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This paper involves the argument of whether environmental
control measures have a significant effect on the pattern of
trade. We estimate pollution loadings of Korean trade and rela-
tive impact indices of the Korean industries to analyze how
vulnerable Korean competitiveness in the international market
is to increased environmental costs. The results show that in
Korea pollution control charges are approximately trade-neut-
ral in the aggregate, while they have substantial effects on the
pattern of trade at the industry level. These are consistent with
other studies in the sense that pollution controls do affect the
comparative advantage in each country.

I. Introduction

Several economists [D’Arge and Kneese (1972), James (1974),
Walter (1972, 1974), Siebert (1974, 1979), Grubel (1976), Pethig
(1976), Asako (1979), McGuire (1982), Baumol and Oates (1988)]
have discussed the issues of environmental pollution within an open
economy. Some insisted that environmental control would affect the
pattern of trade through the induced reallocation of resources and
the changes in the structure of prices in the domestic economy,
which were brought about either by pollution abatement investment or
by the imposition of taxes. Others proposed that international trade
had a significant effect on environmental pollution in domestic eco-
nomy. In fact, most countries have different endowments of an en-
vironmental assimilative capacity and of different pollution stan-
dards, reflecting different social preferences of environmental qual-

*This paper was presented in the fourth International Convention of Korean Econom-
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meeting for their helpful comments. The author would like to acknowledge financial
support from the Ministry of Education through 1989 academic research funds.
[Seoul Journal of Economics 1990, Vol. 3, No. 2]



206 SEOUL JOURNAL OF ECONOMICS

ity. Thus, each contributes a certain amount toward meeting the
standard which will in turn affect the pattern of trade.

There have been, however, a relatively limited number of empiric-
al studies on the impact of environmental control on international
trade. They have had as well controversial results from it. The U.S.
Department of Commerce (1975) indicated that the trade impact of
environmental control was not singificant, at least in the short run.
Walter (1973), Richardson and Mutti (1976) agreed with the Depart-
ment. They concluded, however, that the impact on individual indus-
tries could be quite substantial. OECD (1978)’s studies supported
their results. A study from the U.S. arrived at similar results as
the former, while parallel studies by the Netherlands, Italy and Japan
offered conclusions comparable to the latter. More recently, Pasur-
ka (1984) investigated the magnitude of the impact that EC costs
had on price in the U.S. in 1977. His result also showed that the
typical sort of variation in impact was likely to occur across indus-
tries and that the average impact on prices was modest. Robison
(1988), more vigorously, found that the impact of marginal changes
in industrial pollution abatement costs on the U.S. balance of trade
was negative for most industries, growing with trade volume.

This paper confronts the issues of whether environmental control
costs incurred by industry are significant enough to affect interna-
tional trade. For this, we utilize Walter’s model (1973) to estimate
the environmental control loadings of exports and imports by indus-
try in Korea. By doing it, we may be able to determine whether
environmental control costs actually incurred by industry are fun-
damentally export-biased or import-biased or in a trade-neutral
pattern. If Korean exports are inherently more pollution intensive
than imports, Korean performance in the international market is
more vulnerable to increased environmental costs than it would be
otherwise.

I1. Model

Pollution can be classified into two types with respect to pollut-
ing sources — production pollution and consumption pollution. The
former occurs during the production process, while the latter
occurs during consumption, use or disposal of goods. These two
have quite different issues for international trade. Controls on pro-
duction pollution shift the costs to the producer, and may result in a
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loss of international competitive position for exporting and import-
competing firms. Product standards to control consumption pollu-
tion, on the other hand, may act as a non-tariff trade barrier to
exporters who must comply with a variety of standards in different
export markets. The costs of production pollution are borne in the
country of origin, while the costs of consumption pollution are borne
in the country of destination.!

We define environmental control (EC) loading for a given trade-
able product or product-group as what proportion of its final value,
at market prices, is attributable to internalization of environmental
externalities arising in the production process (i.e. production pollu-
tion) or in rendering the product itself environmentally acceptable
either in its normal use or as a residual at the end of its useful life
(i.e. consumption pollution). This can be estimated by calculating the
actual market price minus its hypothetical value which would be the
one if individual firms fully met environmental standards for its
production and consumption pollution without absorbing any addi-

tional economic resources to do so.
Then we may define “direct EC loading (DECL)”

DECL = (P,— P,)/ P, (1)

where P, is the actual market price of a given internationally traded
product and P, is its hypothetical value. While P, is not an observ-
able value, direct costs attributable to environmental control can be
estimated, which are assumed to approximate (P, — P,). Then
DECL can be interpreted as an estimated EC costs per dollar of
sales.

It is obvious that production of raw-material and intermediate
goods also generates pollutants, which incur EC costs. This may be
regarded as indirect EC costs incurred by the industry or firm of a
given tradeable product, which must be included in the overall EC
costs. Thus, the “overall EC loading” (OECL) of it is its own
DECL plus that of each input weighted by the contribution of the
input to final export or import value. Then we may define OECL as

OECL; = [(P; — Pu)j+ 2 7;j (P, — Py)]/ P, (2)
where j represents the traded product, i a given input and 7; the
For more detail, see Pearson (1982, pp. 49-50). In Korea, for example, the consump-

tion pollution is about 70% of total water pollution, 70% of waste disposal and 60% of
sulfur dioxide, see Korea Environment Agency (1987, pp. 34-5).
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contribution of i to the unit trade-value of j.2

(P, — Py); represents direct costs and (P, — P,); indirect cost
which is the EC costs for inputs.® Hence Equation (2) represents
the estimates for the overall environmental control loadings, which
imply overall environmental control costs per dollar of final sales.

III. Data and Computation

It is reasonably assumed that environmental control costs consist
of the following; i) current operating costs associated with environ-
mental management, ii) depreciation charges’on in-place pollution-
control equipment, iii) the capital cost of in-place pollution-control
equipment, and iv) current research and development expenditures.*
It should be noted that these EC costs include costs of both produc-
tion pollution and consumption pollution. The basic data for cost
estimates were obtained from the Korea Environment Agency
(1985).°> Operating costs were taken directly from the Korea En-
vironment Agency (1989).° The depreciation costs and the capital
costs were estimated from the basic data for installment costs for

2Walter (1973) employed input-output coefficient for 7 ;. Simple input-output coeffi-
cient is not the proper one for our purpose since it ignores multi-sector multiplier effect,
and thus may omit EC costs incurred by some industries for inputs. We therefore use one
of the production inducing coefficents, [/ — (I — M)A]™ for 7, which would be thought
of as the most appropriate one for our purpose.

3We assume constant costs; the price-response to EC costs will differ for increasing
and decreasing cost industries.

4See Walter (1973, pp. 62-3). And see Plooy (1985) for the practical details. As most
environmental economists experience, data for emvironmental control costs are poor in
quality and diversity. This would be even worse in a less developed country, such as
Korea, than in the more advanced countries. The data for EC costs used here are only for
controlling water pollution in Korea, since there is no data for other types of pollution
available. However, it may be reasonably assumed that the proportion of water pollution
control costs to total EC costs incurred by industry would be large, taking into consid-
eration that about 73% of the total government budget for environmental control is
allocated to controlling water pollution in 1989 and in 1990. Economic Planning Board
(1990) reported that total government budget for environmental control was 142.5 billion
won and 72.77% of it was spent for water pollution, 3.72% for air pollution and 8.84% for
waste discharge, and the rest 14.67% for other miscellaneous costs such as labor, build-
ing management and so on.

5The Korea Environment Agency surveyed these data with the sample size of 9,062
firms nationwide in 1988 which have permits from the government to install the water
pollution treatment equipment.

SWalter (1973) did not have the basic data for cost estimates, such as installment cost
of EC equipment and operating cost of pollution control, which is the most important for
our purpose.



POLLUTION CONTENT OF TRADE 209

water pollution treatment equipment which were also taken from the
Korea Environment Agency (1989).” R & D cost data for environ-
mental control are not available by industry at all in Korea. Since
these costs do not seem to be so much that it may not change ordinal
rank of our results, we exclude these from the total EC costs.®
The sum of the total EC costs for each of 13 manufacturing
industries and for coal mining, metal ore mining, non-ferrous ore
mining, electric utilities and transportation was divided in each case
by gross sales in 1988 to obtain for each sector estimated EC costs
per dollar of sales. The results are shown in Table 1.° It may be
generally said that the high EC costs per dollar of sales have a
negative implications for international competitiveness. Then the
table shows that environmental controls may have a relatively large
adverse effect in terms of international competitiveness on such
industries as metal ore mining, beverages, leather and fur, and pap-
er and tobacco in that order. However, direct EC costs are not
enough to represent international competitiveness since inclusion of

"The depreciation cost was derived by multiplying the depreciation ratio (KDB 1989,
pp. 88, 240-63) by the corresponding total installment cost of water pollution treatment
equipment. The capital cost was estimated by applying net industry rate of return to the
installment cost of the water pollution treatment equipment. The net rate of return is
reasonably assumed to be the Operating Profit to Net Sales (KDB 1989, pp. 87, 240-63)
multiplied by Liabilities & Net Worth Turnover (KDB 1989, pp. 90, 264-75). That is,
since Operating Profit to Net Sales = (Operating Profit / Net Sales) X 100 and Liabili-
ties & Net Worth Turnover = (Net Sales / Liabilities & Net Worth) X 100, the Net
Rate of Return = Operating Profit to Net Sales X Liabilities & Net Worth Turnover =
(Operating Profit / Liabilities & Net Worth) X 10,000.

8KDB publishes annually Survey of Facility Investment Plan, which contains the R & D
expenditures and pollution control investment by industry. The only way to estimate R &
D costs for pollution control, therefore, may be to apply the component ratio of environ-
mental control to total facility investment to the total R & D costs. The estimates,
however, would not be reliable. Moreover, these would not be significant enough relative
to other EC costs to distort the result, even though R & D costs for pollution abatement
in Korea seem to be increasing recently.

When Plooy (1985) made international comparison of industrial pollution control costs
between the Netherlands and the U.S., he has also excluded R & D costs for environmen-
tal control due to data limitations.

“As mentioned before, we employed the basic data for EC costs, published by Korea
Environment Agency (1989), while we used the data for capital consumption allowances,
the net rate of return, and total sales from KDB (1989). The problem is that these two
institutions use different industrial classifications. A data correspondence was developed
referring to description of product grouping in Korea Standard Industry Classification
(1984), which is based on i) general combinations or divisions of economic activities by
individual firms and ii) the characteristics of economic activities carried out by individual
firms such as properties, kinds and uses of produced goods and services, and production
processes, technology as well as structures.
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TABLE 1

Industry : DECL®
1. Coal Mining 0.236
2. Metal Ore Mining 2.867
3. Other Mining 0.022
4. Food 0.419
5. Beverages 1.470
6. Textiles 0.230
7. Leather and Fur 1.029
8. Paper and Tobacco® 0.659
9. Printing and Publishing 0.089
10. Industrial Chemicals 0.439
11. Other Chemical Products 0.326
12. Rubber and Plastic Products 0.042
13. Petroleum Refineries 0.068
14. Non-metallic Mineral Products 0.327
15. Primary Metals 0.484
16. Fabricated Metal, Machinery 0.080

and Equipment

17. Electric Utilities 0.141
18. Transportation and Warehousing 0.325

Source: Korea Environment Agency (1989), Korea Development Bank (1989)
Note: 1. a: 1988 sales data for tobacco from Korea Tobacco and Ginseng Corpora-
tion (1989).
2. b: DECL = Total EC cost/sales (cents per dollar).
3. Computations are explained in footnotes 4, 7, 8 and 9.

environmental control cost on purchased inputs is generally impor-
tant for computing total control costs. Moreover, Korean trade in
individual industries may not always be vulnerable to increased en-
vironmental costs only in terms of their international competitive-
ness. This vulnerability of a given industry will be larger the more
competitive its products are in the international market place, and
the higher its overall environmental control loading is. We now wish
to determine ordinal rank of each industry in terms of such vulner-
ability to increased EC costs. We first break down the indus-
try-based estimates of the EC costs into product-based DECL
estimates. In order to do it, we employed the 402 basic product
sectors in The Year 1985 Input-Output Table (1988) in Korea and
reduced it to 71 goods categories which were taken to utilize the
basic EC data published by Korea Environment Agency (1989). Pro-
duct classifications of Korea Environment Agency and I-O Table
are different from each other, so that a data correspondence was
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developed consulting the product description of Korea Standard In-
dustry Classification (1984). We used total output in each industry
as a weight to segregate industry-based EC estimates into product-
based ones. We then employed the relevant value of DECL with
1985 production inducing coefficient, [I — (I — M)A]™}, to derive
OECL values. We now eliminated nontraded products and product
groups whose basic data were not available, reducing from 71 pro-
duct categories to 41 categories. Then regarding export/import
ratio as a proxy for international competitiveness we calculate the
“relative impact index” by multiplying| OECL by the export/import
ratio, which implies both causes of vulnerability of a given industry
such as the one mentioned earlier.!®

IV. Pollution Loadings of Korean Trade

Table Al in the Appendix shows all the calculation results neces-
sary to analyze EC loadings of Korean trade. The lst and 2nd
columns of Table Al show direct environmental-control loadings
and overall environmental-control loadings by product group, re-
spectively. If we assume like Pasurka (1984) that supply elasticities
are infinite — that is, that all increased costs due to environmental
control are passed along in the form of higher prices, the value of
OECL lists the percentage increase in prices since EC costs are
borne by Korean industry. The weighted averages of DECL and
OECL are 0.258% and 0.849%, respectively, which are compared to
Pasurka’s result, 0.42% and 0.97%, respectively. This implies that
the price impact of environmental control in Korea is yet relatively
low, even though it would be increased taking into consideration
other types of pollution such as air pollution, wastes and so on.

One might expect that the ordinal ranks of each product group for
DECL and OECL are approximately the same. That is to say, the
larger the value of DECL, the larger the value of OECL. This,
however, is not uniformly true, as we can see in Table Al. There
are several product groups, whose ordinal ranks are reversed for
DECL and OECL. For example, DECL for limestone, ceramic and
other non-metallic minerals, soaps, dyes and paints are relatively
low, while OECL for them are relatively high. This is because such

Data for exports and imports during the year 1988 were taken from Export Statistics
(1989, pp. 35-560) and Import Statistics (1989, pp.15-52). A data correspondence was

developed between the various I-O product groups and the Standard Korean Trade Clas-
sification (SKTC) again referring to Korea Standard Industry Classification (1984).



212 SEOUL JOURNAL OF ECONOMICS

product groups have large production inducing effects, which would
increase the OECL values. By looking at OECL, we can see that
environmental control loadings are relatively high in metal ore min-
ing, non-ferrous ore mining, other non-metallic minerals, limestone
/ ceramic / refractory minerals, dyes, paints, soaps, beverages, and
leather and fur. This result may be compared with Pasurka (1984)
and the summary of several studies by Pearson and Pryor (1978).!!
Their results show that environmental control costs are highest in
the raw material-processing industries — iron and steel, non-fer-
rous metal smelting and refining, pulp and paper, basic chemicals,
petroleum refining, and perhaps cement — and electricity. EC costs
in most of the industries referred to except petroleum refining and
electricity, are relatively high though not highest in our findings.
But it may be seen that ordinal ranks of DECL values by product
group in our study and in theirs are not entirely the same.

We now use the estimates of OFECL by product groups to have
pollution-loading profile of Korean trade. This can be done simply
by multiplying the OECL values in Table Al by the value of ex-
ports and by the value of imports, respectively, for each product
group. As mentioned before, we tried to correspond the product mix
within each group for exports and imports to the product mix for
total sales. We assume the OECL values of foreign suppliers to be
the same as for domestic import-substituting suppliers and estimate
the OECL values of these, since there is no estimate of QECL
values of foreign countries available. We also assume average prices
charged on exports to be the same as on domestic sales, and the
imported product prices to be the same as the price of import-
substituting goods. The results, given in column 4 and 5 of Table
Al, show that the average OECL of Korean exports in 1988 was
about $452.27 million or about 0.745 percent of total exports, while
during the same period, that of imports was about $402.08 million,
or 0.776 percent of total imports. This indicates that at least 0.776
percent of the value of Korean imports consisted of pollution~relat-
ed costs, which is about 4.16% higher than the 0.745 percent esti-
mated for Korean exports.!?

1These studies are from Public Research Institute (1976), Pearson (1976), Richardson
and Mutti (1976), and the U.S. Department of Commerce (1975).

12This result shows that the pollution content of trade in Korea is, not as we might
expect, relatively low. These proportions, of course, would be increased taking other
types of pollutions into account. This increase, however, would not be very high due to
the weight of water pollution costs out of total costs, as mentioned before.
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This difference does not appear significant and suggests that en-
vironmental regulations have similar influences on exports and im-
ports, so that EC costs incurred by Korean exports and imports are
trade-neutral, or only marginally biased in favor of Korea. In other
words, it does not seem that, in the aggregate, the pollution intensi-
ty of Korean imports is much higher than that of Korean exports.

This impact of EC measures, however, has a quite different
aspect in the micro-level, in terms of vulnerability to increased EC
costs. The relative impact index, the last column of Table Al, shows
that, other things being equal, the EC measures of trade counter-
parts to Korea may negatively affect international competitiveness
in such industries as textiles, paperboard containers, soaps, pottery,
stone quarrying, and chemical fertilizers, relative to petroleum re-
fineries, drugs and cosmetics, machinery and organic chemicals. The
former group of products are affected more either because they
have substantial international competitiveness (i.e. textiles, paper-
board containers, stone quarrying, etc.) or because EC loadings are
very important (i.e. soaps, pottery, and leather, etc.). It should be
noted especially that some products like stone quarrying have re-
latively low EC loadings, but relatively high relative impact index.
The others such as non-ferrous ore mining, limestone, ceramic and
refractory mining have relatively high EC loadings but relatively
low relative impact index, since they are already characterized by a
comparative disadvantage.”

It might be interesting to compare these results with Walter's
results. First of all, the U.S. pollution content of trade in the late
1960s is about twice that of Korea in the late 1980s, even if pollu-
tion loadings in Korea were to be increased as other types of pollu-
tion are included in our EC costs. In both cases, the EC measures
were trade-neutral in macro-level, even though it is marginally
biased against the U.S. while it is marginally biased for Korea. The
impact of environmental regulations on individual industries was
quite different in Korea from that in the U.S.»® This may prove that
environmental control measures may affect the comparative advan-
tage in each country at industry level.

V. Concluding Remarks

This paper has examined empirically how vulnerable Korean com-

13GSee Walter’s (1973, pp. 65-6) Table 2.
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petitiveness in the international market is to increased environmen-
tal costs. The empirical results suggest that in Korea environmental
control charges are trade-neutral in the aggregate, while they have
substantial effects on trade patterns at the industry level. That is to
say, individual industries will bear a comparative disadvantage in
the international market in a different way if the trade counterparts
use different environmental standards as a nontariff barrier. This
may be so either because each industry has different values regard-
ing OECL, or because it has currently different competitiveness in
the international market. These results virtually support several of
the former studies related to this matter, which are introduced in
this paper.

The results presented here would be important data for future
research. One possible direction is, as Robison (1988) did with the
U.S. data, to measure the impact of marginal increases in EC costs
on trade balance for the entire economy and/or for individual in-
dustries. This may be done by applying segregated price elasticity
of the Korean exports and imports to the OFCL values listed in
Table Al under the assumption of full-cost pass-through into
prices. In addition, we may be able to test the proposition discussed
by Baumal and Oates (1988) that more stringent environmental con-
trol program may change the Korean comparative advantage in such
a way that more high-abatement-cost goods are imported and more
low-abatement-cost goods are exported. To do this, we have only to
check whether OECL of Korean imports grows more rapidly than
that of Korean exports over time.

Unfortunately, this paper confines itself to water pollution due to
data limitations, and also ignores uncertainties with regard to fu-
ture costs of environmental management. If these factors were in-
cluded in this analysis, the results might be different. Even if
Walter (1973) stated earlier that a discussion of this type could
only be regarded as preliminary, therefore, this study must still be
regarded as introductory. Consequently, more efforts should be
made to accumulate data for environmental problems and to devise
better methodology for assessing them before environmental de-
gradation becomes a more serious factor in international trade.
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