Environmental interregional input-output models

Karen R. Polenske (*)

Pollution problems have become of increasing concern to policy makers in most
industrialized countries. In the United States, pollution issues are handled at the
national level primarily by the U. S. Environmental Protecion Agency (EPA). Many
different state, regional, and private groups are also concerned with pollution, such
as state environmental agencies, the Sierra Club, the Audubon Society. etc.
Currently, there are regulations for air, water, and solid waste. The main purpose of
this paper is to review an analysis conducted in 1979 by Pai, who examined the
economic impacts of the regulations imposed under the 1974 Clear Air Act. Pai
extended the Leontief (1970) national environmental model to the regional level to
account for the interregional and interindustrial economic impacts of these national
environmental regulations. To accomplish this, he modified the multiregional input-
output (MRIO) model that had been developed under the direction of Polenske
(1970). He used the modified MRIO model to determine both the gains in output
created by investment in pollution-abatement technology and the losses in output to
be expected from the price effects of emission control. The regions and industries that
benefit from the additional investment are generally not the same as those that must
internalize the costs.

Between 1971 an 1977, 109 plants closed in the United States, leaving 20,517
employees without jobs as a result of what were claimed to be environmentally
related causes. These closings were concentrated in four industries: primary metals,
food, chemicals, and pulp and paper. Although the number of plant closings and job
losses was relatively small, the number would certainly increase with stricter
enforcement. Pollution-abatement expenditures in 1975 were $29.2 billion and in
1976 $32.8 billion, representing approximately two percent of the gross national
product (GNP). During this part of the 1970s, pollution-abatement expenditures were
increasing at about 10-11 percent per year.

(*) Professora deland and Urban Planning, Massachussets Institute of Technology.
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Pai’s (1979) model was formulated to be directly applicable for policy analyses.
This is in contrast to the models formulated by Ayres and Kneese (1969) and
Cumberland (1966). Ayres and Kneese recognized that their model was almost
impossible to implement because of the data collection and computational problems
(1969, p. 295). Cumberland fails to account for the relationship between economic
activity and net environmental repercussions. His model can therefore mainly be
used as an accounting device; however, it should be noted that it does not contain an
internal consistency in the accounting units.

Daly (1968) also constructed a model that failed to maintain an internal
accounting consistency. No market prices can be attributed to the ecological
commodities. Isard et al. (1968) overcame some of the problems with Daly’s model
by using a commodity-by-industry set of input-output accounts instead of an
industry-by-industry set. Again, however, the data for the ecological sector are
nonexistant. In both models, pollutant discharges into the environment are associated
with the economic outputs, while the inputs from the environment are treated as part
of the industrial inputs.

Leontief (1970) reversed these relationships. In his model, the amount of
pollution produced by each industry is assumed to be a function of the total output of
the industry. while the inputs required to produce antipollution goods becomes part
of the costs of production. In contrast to Isard et al. and Daly, Leontief therefore
treats the latter as part of the intermediate, rather than final, demand. Although
[eontief omits the environmental sector by this reversal, the antipollution industry is
introduced, which allows economic impacts to be determined. All of the other
models tend to have an environmental bias. The analysts were concerned with the
generation of pollution and its costs to the environment, rather than with the costs
and benefits to the economy, as measured by the direct and indirect changes in
output, employment, interregional trade, investment, thus changes in economic
growth of regions and industries.

Pai (1979) examined these economic costs and benefits by extending the Leontief
model to the interregional level and then examining the inflationary impacts and
regional disparities that would result from the implementation of the 1974 Clean Air
regulations at an arbitrarily chosen level of control. To implement the model, he
expanded the [eontief model to a multiregional level. The Leontief model is shown
in Figure |. He used both the primal and the dual form of the MRIO model. The
MRIO data for 1963 were aggregated from 79 industries and 51 regions to 19
industries and 9 regions. For each round of calculations, the MRIO model was
partially closed with respect to households; thus, wages and salaries of these
households are shown as the 20th industry in each of the following tables.

In addition to the MRIO 1963 data, three other sets of data were obtained,
namely emission coefficients, abatement-cost coefficients, and data to construct the
As. where the latter are calculated as the proportion of the total amount of pollution
generated by an industry that is removed by the same industry. These data were
provided by the Resources for the Future (RFF). There were obtained from their
ORSA., B.74 version of the Strategic Environmental Assessment (SEAS) model,
which used 1975 base-year data to project industrial-output, emissions-generation,
and emissions-abatement data for 1971, 1975, 1985, 2000, 2010, and 2025,
assuming the 1974 performance standards would be implemented by states by 1977.
Data were supplied for particulates, sulfur oxides, nitrogen oxides, hyrdocarbons,
and carbon monoxide. Their 1985 data were selected for the present study. In
addition, staff at the Interindustry Forecasting at the University of Maryland
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(INFORUM) project, working under the direction of Almon, provided the price-
elasticity data from their INFORUM model.

To implement the model, three assumptions were made in addition to the usual
input-output assumptions.

I. Pollution is not traded from region to region.

2. Pollution generated bu the pollution-abatement sector is zero.

3. The emission coefficient for each industry equals the coefficient times A.
where A varies between 0 and | depending upon the exogenous variable
under consideration.

The relationships among these data are shown in Figure 2.

The As were calculated by determining for each industry the total emission of the
S pollutants generated and dividing this total into the figure for the total emissions
abated. Ratios for this variable ranged from a low of .27 for the food industry to a
high of .98 for the primary nonferrous metal manufacturers. with a weighted
average of .90. The emissions coefficients were calculated for each industry by
dividing the tons of the total of the 5 pollutants emitted on an annual basis by the
thousands of dollars of output. These coefficients were zero for agriculture,
construction, and a few other industries, and ranged from a low of 0.0003 for
machinery and equipment to a high of 2.0098 for electric utilities. The abatement-
cost coefficients were calculated for each industry by dividing the thousands of
dollars spent on pollution abatement on an annual basis by the tons of pollution
abated. These were zero for all agricultural. mining, and construction industries and
ranged from a low of 0.0013 for primary iron and steel manufacturers to a high of
48.8774 for machinery and equipment. Because of lack of data. the same coefficients
were used for each region.

Figure 3 illustrates how the calculations were made. Relative prices were
calculated using the MRIO price model (Table 1). These changes in relative prices
were then used to adjust the consumption expenditures, and a partially-closed-with-
respect-to-households version of the MRIO model was implemented to determine the
changes in output resulting from the price effects (Table 2). The pollution-abatement
expenditures were allocated to regions, and the partially closed model was again used
to determine output changes resulting from the increased expenditures (Table 3).
Finally, the two effects were summed to obtain the net effect (Table 4).

As can be seen from the tables, a number of conclusions can be drawn from this
study. For the economy as a whole output would increase by about 1.4 percent. or
approximately 20 billion dollars by the implementation of the clean air standards.
Some industries and regions benefits and others lose. Industries with significant
linkages to the production of abatement technology, especially the machinery and
equipment industries, showed the largest increases in output. If industries were either
large polluters but had low linkages to the abatement industry or if they were
industries that were strongly affected by the induced expenditures in consumption
expenditures, they experienced low increases in output. It is interesting to note that
although petroleum is one of the largest pollution industries, it had substantial gains
in output because of the strong link with abatement expenditures.

At the regional level, the main result is that the implementation of the stricter
environmental controls would aid the industrialized, older regions of the country the
most. This occurs even though these regions in the East also had higher levels of
industrial pollution. As noted, the model formulated by Pai is based upon the MRIO
model. The basic framework could be adapted for use investigating water-pollution,
acid-rain, and other environmental issues at a detailed regional and industrial level.
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Figure 1: The Leontief input-output accounting system with pollution sectors
included

Total Final
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Value 4
Added

|. Matrix of interindustry coefficients, in value terms (mxm).
2. Matrix of pollution output per unit of industrial output, in physical terms
(gxm),
3. Matrix of pollution-abatement expenditures per unit of industrial pollution
eliminated, in valur terms (mxp).
4. Matrix of pollution output per unit of pollution eliminated, in physical terms
(gxq).
5. Personal consumption expenditures per unit of total personal consumption
in value terms (mxl),
6. Other final demand per unit of total output of the other final demand sectors,
in value terms (mxl),
7. Wages and salaries per unit of output, in value terms (Ixm),
8. Other value added per unit of output, in value terms (Ixm),
9. Wages and salaries expended per unit of pollution eliminated, in value terms
(Ixq),
10. Pollution output per unit of personal consumption expenditure, in physical
terms (gxl),
11. Wages and salaries per unit of personal consumption expenditure, in value
terms (Ix1),
12. Pollution output per unit of output of other final demand sectors, in physical
terms (gxl),
13. Other value added expended per unit of pollution eliminated, in value terms
(Ixq),
14. Other value added per unit of personal consumption expenditure, in value
terms (Ix1),
15. Wages and salaries per unit of output of other final demand sectors, in value
terms (Ix1), and.
16. Other value added per unit of output of other final demand sectors, in value
terms (Ix1).
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