliability and
the advantages and disadvantages of its construction.

46 Definitions for the BI indices from Mauro (1995, p.684) are:
EFFJUD - "Efficiency and integrity of the legal environment as it affects business, particularly foreign
firms;" REDTAPE - "The regulatory environment foreign firms must face when seeking approvals and
permits. The degree to which it represents an obstacle to business;" CORRUPT - "The degree to which
business transactions involve corruption or questionable payments."
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heterogeneity (ETHLING were other country variables included.(fn The model was also run with per
capita income included to reflect the domestic market, but it was insignificant throughout.) Lagged
income reflects many influences including, we hope, the tax and general regulatory burden, the illiteracy
rate is intended to proxy :he availability of skilled labor, telephone lines reflect the country's
infrastructure. POP reflects domestic market size, and the linguistic index is another measure of stability
on the assumption (Mauro 1995) that homogeneity decreases the possibility of ethnic conflict and
corruption from bureaucrats favoring "members of their own group" (Mauro 1995, p. 693).47

We expect the relationship between capital shares, political stability, and the process costs to be positive,
as the higher the number assigned to a country, the better their performance (for example, 9 out of 10
on corruption indicates that corruption is perceived to be low). We expect political stability to be more
important for industries with higher fixed costs. It is difficult how the BI results will vary by industry.
Perhaps a more inefficient bureaucracy is a greater deterrent to the cleaner industries. The higher the
ethnolinguistic index, the more fragmented the country, so we expect capital shares and ETHNLIKG to
be negatively related.

We estimated the model for each of our six industries — food and kindred products, chemical and allied
products, primary metal industries, non-electrical machinery, electrical machinery, and transportation
equipment — using ordinary least squares (OLS), with 1984 country shares of U.S. capital as the
dependent variable. We expect 1983 hogged industry income to be highly correlated with the other
independent variables measured in 1983. including population and the BI indices.48 The multicollinearity
resulting from our specification does no; bias our estimates or seriously change the overall fit of the
equation, but leads to high standard errors in the estimates and hence low t-statistics.

Table 12 presents our results. ILLIT, TELECOM, and POLSTAB are not reported; they were not
significant in the estimation for any of the six industries.

Mauro (1995) uses the ethnolinguistic fractionalization index as an instrument to deal with
endogenity bias in his estimation of the effect of corruption on investment.

48We considered taking first differences of these variables, but because of missing observations in
different years the sample became too small. Another alternative, using 1983 capital shares and 1982
income was less desirable because of extraordinary recession conditions in 1982.
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The BI indice results were mixed. In the primary and fabricated metal and nonelectrical machinery
industries the sign on EFFJUD and REDTAPE was negative, opposite that predicted, though not
significant. For electrical and transportation equipment, our results indicate that an increase in judicial
efficiency is associated with an increase in a country's share of investment. The amount of REDTAPE
was not a significant predictor of capital share for any industry. CORRUPT's sign was opposite that
predicted for all industries but primary and fabricated metal and non-electrical machinery, and
significantly negative for transportation equipment. This means the more corrupt the regime, the greater
the share of U.S. capital investment in that industry.

Unlike other studies, our proxy for political stability was not significantly related to investment share.49

The results are once again odd. though, for non-electrical machinery and primary and fabricated metals.
The degree of linguistic fractionalization was positive and significant (marginally so for the metal
industry) implying that investment was positively correlated with fractionalization.

Cross-sectional data, a small sample, and large standard errors may have weakened our estimates. Only
the industry's income in the previous year is a consistently good predictor of investment shares in the
following year. To try and get a better sense of the regulatory process proxies that are of primary
interest, following Mauro (1995) we collapsed the three BI indices into a single measure of bureaucratic
efficiency. Mauro (1995) defends this procedure based on the collinearity of the three indices, and
because of potential measurement error argues that the composite average index may be a more precise
measure."'50

Table 13 presents the results of a partial correlation of the composite bureaucratic efficiency index
(BUREFF) with a country's share of U.S. capital, controlling for the previous year's income from capital
invested in that industry.

Table 13: Partial Correlation of BUREFF and K-SHARE

49 Barro (1991). Levine and Renalt (1992).

50Our BI indices are also highly correlated. Correlation coefficients are: CORRUPT and EFFJUD
= .7979; CORRUPT and REDTAPE = .8599; REDTAPE and EFFJUD = .7560.
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4,3 Future research directions

The major hindrance to empirical work in trade and the environment is a lack of quality data. Three
areas in particular are weak: environnmental data (the output of industries and country-wide conditions);
regulatory substance data (the stringency of environmental and other regulations); regulatory process data
(the costs imposed by bureaucratic red tape, uncertainty, liability and litigation, and so on). There are
some reasonable proxies available for the U.S., such as the pollution abatement operating
costs, but even these are limited or unavailable. Some existing data are simply made difficult to access,
such as environmental liability insurance costs, which we hoped to use as one proxy for regulatory
process. For comparative work, however, and to test hypotheses about trade and capital movement, some
international measures are required.

Nonetheless, there are some additional avenues we can pursue with the available data. The first is to
regress a time series of country and industry characteristics affecting foreign direct investment on the
country's share of total U.S. capital outlaw by industry. This requires using various proxies for the
international variables. To get a sense of the real stringency of pollution laws worldwide, we want to
proxy de facto compliance costs by the amount of pollution per unit of output from the manufacturing
source. This approach has been used with some interesting results by Xing and Kolstad (1995).51 We
continue to hope to measure process costs, which reflect the costs of potential liability and dispute
resolution, by a U.S. insurance industry ranking of environmental liability by industry. This ranking
could then be assumed to hold across countries.

It is also important to consider the relative costs of the form of regulation used in each jurisdiction and
industry, for example, best available or conventional technology (BAT or BCT) versus a market based
incentive. With a few exceptions such as air pollution taxes in Japan, tradeable permits in the U.S., and
water pollution in the Netherlands and Germany, however, market based incentives have not been
implemented to any significant degree. Additionally, some of costs from the choice of regulatory
instrument are social rather than private, hence it seems less likely to influence a firm's decision making.

51Any difference between a subjective index of the strictness of the regulatory regime (Tobey, 1990)
and the reality of effluent and emissions can be inferred as a measure of the regulatory transactions costs
(enforcement and monitoring) for each country.
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5. Summary

Our paper centered on two hypotheses. The first was the standard industrial flight question: do the direct
abatement costs of the U.S. discourage investment or production in certain industries? The second
hypothesis, thus far ignored in the empirical literature, was does the regulatory process and adversarial
legalism of the U.S. discourage investment or production in certain industries?

Evidence of industrial flight due to abatement costs was much stronger in the capital flow data compared
to the trade data. This may be due to the UN grouping of developed and developing economies, which
includes several high income economies in the latter group and excludes the central and Eastern European
economies. .Also, capital outflows are arguably the most mobile and hence sensitive to cost differentials,
and unlike the trade data they are U.S. specific. Perhaps the biggest drawback is that it is impossible to
distinguish capital movement in response to domestic market growth rather than for export markets.

The greatest evidence of a shift in the production of pollution intensive industries in the trade data occurs
after 1985. Over the time period 1965-91. and particularity 1981-91, there is evidence that the developed
economies lost more comparative advantage in the dirtier industries. For the sample ending in 1985 these
results do not hold, and in some cases are reversed. In most cases, revealed comparative advantage also
increased more in the developing countries in the cleaner industries, with one exception from 1981-91.
This suggests an overall decline in the production of the dirtiest industries and/or a movement to
economies not included in our sample.

Another explanation is suggested by our results using the capital flow data. The ratio of U.S. capital
outflow in our sample's three dirtiest industries relative to the three cleanest industries was greater to
Europe than to our group of non-European countries (excluding Canada). In other words, Europe may-
have been gaining some comparative advantage in dirty industries. At the same time, there is a negative
correlation from 1977 to 1994 between abatement costs and capital outflow to Europe. If firms are
decreasing capital flows to Europe in response to changes in abatement compliance costs in the dirtiest
industries, but nonetheless investing relatively more in Europe in these same dirty industries compared
to non-European countries, this suggests there is some factor common only to these dirty industries, other
than abatement costs, that makes investment in Europe more attractive than investment in other countries.
We are suggesting that this common factor is the indirect compliance costs arising from the regulatory
process and adversarial legalism in the U.S.

Although our results are limited at this stage, they nonetheless provide some valuable new insights Into
the importance of considering the costs of the legal and regulatory regime as part of total compliance
costs. Any policy debate over harmonizing the substance of regulations across countries or jurisdiction
through standardized abatement costs, is incomplete without considering the differential costs of
complying to these regulations.



Appendix 1: UNCTAD (1993) economic groupings, p.vi.

Developed market-economy countries:

Australia, Austria, Belgium-Luxembourg. Canada, Denmark, Faeroe Islands, Finland, France, Germany,
Greece. Iceland, Ireland. Israel. Italy, Japan, Netherlands, New Zealand, Norway, Portugal, South
Africa. Spain, Sweden. Switzerland. United Kingdom and United States.

Developing countries and territories:

AMERICA: Antigua and Barbuda. Argentina, Bahamas, Barbados, Belize, Bermuda, Bolivia, Brazil,
British Virgin Islands. Cayman Islands. Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican
Republic. Ecuador. El Salvador. Falkland Islands, French Guiana, Greenland, Grenada, Guadeloupe,
Guatemala. Guyana. Haiti. Honduras. Jamaica, Martinique, Mexico, Montserrat, Netherlands Antilles,
Nicaragua. Panama. Paraguay. Peru. Saint Kitts and Nevis, Saint Lucia, St. Pierre and Miquelon, Saint
Vincent and the Grenadines. Suriname. Trinidad and Tobago, Turks and Caicos Islands, Uruguay, and
Venezuela.

NORTH AFRICA: Algeria. Egypt. Libyan Arab Jamahlriya, Morocco, Sudan and Tunisia

OTHER AFRICA: Angola. Benin. Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central
African Republic, Chad. Comoros. Congo. Cote d'Ivoire, Dijbouti, Equatorial Guinea, Ethipoia, Gabon,
Gambia, Ghana, Guinea. Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali,
Mauritania, Mauritius. Mozambique. Namibia, Niger, Nigeria, Reunion, Rwanda, Saint Helena. Sao
Tome and Principe, Senegal. Seychelles. Sierra Leone, Somalia, Swaziland, Togo, Uganda, United
Republic of Tanzania. Zaire. Zambia and Zimbabwe.

WEST ASIA: Bahrain. Cyprus. Iran. Islamic Republic of Iraq, Jordon, Kuwait, Lebanon, Oman, Qatar,
Saudia Arabia, Syrian Arab Republic. Turkey, United Arab Emirates and Yemen.

SOUTH AND SOUTH-EAST ASIA: Afghanistan, Bangladesh, Bhutan, Brunei Darussalam, Cambodia,
Hong Kong. India, Indonesia. Lao People's Democratic Republic, Macau, Malaysia, Maldives, Myanmar,
Nepal. Pakistan, Philippines, Republic of Korea, Singapore, Sri Lanka, Taiwan Province of China, and
Thailand.

EUROPE: Malta and former Yugoslavia.

OCEANIA: American Samoa. Christinas island, Cook Islands, Fiji, French Polynesia, Guam, Kiribati,
Nauru, New Caledonia. Niue, Pacific Islands, Papua New Guinea, Samoa, Soloman Islands, Tokelau,
Tonga, Tuvalu, Vanuatu. Wake Island and Wallis and Futuna Islands.
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