JOURNAL OF COMPARATIVE ECONOMICS 15, 582-601 (1991)

A Methodology for Testing Comparative Economic Theories:
Theory and Application to East-West Environmental Policies

PETER MURRELL
University of Maryland, College Park, Maryland 20742
AND
RANDI RYTERMAN
University of Pennsylvania, NES&%EP Pennsylvania 19104
Received July 10, 1989; revised October 1, 1990

?_E.-.m_._, Peter, w::_ Ryterman, Randi—A Methodology for Testing Comparative Eco-
nomic Theories: Theory and Application to East-West Environmental Policies

Many <.»am_u_mm of interest to comparative economists are difficult to. measure or
are unavailable for empirical research. To test for the effects of such variables, we
offer a methodology based on examining the bias that is introduced when such mma-
ables are omitted from a model’s estimation. Further, our methodology is able to use
data Eﬁ. are available only for some countries, using a procedure to estimate missing
o_umm_dm.ﬁ_oam. We apply the methodology to test whether the high level of environmen-
ws_ amn.:mm.a in East Europe can be explained by a tendency to export ooa.pao&nmw
intensive in poltution. We find no support for this hypothesis. J. Comp. Econom
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1. INTRODUCTION

wao_u._a.Bm of data aon%mmmgx% or noncomparability are almost intrinsic
:.u empirical comparisons o*.. countries with different economic systems or at
different stages of economic development. Yet there is little research by
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comparative economists that develops specialized econometric and statisti-
cal methodologies able to confront such data problems. Hence, the range of
results comparing diverse sets of countries is perhaps more limited than it
need be. In this paper, we develop a methodology that confronts more com-
mon difficulties in empirical comparative economics.

The problems that our methodology addresses are twofold. First, for many
variables of interest to comparative economists, there is only scanty infor-
mation available. This is not surprising. A variable whose chief purpose isto
explain intersystem differences will be ignored by economists uninterested in
comparative analysis. Consequently, standard sources of data might not pro-
vide adequate information on these variables. Moreover, many variables of
interest to comparative economists are difficult to measure. In our paper, we
call variables that have not been adequately measured for any type of econ-
omy nonstandard. Our methodology is developed so that we can test for the
effect of such variables on economic performance using much less informa-
tion than is usually required for empirical work.

The second data problem that our methodology addresses is the fact that
many variables are measured for some countries, but not for others. In our
paper, we call variables that have been adequately measured, at least for
some countries, standard. If one ignores the data that do exist, which is the
natural tendency when there are missing observations, useful information is
lost. Yet, techniques to incorporate partial data are not used by comparative
economists. In the following, we show how information on variables mea-
sured only for some countries can help improve the results of cross-country
comparisons.

The methodology that we offer as a remedy for these two problems builds
upon a procedure developed by Mourrell (1990) to estimate missing observa-
tions for standard variables. In the present paper, we are concerned with
nonstandard variables and their effect on economic performance. We pro-
vide a procedure to test for the importance of these variables by examining
the impact of their omission on model estimates. Our methodology uses this
information as the basis of a nonparametric test.

In the next section, we motivate the methodology and show its relation to
existing empirical work. In particular, we show that our methodology gener-
alizes existing techniques. Our generalization makes previously implicit as-
sumptions transparent through formal specification of the model, while al-
lowing for flexibility in the application of the technique. In Section III, we
present the basic model and discuss the types of hypotheses that economic
theory could generate for such a model. In particular, two variants of hypoth-
eses are examined. Since the properties of our methodology are slightly dif-
ferent under each of these two variants, we discuss those properties in two
separate sections. The details of the econometric and statistical methods are
presented within the discussion of the first, and more straightforward, vari-



1«

R
an

of -

01
Coy
All

584 MURRELL AND RYTERMAN

ant in Section IV. Section V examines how the assumptions underlying the
methodology must change as a consequence of the differences in the a priori
information offered by economic theory in the two variants.

In Section VI, we present an example of the application of our methodol-
ogy by examining the effects of environmental policies on foreign trade in
East Europe and in market economies.> Testing for such effects has been
difficult, given the lack of reliable data on the stringency of environmental
policy across countries and on the determinants of foreign trade of East
European nations. Using our methodology, we are able to derive empirical
results despite these missing data. We present our conclusions in the final
section of the paper.

Given our knowledge of the problems associated with East European data,
we case the discussion of our methodology in terms of comparisons of social-

ist economies (SEs) and market economies (MEs). However, the techniques °

that we develop are certainly relevant for a much wider set of comparisons,

since the types of data problems that we address are almost inherent to -

cross-country empirical exercises. Moreover, we discuss our procedure with
the use of foreign-trade data in mind, although the methodology is certainly
applicable to problems other than foreign trade.

II. MOTIVATING THE METHODOLOGY

The general model that we use is

where y; is a measure of trade performance in good i by country j. z;
measures characteristic k of the domestic economy of country j. In the fol-

lowing, we call the z;; factor endowments, but this term is used broadly, to -

include the nonstandard endowments discussed above. The by, are coeffi-
cients.? In the analysis, there are T countries, N internationally traded goods,
and S factor endowments. - ,

The one restriction embodied in this general form is that of linearity. In
fact, standard trade models do satisfy this restriction, for example
Heckscher—Ohlin (Leamer 1984, pp. 158-159). Moreover, in practical ap-
plications of nonlinear models, it is common to resort to linearization.

2 For another application of this methodology, see Ryterman (1991).

3 The.general model is assumed to apply to all countries, regardless of economic system.
Although this assumption may appear strong, analogous assumptions are embodied in the
majority of tests for systemic differences. For example, consider tests in which a dummy variable
is used to account for the effects of economic system on performance. In this and all other cases
of nested hypotheses, the models for each system have been embedded in a single higher-level
structure.
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Given also that our methodology could be adapted for nonlinearities, little is
Jost in this presentation by focusing on a linear model.

Let us suppose that endowments 1 through S-1 are standard endowments,
so that their values can be measured, at least for MEs. Such endowments
might be the capital stocks, labor forces, and resource endowments of coun-
tries. Now, suppose we are interested in testing for the effect of a nonstan-

- dard endowment on the pattern of international trade. Let this nonstandard

endowment be the Sth endowment. Because of the nature of this variable,
we might not have any data on endowment S the zg; are unknown. We
assume, however, that the direction of the effect of endowment S on the
trade of each good, captured in the signs of the b;s, is known.* Our objective
here is to test hypotheses about the relative values of the zg; on SEs and MEs,
given the information on the b;g.

As s easily seen from (1), there is much extraneous information that must
be taken into account in conducting tests. One must consider the effects of
endowments that are not of central interest (z;, K = 1, ..., S — 1) as
predicted by the parameters describing the relationship between endow-

_ments and trade (bg, k=1,...,S— 1). Either one must find a means of
controlling for these effects using existing data sources, or one must make

strong ceteris paribus assumptions about the effect of these extraneous vari-
ables on the relationship between foreign trade and the endowment of inter-
est. This trade-off between obtaining more data and making extra assump-
tions is best exhibited with reference to two existing approaches to examin-

S . , . _ing the information embodied in trade flows.
Q\Q“m@tﬂn&m\. Nuwu...uz&nwu...uﬂu AHV
=1 : . .
 cal prowess betweeen SEs and MEs.> He examines their trade flows for sec-
 tors in which technology is most important. By comparing these statistics for

First, consider Drabek (1983), who focuses on differences in technologi-

countries with different types of economies, he makes deductions concern-
ing variations in technological prowess across systems. The assumption im-
plicit in this analysis can be seen using (1). Suppose that endowment S is the
level of technological prowess of a country and that Sector 1 is the one in
which technology is thought to be most important. Drabek uses commodity
export-import ratios as the measure of trade performance, y;. Therefore, b, g
measures the effect of technological prowess on that ratio for commodity 1.
Given the importance of technology in Section 1, this effect should be posi-

- tive and large.

A comparison between an ME, say country j, and an SE, country m, is of

M8355%82._wmma56&%5Uﬁm\:uaw,mmn&u@m,oE&m SEEmSmmcho
- that - : :

4 In the context of our specific example, we consider the possible sources of such information

© on the signs of the b;s.

5 Murrell (1990, Chap. 4) undertakes an analysis that follows that of Drébek.



tc

£
an
of

01
Cop
Ally

586 MURRELL AND RYTERMAN

S—1

s-1
> byzi; = 2 buczims (2)
k=1 k=1

then zg; Z Zgy, follows immediately from knowledge that y;; = y,,,. That s,
suppose that the net effect of all standard endowments on trade in commod-
ity 1 is the same in country /2 as in country j. Then, one can conclude that
technological prowess is greater (less) in country j if its measure of trade
performance in commodity 1 is larger (smaller) than that of country m. A
priori, the assumption in (2) is not very appealing, of course, particularly
when data limitations preclude its verification. But, one might be able to
justify this methodology in special cases. If one assumes that technological
prowess is vital to the production of commodity 1, then b,s might be so large
that differences between byszs; and byszZs, will dominate differences in the
two expressions in (2). This might be the case particularly if countries j and’
m are matched so that their extraneous characteristics are similar.

The assumption embodied in (2) is strong. An alternative approach, al--
most the opposite tack, is taken by Rosefielde (1973), who uses the classical

Leontief methodology to evaluate the rationality of Soviet trade. Leamer

(1980) places the Leontief methodology in the perspective of the’

Heckscher—-Ohlin model. Consider the square version of Eq. (1). Denoting
as a; the elements of the matrix that is the inverse of the matrix comprising

the by, then the inverse of (1) can be written as

N
Zyj T MW ;i Vij- 3)

One can then obtain estimates of the standard factor endowments, z ;, using

data on the a; and net exports as the measure of foreign trade performance,

vy~ Hence, one obtains an estimate of the amounts of standard factor endow-
ments that are consistent with a country’s foreign trade patterns.® Then, if

one is concerned about whether nonstandard endowments have affected

trade patterns, one might compare the estimates of the standard factor en-
dowments obtained from trade patterns to information about the levels of
factor endowments obtained directly. If there is an obvious inconsistency
between these two sets of information, then one might want to attribute that
inconsistency to the effects of some unknown nonstandard endowment,

such as economic system. This is the essence of Rosefield’s (1973) analysis,

recast in terms of our model.

The approach described in the previous paragraph does not rely on the

type of strong assumption that was made in Eq. (2). But, there is a cost, the H

6 Although, for the sake of brevity, we have glossed over some important details, this is the

essence of any procedure that follows the original Leontief methodology or its modern variants.

TESTING COMPARATIVE THEORIES 587

data requirements are large. Not only is knowledge of the a; required, but
also, in order to judge whether the factor content of foreign trade is appro-
priate for a particular country, one must have information on that country’s
actual factor endowments. The lack of strong assumptions is, of course, the
concomitant of the data requirements. Given such data requirements, it is
obvious that this procedure will be generally inapplicable in a multicountry
context.

Using foreign-trade statistics to test hypotheses about the effects of non-
standard variables, one must steer a course between the Scylla of overly
strong ceteris paribus assumptions and the Charybdis of requiring so many
data that results are available for only a few countries. Given limited stocks
of information, one cannot escape this dilemma. However, one can choose
an intermediate point between the extremes exemplified by the approaches
of Rosefielde and Drabek by efficiently using data that are available on only
a subset of countries. This paper presents a methodology that uses such
partial data, allowing one to choose among the continuum of alternatives
that summarizes the trade-offs between strong assumptions and large data
requirements.

III. THE BASIC MODEL

Brevity of presentation requires that we use matrix representations for the
basic equations in (1), which now have error terms added,

Y=BZ+E, (4)

where YisNX T,BisNX S,ZisSXT, and E is the N X T matrix of error
terms. Usually, it will be true that T> N> § and it is important for our
methodology that this be the case. This double inequality can be ensured
easily by appropriate aggregation of the international-trade data.’

We now partition the sets of country and endowment indices to produce
a model that corresponds to the empirical problem described above. First,
we divide the countries into two groups, SEs and MEs. Let there be Ty MEs
and T, SEs (T + T, =T).

Second, let us take into account the fact that varying amounts of informa-
tion are available on the different factor endowments. Then, S, is the set of
indices of factor endowments for which data are available across all coun-
tries, and S, is the set of factor-endowment indices for which data are known
for MEs, but not for SEs. We assume that the last endowment, the Sth, is the
nonstandard one that is the focus of the tests. Denote by S5 the set compris-

7 The variables for which data are least easily available are the factor endowments. Therefore,
the fact that there are fewer factors than goods will follow from considerations of data avail-
ability.
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ing only the index .S. We take 1 to be the index of the constant in the system
of equations in (1) and denote by S, the set comprising only the index 1.
Now, we can economize on notation by letting S; stand for both subsets of
the indices of factor endowments and the numbers of indices in those sets.
Hence, Sy + S; + S, + S5 = S. Thus, the matrices in (4) can be partitioned in
a manner corresponding to the partitions of the indices of countries and
factor endowments, obtaining

[Y,1Y,]=[BolB,| B,IB;] - +IEIBL (5

where Y;is an N X T; matrix, B; isan N X §; matrix, Z;isan S; X T; matrix,
and E;is an N X T; matrix. Hence, the subscripts on the submatrices show
which data they contain. For example, Z,, contains factor-endowment data
for all variables z;, where i € S, and j € T),.

This new representation of the basic equations imparts to the methodol-
ogy both flexibility and practicality. The partitions correspond to patterns of
data availability that are frequently encountered in comparative work. For
example, for some variables, it is quite usual to be able to obtain data for the
MEs, but not for the SEs. Such data would appear in the penultimate row of
the partitioned Z matrix. Variables for which comparable measures are avail-
able across all countries appear in the second row of the partitioned matrix.

Obviously, we are interested primarily in the significance of the terms
B3Z;, and B;Z,, and the differences between them. These terms capture the
effect of the non-standard endowment on trade in MEs and SEs. To con-
msdoﬁ tests, we must formulate hypotheses summarizing the alternative possi-
bilities for B;Z;, and B,Z,,. Here, we consider two variants. The first as-
sumes more a priori knowledge about the nature of these terms, but, conse-
quently, requires less stringent assumptions to justify the econometric
procedures.

Variant 1. Let us suppose that we wish to test whether the Sth endowment
causes trade patterns to differ across countries. Perhaps, previous researchers
have not considered the Sth endowment to be an important determinant of
mnﬁn patterns. However, a new theory tells us that cross-country variations
in the zg; do produce differences in the trade patterns of countries and that
these differences will be prominent when comparing MEs to SEs. An exam-
ple of this endowment is the laxity of environmental policy.

Given the variant presented above, we can formulate the following ver-
sions of the null and alternative hypotheses:
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H,: Byzs; = 0 and Bszs,, = 0, where jis any ME and misany SE, and 0 is
the zero vector of dimension N.
H,: Byzg; # Bszs,,, where j and m are defined as before.?

Under H,, sufficient information is typically available to predict the relative
sizes of the paired elements of B;zg; and B,zg,,. The direction of the inequal-
ity relating each pair depends on the sign of b;s and the size of zg; relative
to Zsm-

Variant 2. The focus in the second variant is on a situation where one must
assume that the nonstandard endowment affects trade, but one is not sure
whether there is any systematic difference between the SEs and the MEs in
the size of this endowment. An example of such an endowment might be
level of technology. Given this formulation of the problem, the hypotheses
can be written as:

Hy: E(Byzs;) = E(Bszs,), wWhere j is any randomly selected Me, m is
any randomly selected SE, and the expectation is understood to be
a subjective one, given the random selection of j and m.

H,: E(Bszs;) # E(Bszsy), given j, m, and E(.) defined as before.

Once again, under H,, information is typically available to predict the rela-
tive sizes of the paired elements of E(B,zs;) and E(BsZsy,)-

Before analyzing each variant separately, we close the description of our
model with the characterization of the error terms, which is necessary in
order to estimate the system in (4). This characterization is obtained by
resorting to the general assumption, implied by either null hypothesis, that
the same process generates trade outcomes in all countries. Such an assump-
tion is obviously implicit in the formulation of the equations in (1) and is
necessary in any analysis that compares MEs and SEs within a single frame-
work.® Therefore, the stochastic process generating the error terms is as-
sumed to be constant across countries: E(e;e,;) does not vary with j.

We also assume that all systematic factors affecting trade patterns are
captured in the model. Therefore, if one knew that country Jj has a particular
feature that affects the error term in the equation for good i, one could not
use the information to deduce anything about the probability that country m
will possess, or lack, the same feature. Thus for all i, E(e;€;,) is assumed to
be zero for j # m. To derive maximum-likelihood estimates, we use the usual
assumption that the error terms are normally distributed.

To make these assumptions precise, we use e.; to denote the jth column of

& Obviously, the possibility omitted in the two hypotheses is that Byzy; = Bjzy, # 0. The
alternatives assumed in the theory underlying Scenario 1 rule out this case.

9 Using some of the techniques presented here, Murrell 1990) derives methods for examining
whether this assumption is correct.
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E; thus e, ; contains all errors pertaining to country j. Similarly, e;. denotes a
row of E. Then, the assumptions on errors are:

E(e;)=0 (6)

E(eje';) = W,ageneral NX N symmetric matrix; (7
E(e;.e).) is a diagonal matrix; (8)

e.; is distributed N(0, W). 9)

Implicit in the above is the assumption that the error terms are distributed
independently of all the other terms on the right-hand side of the equations
in (1). The assumption is a necessary condition for the consistency of the
particular estimating procedures that we present below. This point becomes
especially important when we develop the assumptions necessary for the
procedures to work on Variant 2.

IV. THE TEST: VARIANT 1

The tests are most easily described in Variant 1 and, therefore, we begin
with this case. Under the null hypothesis, the non-standard endowment §
has no effect on the pattern of trade of any country. In this case, Egs. (5)
simplify to:

[Y,1Y,]1=[BolB1\By] | Zn|Zy, |+ [EIE,]. (10)

Then, as shown in Murrell (1990) and explained below, all of the un-
knowns in this system of equations can be estimated. These unknowns in-
clude both the parameters B; and values of the standard endowments that
are unknowns for the SEs, Z,,. Using a ~ symbol to indicate an estimate of

the relevant parameter or observation, define:

% “ _HWO_mw_WNH NB& M “ N: N.W.N.

Given the above assumptions, the following equations define the maximum-
likelihood estimates of [10]:1°

10 See Murrell (1990, Chap. V) for a proof.
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B=YZ'(ZZ"™ an
W= (Y-BZ)Y-BZ)|T (12)
and
Zyp= Amu&\lﬂm&lmn&\lg%m - m.oNoN - B\Z,,). (13)

These equations are analogous to those of standard statistical procedures.
For a given value of Z,,, Eq. (11) defines B as the ordinary least-squares
estimate of the coefficients of a set of N independent linear equations. Given
values for Z,, and B, W is calculated by simple algebra. Then, given values
for B and W, the estimate of Z,, in (13) can be interpreted as the generalized
least-squares estimate of the coefficients of a set of equations in which the
elements of Z,, are viewed as parameters and the elements of B as variables.

The formulation of the tests now proceeds by noting that, under the null
hypothesis, [Y;|Y,] = BZ is a consistent estimate of trade patterns for both
sets of economies.!! However, under the alternative hypothesis, the omission
of the nonstandard variable will result in systematic differences between this
estimated matrix of trade patterns and [Y,|Y,]. The tests search for the
presence of these differences, focusing on the patterns of estimated errors,
[Ei|E] =Y Y2l - [T, | Y]

In order to conduct the tests, two further items of information are needed.
First, one must formulate expectations about the relative size of zg; in MEs
and SEs, assuming that the alternative hypothesis is correct. Economic
theory, which drives the alternative hypothesis, will usually form the basis of
these expectations. Without loss of generality, we assume that, under the
alternative hypothesis, SEs have a larger endowment of S than MEs.

Second, we require information on the signs of the b;s across equations.
Based on the signs of the b;s, we divide the goods indexes into two sets. Letus
denote these sets, and the numbers of indexes that they contain, N; and N,,
so that the b are positive when i € N, and negative when i € N,.

Next, the model is estimated using the procedure described in equations
(11) through (13). Now, we can define the following function:

NﬂA%cvl.h H wwmﬁuvcmﬂammz_
=1 ifé;<0andi€N,
=0 otherwise

Then for each country j, the score R; = Z X, F(é;) can be calculated.

Under the null hypothesis, there is no reason to expect that the R; differ
between SEs and MEs. Given the assumptions in (6), E(é;) = 0. Thus,
E(R;) = N/2 for every country, regardless of economic system.

11 Consistency follows from the use of maximum-likelihood methods.
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Now, under the alternative hypothesis, a variable has been omitted in the
estimation, b;szg;. For simplicity, we assume that the mean value of zg; over
the sample of countries is zero, which, given previous assumptions, implies
that zg; will be negative for MEs. Nothing, except unenlightening extra se-
mantics and algebra, is gained by assuming a nonzero mean.'? In this case,
E(é;) = b;sz;. Given our sign conventions defined above, we can predict
that é; has a positive expected value if either j is an SE and i € N, or jisan
ME and i € N, . Similarly, &, will have a negative expected value if either j is
an ME and i € N, or jis an SE and i € N,. Hence, the expected value of R;
differs between the two sets of countries under the alternative hypothesis.
Then, the test can be based on a simple application of the binomial dis-
tribution.

Let

Rf= 2 R/(N-Tp), fork=1,2,
JE€Tk

remembering that 7, is the set of indices of the MEs and also the number of
such economies, with T, playing the same role for the SEs. Under the null
hypothesis, RY and R} are distributed as binomial proportions with the same
expected value. Hence, under the null hypothesis (R — RY) has mean zero
and variance consistently estimated by

*, _ R* « R¥ . R¥
Tﬂ (1 wV=H ; where R* = 11 Rt + T, Ry

N 7, T, T

The normal distribution is a reasonable approximation to the binomial for
large enough sample sizes, in the present case when NT is greater than 10
(Snedecor and Cochran, 1980, p. 118). Then, the test to determine whether
the nonstandard endowment affects trade patterns boils down to conducting
a test using the normal distribution to determine whether (R — RY) differs
significantly from zero.

V. THE TEST: VARIANT 2

The null and alternative hypotheses of Variant 2 admit a wider range of
behavior than under Variant 1. Hence, given the same data availability
under both variants, stronger assumptions are necessary to conduct the tests.
Under Variant 2, theory leads us to the judgment that the non-standard
endowment, the Sth, varies between countries and significantly affects trade.
The question to be answered by tests is whether the endowment differs signifi-
cantly between SEs and MEs.

12 Given that zg, is an omitted variable, its mean value is absorbed into the constant terms of
the regressions. See Ryterman ( 1988) for treatment of the more general case of nonzero means.
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In the present section, we examine the assumptions that are required by
our methodology when the competing hypotheses are given by Variant 2. In
stating these assumptions, we do not argue that they must hold in general.
Rather, the purpose is to gain insight into how one might choose a sample of
countries and commodities that satisfy the requirements of the meth-
odology.

The following remarks address the question of the circumstances under
which equations (11), (12), and (13) consistently estimate the system (10)
when the null hypothesis of Variant 2 holds. To see the problem in its sim-
plest terms, compare (10) and (5). Under the null hypothesis of Variant 1,
these two systems are identical. However, under the null hypothesis of Vari-
ant 2, one must take zg; into account. Since this variable is not observed, it
will become part of the error terms when applying equations (11), (12), and
(13) to estimate (10). That is, the error terms are now (b;szs; + €;), rather
than e;. To understand the conditions under which the estimates are still
consistent, one must examine when (b,5zs; + €;;) has the same general proper-
ties that were assumed for ¢; in Section III above.

In the following, once again, we assume that the mean value of zg; over the
sample of countries is zero. Hence, without loss of generality, we can take (6)
to hold for (b;szs; + €;)."* For the analog of (7) to hold for (b;szs; + €;), we
require that E[(b;szs; + €;)(b,szs; + €,;)] not vary with j. Here, we must
interpret the expected value in a subjective probability sense, as in the null
hypothesis. That is, for any randomly selected country, j, we have no infor-
mation to predict the size of its Sth endowment. Therefore, the constancy
over j of E[(b;szs; + €;)(b,szs; + €,;)] follows from the lack of information
on the Sth endowment as expressed in the null hypothesis, not from any
actual constancy in the values of the Sth endowment.

For the analog of (8) to hold for (b;szs; + €;), we require that E[(b;szs; +
€;)(bisZsm + €m)] equals zero when j # m. Implicit in the null hypothesis is
the assumption that the size of the nonstandard endowment in one country
is independent of its size in a different randomly selected country. By know-
ing one country’s endowment, one does not gain any information about
another’s. Together with the existing assumptions on ¢, this implies that
E[(biszs; + €5)(biszsm + €m)] is Zer0.

The assumptions in the three previous paragraphs can be regarded as in-
nocuous. They follow form the essential nature of the null hypothesis that no
information about the Sth endowment is implied by knowing the country’s
index number or the endowments of other countries. However, these as-
sumptions are not sufficient to guarantee the workability of our methodol-
ogy in Variant 2. More problematical assumptions follow.

13 Throughout this section, we continue to assume that (5), (6),(7), and (8) hold for the ¢;.
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In deriving Egs. (11), (12), and (13) as the maximum-likelihood estimates
of (10), it was assumed that the errors are independent of other terms on the
right-hand sides of those equations. Hence, if the estimates of (10) using Eqgs.
(11), (12), and (13) are to be consistent when the error term is (b;sz5; + €;),
zg; must be independent of (z,, . . . , z5—, ;) asj varies. The Sth endowment
must vary across countries independently of the other endowments. Obvi-
ously, this assumption will hold only either in special cases or if the sample of
countries has been carefully chosen in order to satisfy the assumption.

To understand the final additional assumption necessitated by Variant 2,
reflect upon the interpretation of Eq. (13) offered in the paragraph following
the presentation of that equation. Equation (13) can be interpreted as the
generalized least-squares estimate of a relationship in which the z;;, K € S,
and j € T, are viewed as coefficients and the by, k € S,, are viewed as data.
Then, if (b;sz5; + ;) is to be independent of all data on the right-hand side of
equation (10), it is necessary to assume that b, varies over commodities, 7,
independently of b, k € S,. The implication of this assumption is easy to
summarize only in a situation where the theory underlying (1) has been
made explicit. However, the most prominent candidates for that theory
would lead to the interpretation of the b, as representing parameters of the
production process.'* Thus, this assumption can be viewed as requiring that
the intensity of use of the Sth endowment should vary across sectors indepen-
dently of the intensity of use of endowments in the set S,, those endowments
for which no data are available for the SEs. The degree of faith in this as-
sumption, therefore, will depend critically on the amount of data available
on the SEs.

Asis made transparent in the previous paragraph, the absence of complete
information creates the need for extra assumptions. When this point be-
comes clear, objections to making the assumptions lose some force. It is
obvious that similar assumptions must be implicit in existing analyses that
rely on the same data sets. Seen in this way, an important property of our
methodology is that it forces explicitness of the assumptions that might be
hidden in analyses using a less precise theoretical and statistical framework.

Armed with these assumptions, the methods developed in Section IV can
now be applied. Equations (11), (12), and (13) provide consistent estimates
of (10)."® Under the null hypothesis, the estimated errors for each country
are randomly distributed around zero. This will not be the case under the
alternative hypothesis. As described above, information on the cross-sectoral
importance of the Sth endowment can be used to conduct tests based on the

1 For example, see Leamer (1984).

13 We have not strictly provided a proof of consistency. However, consistency follows from
the fact that the error terms including the effect of the nonstandard endowment have the same
properties as assumed for the error terms in the previous section.
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normal approximation to the binomial. There is no need to describe these
tests here, for they are identical to those developed under Variant 1. In the
following section, our methodology is applied to study the implications
of systemic differences in the stringency of environmental policy across
countries.

VI. AN APPLICATION

The level of environmental degradation in East Europe has been a focus of
attention in recent years, especially since the political changes of 1989.
Slama (1986) shows that there are substantial differences in the level of
sulfur dioxide emissions between socialist and capitalist countries and that
these differences cannot be explained simply by variations in levels of aggre-
gate economic activity. He provides a partial explanation for these differ-
ences, including the high-energy content of East European production and
the use of high-polluting energy sources, especially brown coal. However,
Slama (1986, pp. 287 and 292) concludes that the relative pattern of primary
energy use across countries accounts for only part of the differences in sulfur
dioxide pollution between East and West.

In the application of our methodology, we consider another explanation
for differences in the level of pollution between East and West, differences
in the share of pollution-intensive commodities produced in each region.'¢
Presumably, environmental policy is more lax in the East than in the West,
reducing the relative cost of producing goods intensive in pollution in the
East.!” In this case, trade provides an opportunity for countries in East Eu-
rope to specialize in the production of pollution-intensive goods, while coun-
tries in the West specialize in goods not intensive in pollution.!® Indeed, this
presumed pattern of specialization is implicit in much of the popular com-
mentary that characterizes the causes of East European environmental degra-
dation. In that commentary, the communist leaders are presumed to have
sold the environment cheaply in order to earn foreign exchange to pay back
their hard currency debts.

The success with which East European governments have been able to
translate environmental degradation into hard-currency exports can be eval-
uated using the methodology developed above. Typical cross-sectional mod-
els of trade, such as Heckscher—Ohlin, show that the relationship between
trade performance in a specific good and factor endowments is constant

16 Here the term pollution-intensive good is used to mean a good whose production produces
more than average levels of pollution or requires more than average amounts of pollution-abate-
ment cost,

17 Some East European countries have had very strict environmental laws and standards, all
of which seem to have been flagrantly ignored.

18 See McGuire ( 1982) for a theoretical discussion of this point.
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across all countries (Leamer, 1984 ). In the present application, we use this
model and view the laxity of a country’s environmental policy as one of a
country’s factor endowments, in addition to the more traditional endow-
ments of labor, capital, and land.'®.

Treating environmental policy as an endowment and using a model that
corresponds to (1) above, Tobey (1990, p. 192) conducts an empirical analy-
sis of market-economy trade and finds that “the stringent environmental
regulations imposed on industries in the late 1960’s and early 1970’s by most
industrialized countries have not measurably affected international trade
patterns in the most polluting industries.”* Thus, there is no empirical
evidence to suggest that differences in environmental regulation affect the
structure of trade between market economies. In this case, the present empiri-
cal exercise is consistent with the structure of Variant 1 of our methodology.
Hence, we do not make strong assumptions concerning the cross-country
correlation between the environmental resource endowment and other re-
source endowments in order to apply our tests.

The trade model that we use is also consistent with the equations in (1),
but two data limitations distinguish our precise specification of the model
from Tobey’s and others who consider only market economies in their re-
search. First, the standard data set on national factor endowments, complied
by Leamer (1984) for 1975, does not extend to East European countries.
This problem is solved by using our methodology to estimate these endow-
ments, as described above.

Second, there is no source of foreign-trade data that provides comparable
observations for both CMEA and non-CMEA countries on levels of trade
within commodity categories sufficiently disaggregated for the present study.
This problem, as well as the solution we adopt, is described in detail in
Murrell (1990). To measure the trade performance of countries, we use
mirror statistics on exports and imports for 1975, derived form the reports of
Western countries compiled by the United Nations. Because these mirror
statistics do not include data on intra-CMEA trade, they can only be consid-
ered to capture the structure of trade, and not levels of trade. Hence, the
standard Heckscher-Ohlin model must be recast to derive a relationship
between the structure of trade and resource endowments.?! In this case, the

¥ To justify this viewpoint, think of the degree of laxity of environmental policy as being
directly related to the amount of pollution emissions that a nation produces. Moreover, as is
common in environmental economics, view those pollution emissions as an input into the
production function of firms. Hence, laxity of environmental policy plays an exactly analogous
role in the production structure of a country as the more usual factor endowments.

* Complementary research conducted by Leonard (1988), Pearson (1985, 1987), and
Walter (1982), using alternative methodologies and data, confirm this result. Incidentally,
Tobey (1990) used our methodology, among others, to test his hypothesis.

2 For details, see Murrell (1990).
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y; measure country j’s net exports of commodity i uogmmNaa cmmwm country
j’s total volume of trade and the z,; measure country j’s per-capita endow-
ment of resource k. The model is estimated for 46 market economies and 9
socialist economies. Eleven standard endowments are included: capital,
three types of labor, four types of land, and three types of minerals. Data on

- these endowments for market economies are provided by Leamer (1984).%

Given that measurements of the laxity of environmental policy are highly
imprecise, we view this endowment as nonstandard and test its effect of trade
performance using our procedure. In view of the empirical oﬁagma pro-
vided by Sldma (1986) and popular commentary, we assume that this vari-
able, zg;, is larger in socialist economies than in market .moouonz.om.

The b, represent the amounts by which the normalized net oxmuoi.m of
good i change with an increase in the laxity of environmental K@Ewﬁos.
This interpretation suggests a source of information for determining Eo sign
of the b, for each commodity i. If a product requires much co:ﬁﬁp or
pollution abatement in its manufacture, then more of that vnoacoﬁ will be
exported as laxity in environmental policy increases. Similarly, if a E.oa&ﬁ
is not pollution-intensive, then less of that product will be exported as laxity
increases. Thus, the signs of the b;s depend on the pollution intensity of
commodities.

Following Tobey (1990), we assume that the ranking of industries accord-
ing to pollution intensity does not vary across countries.”” In this case, we
can use the share of pollution abatement costs in total costs in the United
States to indicate the pollution intensity of commodities. These data were
reported in Kalt (1985) for U.S. industries and were matched to the 3-digit
level of the Standard International Trade Classification (Rev. 1) (SITC) for
the purposes of the present exercise. Then, the 3-digit SITC goods were
divided into two sets, those whose production requires relatively _.ﬁm@
amounts of pollution or pollution abatement costs and those requiring
smaller amounts.2* Within each of these sets, 10 commodity aggregates were
produced from the much larger number of 3-digit SITC categories. The
methodology of principal components was used to produce each set of aggre-
gates. Hence, there remained 20 aggregates, half pollution-intensive and half

2 For more precise details on the data, the reader should consult Leamer (1984, Chap. 4)and
Murrell (1990, Chap. 2). . o

23 This is a weak form of the assumption that technology is constant across countries, which is
common in international trade theory and empirical international economics.

24 The dividing line between the two groups is to some extent arbitrary. In Kalt’s ( 1985)data,
pollution abatement costs range from near zero to 2.89% of total costs. We mwowa r.:u«» as the
dividing line between the two groups, a number that divides the data approximately in half Eﬁ
does not arbitrarily divide any major product groups. The products immediately mvoé z:.m
dividing line are nonmetallic minerals and simple manufactures of metal. The products immedi-
ately below are pharmaceuticals, soaps, and automobiles.
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non-pollution-intensive. For the former group, it is assumed that the b, are
positive and for the latter, negative.

There are two ways in the implementation of our methodology in which
the procedures place further controls to ensure that the results are not biased
by extraneous factors. First, we compare the East European countries to a set
of market economies that are as closely related in geographic proximity and
level of development as possible. Hence, the results control, as best as possi-
ble, for factor endowments, both physical and economic, that might have
been omitted from the analysis. Thus, we compare the East European na-
tions to the following set of countries: Austria, Greece, Ireland, Italy, Portu-
gal, Spain, and Turkey, which we call low-income OECD countries.

Second in applying the methodology, we treat these countries and the East
European countries identically by employing no information on the factor
endowments of a particular market economy when we estimate the error
terms for that particular country. We accomplish this by applying the esti-
mating procedure separately for each market economy in the above list,
omitting that country’s data from the factor endowments, and estimating the
country’s endowment data. That is, for the purposes of estimating the errors
of a particular market economy, we treat that country as if it had the same
problems of data availability as a centrally planned economy. This proce-
dure ensures that no property of the results could be caused by any asym-
metry in the treatment of the two sets of countries.?

The null hypothesis that we test is that differences in environmental policy
do not affect the structure of trade. If the null hypothesis is accepted, then
there is no evidence that the East European nations have been able to trans-
form environmental degradation into gains from trade. Alternatively, rejec-
tion of the null hypothesis implies that socialist economies tend to trade
environmental quality for foreign exchange to a greater extent than compara-
ble market economies. Given the distribution of zg; across countries and the
signs of the b;s under the alternative hypothesis, the error estimates for coun-
tries with lax environmental policy should be positive for commodities that
are pollution-intensive and negative for commodities that are not pollution-
intensive. The opposite is true for countries with stringent environmental
policy.

The results of the tests on the error terms are produced in Table 1. Column
(1) lists the country of country grouping for which the results apply. Column
(2) specifies the numbers of errors whose sign is tested, which is 20 times the
number of countries in each group. Column (3) specifies the number of
errors that support the hypothesis that the country or country grouping in

> See Murrell (1990, Sections 5.5, 5.7, and 5.8) for precise details of the procedures for
estimations of the error terms of the model.
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TABLE 1

TESTING FOR THE EFFECTS OF ENVIRONMENTAL POLICY ON THE STRUCTURE
OF TRADE OF EAST EUROPEAN COUNTRIES

(3)
Number (5) o
2) indicating “) Test statistic?
Number of a lax (3)asa for difference
(1) error terms antipollution proportion from _oé.mnoonmo
Country or Group generated policy of (2) OECD economies
Low-Income OECD 140 67 0.48 n.a.
Bulgaria 20 8 0.4 -0.66
Czechoslovakia 20 7 0.35 —1.1
GDR 20 7 0.35 ~1.1
Hungary 20 7 0.35 -1.1
Poland 20 9 0.45 —0.24
Romania 20 10 0.5 0.18
Yugoslavia 20 6 0.3 —1.49
Soviet Union 20 11 0.55 0.60
Albania 20 10 0.5 0.18
East European 6° 120 48 0.4 -1.27
East European 9¢ 180 75 0.42 —-1.11
Latin American 10 200 100 0.5 0.39

@ Using the normal approximation and a one-sided test, a test statistic greater than +1.65

rejects the null hypothesis at the 5% level. )
¢ Bulgaria, Czechoslovakia, GDR, Hungary, Poland, Romania.
¢ All East European countries listed above.

question has a lax environmental policy. Column (4) shows the u«ob.oaouﬂ
of such errors. Column ( 5) provides the approximately normally distributed
statistic for the test of the null hypothesis, comparing the country or group to
the set of seven low-income OECD countries listed above.

The results in the table indicate that the null hypothesis cannot cm. re-
jected. In fact, six of the nine East European countries rm<.@ a test statistic
that has the opposite sign than would be expected on the basis of the alterna-
tive hypothesis that the environmental degradation of East Europe affected
trade patterns. To see whether perspective can be added to these results by
examining a different region of the world, at a lower level of ao<o_o§.dmﬁ
than either the low-income OECD countries or the East mﬁovomu :mﬁosw
we derived equivalent results for a grouping of Latin »Egoms mocsﬁom.
Again, as can be seen from the last row of the table, differences in environ-

2 Argentina, Bolivia, Brazil, Chile, Columbia, Ecuador, Mexico, Paraguay, Peru, Uruguay,
and Venezuela.
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mental policy were apparently not translated into differences in trade pat-
terns in 1973.

There are alternative explanations for the results that we have obtained,
and especially for their seeming inconsistency with popular preconceptions.
The first, and most likely, is that pollution costs are a rather small element of
total costs, even in nations with stringent environmental policy. Therefore,
differences in environmental policy do not translate into significant differ-
ences in the structure of trade. In that case, the leaders of the communist
countries made a very poor bargain with nature when, in the 1980’s, the
environment was ravaged in an attempt to maintain macroeconomic bal-
ance. Second, since the debt crisis did not begin until the late 1970’s and our
empirical exercise is for 1975, the results might suggest that the stringency of
East European environmental policy was closer to that of the market econo-
mies in the 1970’s than in the 1980’s.%’

VII. CONCLUSION

The methodology presented here provides comparative economists with
an alternative to traditional approaches to hypothesis testing. Classical
methods are usually very intensive in their need for data comparable across
different economic systems. These needs are often incompatible with data
availabilities for cross-country analyses, especially those that involve East
European countries. Our methodology allows the construction of empirical
tests with less information than is normally required for empirical work.

We should empbhasize that our methodology is flexible in application. It
can be applied when all endowments can be measured across all countries or
when none can or, of course, in any intermediate situation. That is, when
either the set S, or the set .S, is empty, as well as when they are both non-
empty. This flexibility is important, especially when one considers the usual
doubts about the meaningfulness of some SE statistics, doubts that are now
the subject of debate in the Soviet Union (Ericson 1988 ). Give such consider-
ations, one might be hesitant to rely upon analyses that, for example, used
capital-stock figures from Western and Eastern sources as if they were compa-
rable. The advantage of our methodology is that it allows the researcher to
choose just how much domestic data to trust and include in the analysis.

Of course, there is a cost to using a reduced amount of data. If one omits
endowment information for the SEs, one must assume that the same rela-
tionships between the excluded endowments and the dependent variables
are applicable to both MEs and SEs. Therefore, when choosing how much
data to include in any particular statistical analysis, the economist must

77 Results in Murrell (1990, p. 117), analyzing trade patterns from 1975-1983, indicate that
this is a possibility. But these results rely upon invoking assumption (2) above.
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&imr problems of data quality against the additional theoretical restrictions
imposed by conducting an analysis that is more sparing in its data require-
ments. Given conformity of the underlying analysis to our basic framework,
whatever choice one makes along the trade-off between more data and more
assumptions, our methodology can be applied.
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