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PREFACE

The work upon which this report was based was financed in part
by funds provided by Mississippi-Alabama Sea Grant.

The theoretical and computational developments were undertaken
jointly by researchers at the Bureau of Business Research at the
University of Southern Mississippi and the Department of Agricultural
Economics and Rural Sociology at Auburn University.

Any errors of fact, logic, or judgment in the report are the

responsibility of the authors.
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I. [INTRODUCTION

In recent years there has been a growing awareness of the limitations
of our natural resources on the part of the public as well as the private
sectors. It was made clear by those‘concerned that economic growth irreparably
damages the environment. They call for an end or at least sharp curtailment
of such growth., On the other hand, economists, in general, perceive growth as
an essential requirement of our social welfare. The restoration and protection
of the environment envisioned by ecologists require reduction in living stan-
dards which could seriocusly endanger the political well-being of the American
society.

From all indications, the world, especially the western democracies
and Japan, is destined and committed to a policy of economic growth. It then
becomes necessary for policy makers to devise positions and enforce policies
where a trade-off between the benefits of growth and its environmental costs
can be calculated in a quantifiable manner.

Such objective analysis could identify some projects as not being
beneficial on environmental grounds though justifiable on economic grounds.

[t can also identify projects or programs that induce growth and simultaneously
require minimal ecologic trade-off.

Among the most promising empirical models available at the present to
evaluate the economic-ecologic trade-off is the "Materials Balance Approach”
for the entire economy. The principle states that resources taken from the
environment for use in production and services must be returned to the environ-

ment as waste residuals in equal mass. In describing this approach Allen



Kneese {5] says:

The inputs of the system are fuels, foods, and raw materials
which are partly converted into final goods, and partly become
residuals. Except for increases in inventory, final goods also
ultimately enter the residuals stream. Thus, goods which are
"consumed" really only render certain services. Their material
substance remains in existance and must be either reused or dis-
charged to the natural environment.

This report is in essence an adaptation of the "Materials Balance
Approach" for the Mississippi-Alabama Coastal counties. The modifications
incorporated made the model easy to apply in a small region where data
problems are usually encountered.

The model utilizes the Input-Output methodology developed by Leontief.
It consists of three phases as follows:

(1) Development of an input-output accounting of the region. It is
the flow of goods and services in dollars usually,during a year period. The
economic activities of the region are depicted in terms of sectors composed
of industries. The elements of the transactions among these sectors are
displayed in the "Transactions Matrix.” These elements are inter-industry
flow in the sense that goods are transferred from some sectors as output
to be used by others as input. An exogeneous sector defined as Final Demand
which includes households, government, and exports absorbs the remainder of
output. Output and empioyment multipliers can be calculated.

(2) Development of an inventory of water and air pollutants as well
as solid wastes that were produced as consequences of economic activities of
the diverse producing sectors including households. This is the residual
stream of the material substances which are discharged to the natural environ-
ment.

(3) The economic-ecologic trade-off is then accomplished through the

incorporation of the results obtained in (1) and (2) as follows:



Let:
E = A matrix of outflows of residuals to the environment.
(I-ﬂk)'1 = The Leontief inverse. It is the inverse of the input-
output model.
U = A matrix of the direct and indirect environmental impact
of each economic sector.
Then:
E(1-A)7) = U.

The multiplication of these matrices provides the necessary linkage
between the economy and the environment, The analysis is carried further
by obtaining the envirenmental-output multipliers and environmental -income
multipliers. These multipliers are obtained by dividing the output and
income muitipliers calculated from the input-output matrix by the
economic-ecologic matrix.

These multipliers, in the form of matrices, in a sense show the impacts
of economic growth on the ecologic system. They can provide valuable
information regarding the trade-off between the benefits of economic growth
and its environmental costs.

Such information is potentially valuable in decision making. It is an
empirical assessment of benefit-cost relationships between economic growth
and environmental integrity.

The methodology followed in this research is similar in nature to many
others undertaken throughout the country. In particular Blaylock and Jones
[1] and Laurent and Hite [3] have pursued such investigations for the lower
Rio Grande region of Texas and the Charleston, S.C., metropolitan area,
respectively.

The region under study encompasses Hancock, Harrison, and Jackson coun-
ties in Mississippi and Mobile and Baldwin counties in Alabama. As a region,

it is one of the fastest growing, with a population of over 700,000,



Through a combined effort among researches at the Bureau of Business
Research at the University of Southern Mississippi and the Department of
Agricuitural Economics at Auburn University a sequence of empirical studies
concerned with this region was undertaken. It consists of three phases:

(1) The input-output model is arranged with 26 endogeneus sectors.
It is constructed by using regionalization techniques of the 83.sector
national input-output tables [13]. A report regarding this phase was
completed in November 1978 [8].

(2} An inventory of water and air pollution as well as solid wastes
was prepared. The list comprises 25 major effluents. The research
relied heavily on primary data that were supplemented when necessary by
scientific and engineering evaluation. A report regarding this phase
was completed in June 1980 [9].

(3) The linkage of the economic and ecologic portion is then performed

by using equation (1) as follows:

Let:
F = matrix with 25 rows of effluents and 26 columns of
economic sectors.
(I—,»"J\)'1 = matrix with 26 rows and 26 columns. This matrix
is the inverse of the technology matrix known as the
Leontief inverse.
Then:

E(1-A)"1 = U
is a matrix with 25 rows and 26 columns. This matrix represents the direct
and indirect environmental impact of each economic sector.
The analysis so far is calledType I. When the Households sector is
included in the input-output table, the analysis is called "Type I11." In this
case matrix E is composed with 25 rows of effluents and 27 columns of economic

sectors. Hence, E(I-afk)_l = U is a matrix with 25 rows and 27 columns. The



matrix U in the Type I1I case represents the direct, indirect and induced
environmental impact of each economic sector.

The linkage of the ecologic and economic portions was performed through
the use of a computer routine adopted from Blaylock and Jones [2]. The trade-
off matrices obtained include:

(a) Enyironmental-Output Interdependence
Type 1 and Type II.

(b} Environmental-Income Interdependence
Type I and Type II.

Since the findings of this report are based on the previous two studies

[8 and 9], it might be necessary for the reader to refer to them occasionally.



I1. APPLICATION OF THE ECONOMIC-ECOLOGIC MODEL
MISSISSIPPI-ALABAMA COASTAL COUNTIES

The objective of this section is to calculate the impact that changes

in output and employment would have on the production of pollution in the

region. The results should be of interest to regional planners as well as

those who are in power to make decisions regarding alternatives in assessing

the trade-offs between economic growth and environmental quality.

There are six tables in this section. These tables are the result of

the immediate application of the theoretical portion given in Section I, In

each of the tables, the rows indicate the poliutants and the columns numbered

] through 26 or 1 through 27 are the economic sectors of the region as follows:

Number

WM O B -

Sector

Fisheries

Forestry

Livestock

Crops

Agricultural,Forestry, Fishery Services
Mining

Construction

Food Processing

Apparel & Textiles

Lumber & Wood

Paper & Allied

Printing & Publishing

Chemicals & Allied

Stone, Clay, & Glass

Primary, Fabricated Metals
Transportation Equipment

Other Manufacturing

Water Transportation

Other Transportation
Communication & Utilities
Wholesale & Retail Trade

Finance, Insurance, Real Estate
Hotel, Personel & Repair Services
Medical, Educational & Nonprofit Enterprises
Other Services

State and Local Government
Households




Environmental Factors

Table 1 shows the quantity of pollutants produced by each of the 26 endo-
genous sectors and households in the economy during 1977. Most of the empty
cells represent lack of data rather than lack of production of pollution. A
few empty cells represent small numbers with no significant digits. The last
column in the table gives the total for the row. All units are in short tons
(2000 1bs. per ton) per year except the first (Waste Water) which is given in
million gallons per year (MGY). It is noteworthy that a single sector often
contributes the bulk of a poliutant, demonstrating that certain critical
environmental factors of production can be characteristic of certain industries.

Environmental Factors Per Thousand Dollars of Output

Table 2 shows the environmental factors per thousand dollars of output.
It is derived simply by dividing each environmental factor in a given column
by the toal dollar output produced by the sector named at the top of the
column for the year 1977. Since one assumption of input-output analysis is
that factors of production are linearly related, Table 2 allows the description
of the economic-environmental relationships wihtin a broader range than just
the year 1977. This time range is generally accepted to be between five and
ten years, depending on the rate of change in technology and the diversification
of the product mix in the economy. Thus, given the dollar amount of output
in any one year, it is possible to convert this to the number of units per year
of any given environmental factor.

In essence, entries in Table 2 give the technical relationships between
the economic sectors and pollutants. For instance, Sector 11, Paper and
Allied Products, contributes .129 (MGY) of waste water, .002 tons of nitrogen,
015 tons of BOD and so on for each $1,000 of output. These values are the

direct requirements resulting from the sectoral sales,



Environmental Interdependence

Tables 3 and 4 represent the total effect on each environmental factor
of a change in sales to final demand by each sector. The difference between
the two tables is that in Table 4 the Households sector is included among
the producing sectors; hence, the table is labled Type Il. Both tables are
in contrast to Table 2 which represents only the direct change from an
increase in output.

Table 3 captures the environmental effects resulting from the inter-
industry saies and purchases. Hence, both tne direct and indirect effects of
the economic activity of each sector are taken into account. Aside from the
direct and indirect effects, Table 4 accounts for the induced effects due to
the inclusion of the Households sector among the producing sectors.

Notice that the values in both Tables 3 and 4 are larger than the
corresponding values in Table 2. This can be explained by the fact that
through the economic efforts of all the sectors to meet the demands for
a particular sector, they in turn will contribute to the pollution. For
example, Sector 11 when increasing its output by $1,000 will cause a total
discharge to the environment of .331 (MGY) of waste water, .0030 tons of
nitrogen, and so on when looking at Table 3, and even higher values when
looking at Table 4, There the values are .373 (MGY) for waste water and
.0035 tons for nitrogen, and so on.

It can be observed from Tables 3 and 4 that although some of the sectors
were not contributing to pollution directly as can be seen from Table 2,
nevertheless indirectly, they caused other sectors to do so through their
supporting acitivities.

Environmental-Income Multipliers

The trade-off between income and the environment is given in the



matrices presented in Tables 5 and 6. Table 6 includes Households among the
producing sectors and is labeled Type II as explained earlier,

The entries represent the physical guantities of poliutants generated
through a $1,000 increase in income of the various sectors resulting from
increased sales to final demand. Again, using Sector 11 as an example
and observing the entries in Table 5, the quantities of pollutants
generated through $1,000 increase in income in that sector are
.781 (MGY) of waste water, .007 tons of nitrogen and so on. The corres-
ponding values in Table 6 are .576 (MGY) for waste water and .005 tons
of nitrogen and so on. It can be observed from Tables 5 and 6 that the
magnitudes in Table 6 are not necessarily uniformly higher in Table 6

than in Table 5.
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III. EVALUATION OF THE MODEL

This report is the product of a joint effort undertaken by two separate
groups in Mississippi and Alabama. Each unit constructed its own input-output
model and environmental model. These are the ingredients necessary for the
third phase, the linkage between them. Information from both efforts
was then combined to produce an evaluation of an economic-ecologic structure
of the Mississippi-Alabama Coastal counties,

A reader interested in pursuing the detailed work in both regions
can refer to [10, |1, and 12] for the Mississippi Coastal Region
and [6 and 7] for the Alabama Coastal region. These reports contain infor-
mation regarding methodologies, sources of data and assumptions made. They
also include a variety of proposals for their use.

Many uses of economic-environmental input-output studies have been
suggested by other researchers interested in regional analysis. Blaylock
and Jones [1] used their study of the Lower Rio Grande Region of Texas to
examine the impact of various alternatives for economic growth, They pro-
jected the environmental repercussions which would accompany an increase in
output equivalent to that which would be necessary to achieve regional self-
sufficiency in certain candidate sectors, regional export potential in other
sectors, and alternatives of attracting new industries. Loehman and McElroy
[4] used their model of Lee County, Florida, to examine the impact of indus-
trial growth and expansion on economic accounts (exports, total output, im-
ports, and gross regional product), social accounts (employment and income),
and environmental accounts. They also examined the effects of new residents

and suggested applications for their study in community development planning.
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