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I . I NTRODUCTION

This report is the third and final portion of a series of three projects

concerned with the evaluation of mutual impacts of economic activity and the

environment in the coastal region of Mississippi. The procedure followed in

providing information about the interrelationships between the output of

producing sectors and the uses of environmental resources is that of an input-

output approach.

Many operational frameworks of this kind have been developed and applied

in other areas of the country. Feld [5] analyzed economic acti vi ty and its

wasteborn residuals wi thin the Narragansett Bay Drainage Basin. Blaylock [2]

studied the economic-environmental interrelationships in the lower Rio Grande

region of Texas. Roberts I 12] similarly investigated the linkages between the

economy and the environment in Clatsop County, Oregon. Laurent I 8] made a

similar study for the Charleston, S.C� metropolitan region. Many more can be

cited. One common feature of all these studies is their utilization of the

input-output model as a basic tool of analysis. Differences in techniques of

course exist among these investigations, but the general approach is approxi-

mately the same.

The methodology followed in this research is similar in nature to these

mentioned. It consists of three main phases:

�! Construction of an input-output model. Such model for the Coastal

Region of Mississippi was completed in March 1978 [j.o]. Here, the economic

acti vi ty of the region was divided i nto 29 endogeneous sectors, each pro-

ducing output to be absorbed by the others and in return absorbing as inputs

products produced by other sectors. It is a detailed description of the

flows of goods and services, evaluated in dollars, of the economy of the



region. It also provides a systematic way of capturing the total

effects of exogenous changes in the economy such as new government

expenditures, changes in exports, expansion in existing industries,

or the introduction of new industries and services.

�! Construction of an environmental model. Such model for the

Coastal Region of Mississippi was completed in June 1979 [11]. The

primary objective of this portion was to allocate physical volumes

of pollutants to the proper economic sectors as categorized by the

input-output study. The analysis focused on three main categories

of pollutants. which are: water effluents, air pollution, and solid

wastes.

�} Construction of the linkages between the economic and environ-

mental models. At this stage information obtained in the previous

two stages is combined to produce the mutual interdepeodency of' the

two acti vi ti es ~

This report intends to provide this link. It will emphasize that changes

in the economy will accompany changes in the environment. Estimates in the

form of pollution produced per dollar of output, employment, and income will

be presented. Furthermore, environmental-economi c mul ti pliers wi 1 1 be calculate

for each combination of environmental category and economic sector. Some

hypothetical uses of the model will also be discussed.

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

studies [10] 0 fll], it will be necessary for the reader to refer to them

occasionally.



I I . THEORETICAL DISCUSSION

A comprehensive review of models in which the extension of input-

output analysis to include environmental externalities as material flows

into and out of economic sector shows that there are basically a handful

of comparable approaches. Among the most prominent are the Ayers-Kneese

model [1], the Daly model [4], the Isard model [7], the Leontief model [9],

the Victor model [I3], and the Hite-Laurant model [6].

The approach followed in this study is in essence a modification of

the Hite-Laurant model as was applied in his study of the Charleston metro-

politan region [8]. It is practical and easy to operate and recognizes data

problems. The model includes waste residuals from the economy to the environ-

ment. This allows the extension of the accounting framework of the input-

output table to the environmental sector by specifying the outputs of a number

of chemical and biological effluents to air and water and of soli d wastes as

exports of production by-products as shown in Figure l. A theoretical exposi-

tion of the approach followed in this research is given below.

FIGURE 1

Economic � Ecologic Model



assume that there are n producing sectors.

Def inc:

X = Total output of sector i in dollars, i = ],2,1

Total sales of sector i to sector j in do] 1 ars,
J = 1 p2g ~ . ~ gn ~

D = Total of final demand for sector i in dol lars.i

Let:

xij
lj

j

�! X = a, X..i J ig j.

Substituting �! into �!, yields;
n

�!XjZai jXDi s in ceXi X J

fxpansioo of the system of equations �! yields:

= total output.

X] = all Xl + a]2 X2 + ' '' + a]�Xn + Dl

X2 = a21 Xl a22 X2 + '' + a2n Xn + D2

Xn = an]X + an2 X2 + '.. + a X + D ,nn

which is equi valent to:

a12X � .... � a X2 ' 1nnXl - a]]X

X2 - a21X1

D

'22'2 " '2 " D

 y!
I

Xn - an]X] a 2X - a X
nn n

The input-output transactions can be described by the following equations:

�! Xi = lxij + D
i=l



In compact matrix form, system of equations �! is written as:

�! X-AX= D,

where:

X = Column vector of total outputs with n elements,

D = Column vector of final demand with n elements,

A = nxn matrix of direct input coefficients.

I actorlng X in �!,

X I-A! =D, e!

hence:

X =  I - A! D.

Assume that the ecologic sector is composed of m categories. This

sector can be extended into the accounting framework as fol lows:

Define:

g-; = the output of the ith environmental corrmrodity discharged
as a result of the final demand for the jt" economic sector,
j= 1,...,n, i = l,...,m,

and let:

b i = environmental coefficients. The use of environmental
factor i per dollar output in sector j.

then:

g.; =b,X,,j1 jl j'

hence:

rn
Z b X.

The system of equations obtained for the environmental sector can then
be represented by:

Z g ; j = l,....,n,



]n matrix notation,  8! can be expressed as:

1] 912 g]3 ' glm

'zz
I

923 "" gzm21

 9!

nl 9 3

bl]X] blzX1 b13Xl ...b

21 Z
I

22 2 23 2
...b

2m
I

b X b X b X ...b X
nl n nz n n3 n nm

For simp]icity, assume that there are 2 economi c sectors and 3 pollutants;

then the ecologic sector can be written as:

1 1 12

921 '23

where for example g11 is the amount of ecoiogicexport 1 due to sector 1,

912 is the amount of ecO]Ogic eXpOrt 2 due tO SectOr 1, 923 is the amOunt Of
eco iogi c export 3 due to sector 2.

Equate:

ll 1 12 1 13

21 2 22 2 23

�0!
b -X ~

J

Transpose the matrices in �0! and obtain,

]] 21

91Z
Zl

12 22

13 23

912 91

21 22 2

b]]X] bzlX2

b12X1 bzzX

b13X] b23X2



From �!,

X =  I � A! D, can be expanded as:-1

Al l Al 2 Dl

Azl Az2 Dxz

11 l 12 2

Az1D1 + Azz Dz
�2!

-l
where the elements A- - are the elements of the Leontief inverse  I-A!, and

1J

D are final demands ta sector j.

Substituting the values of X. in �2! for X. in  ll!,
J J

obtain:

All Dl + A12 DZ

Azl Dl + Azz D

bll  All Dl + Alz Dz!

biz  Al D A D!

13 11 1 12 Zi

b .A,D,

b ~A,D.

b ZA,D

b ZA.D,
12j 1 j j

b 5A. D.
13J 1 J J

 l4!

gZl

12 22

gz3

bll bzl

'12 '22

bzl  Azl Dl + A22D2!

bzz  A21D1 + AzzD2!

bz3 A21D1 + A22D.!



Therefore from �3! and �4! the values of b;j can be computed as:

g21
b21- ZA2jDj

j

b
11

ZA jDj

b 12 ZA! D
j j

22 ZA D
2J J

g23
23 ZA2 ADJ J

b g]3
13 ZA1'D.1jj

The analysis can be presented in compact matrix notation as follows:

let:

a' = A transpose of a matrix G which is a matrix
of the environmental comnodities produced by
the processing sectors.

b' = A transpose of a matrix B which is a matrix of
environmental coefficients. Each element in
the matrix corresponds the use of an environ-
mental factor i for a dollar output in sector j.

= An  nxn! diagonal matrix of outputs of the
processing sectors.

D = An  nxl! matrix of final demand.

Then:

a' = B'X

= B'I r-A! D~ .

As can be seen, the solution for bj,. is obtained'as -functions -of the

final demand Dj. The value of bji thus obtained will allow the computations of

a variety of environmental mul tipliers. These include resource-output mul tipliers

resource-income mul tipliers and resource-resource mul tipliers. A brief theoreti-

cal discussion of these multipliers is presented below.



ENVIRONMENTAL-OUTPUT NULTIPL I ERS

The multipliers can be calculated as follows:

let:

the output of the it environmental commodity
discharged as a result of the final demand for
the j t" economic sector,

gij =

total of the ith environmental corrmodity discharged
to the environment due to economic activity of the
processing sector,

G

ecologic coefficient i per dollar output. in sector j,

total output of sector j,X
J

then:

�5! Gi Zgij Z ij"j
J J

Expanding system of equations �5! yields:

GI � bIIXI + bIPX2 + ... + bI X

GZ = ZI"I ' ZZ"P ' -- ' Z "

 le!

Gm � bmIXI + bmPXZ + ... + bmnXn.

In matrix notation �6! takes the form:

Ii lZ ' In

'Z~ Z~"" ban

XI

XZ

bml bm2

The resource-output multipliers measure direct and indirect environ-

mental inpacts of economic activity of an area. They show the magnitude of

the changes of environmental resources  water effluents, air pollution, solid

wastes! resulting from an increase of one unit of sales to final demand of

each of the processing sectors contained in the input-output model.
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or in compact form:

�7! G = BX.

Substituting from �!, X =  I-A! D into �7},

the result is:

G = B [ I-A! ID]

[B I-A! I] D
�8!

Hence, G is a function of the final demand D, and the elements of the

matrix [B I-A! ] are the partial derivatives of G with respect to D.,

i = 1,2...m; j = 1,2,,n. These partial derivatives are the resource-output

multipliers which measure the direct and indirect effect of changes in the

final demand on the production of ecologic factors.

ENVIRONMENTAL-INCOME MULTIPLIERS

Environmental-income multipliers measure the impact on the environment

due to one unit change in money income arising from each producing sector.

They are useful indicators of the magnitudes of pollution emissions as the resu

of income to employees. They provide useful information for comparing the

different types of industries in terms of providing income and pollution emissi

Let:

Z =  nxn! matrix of value added.

W =  nxn! matrix of value added coefficients.
It is a matrix of wages paid per dollar of output.

Then:

the total change in income throughout the regional economy from a change in

income within sector j.

where  I-A! is the Leontief inverse obtained in �!. Income multipliers Zj
are obtained by summing down the columns of Z matrix. Each number Zj represents



To find the environmental-income multipliers, it is necessary to divide

the appropriate elements of the matrix [B I-A! ~] by the appropriate income

mul ti plier Z ..
J

That is the elements I in the environmental-income multipliers matrix7 lj

I can be obtained by:

~U
~J Z.

J

where U are elements in the matrix U = IB I-A! ].-1
1J

ENVIRONMENTAL-SELF MULTIPLIERS

In essence, environmental-self multipliers evaluate the relationship

between the amount of environmental factors  pollutants! a processing sector

produces and other environmental factors which it causes to be produced through

its purchases of output from other processing sectors in the region.

TYPE I AND TYPE II MULTIPLIERS

So far, in discussing the environmental model, emphasis of producing

pollutants is concentrated on those caused by the economic process. That is,

the effect of the household sector on the production of pollutants is not

included. The multipliers obtained thus are called Type I.

When households are considered to function as part of the endogenous

producing sectors, it is then counted as a vital, internal sector just as

any other in causing pollution. Therefore, when including households in the

model, not only the direct and indirect impacts of an increase in output are

counted, but also added is the induced effects. Multipliers thus obtained

are cal led Type I I.

The Type II multipliers are more realistic as tools in analyzing total

effects due to the fact that consumers' activities are also accounted for in

the economic activities. By definition of the two types of multipliers it is

obvi ous that:

Type II > Type I
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in all categories since in computation of Type II the direct effects, indirect

effects, and induced effects are included while those for Type 1 on'Iy the direct

effects and indirect effects are included.
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III. APPLICATION OF THE ECONOMIC-ECOLOGIC MODEL
MISSISSIPPI COASTAL REGION

In Section II, a theoretical exposition for linking the economic and

ecologic matrices was given, In this section, the theoretical presentation

will be adapted to describe the economic-ecologic impacts on the economy of

the Coastal Region of Mississippi.

The discussion, the tables ~ and the findings of this section are based on

previous work cited in [10] and Ill]. The major matrices that were the core

of these references are included in Appendix A for convenience.

There are nine tables in this section. The first seven tables, numbered

Table 1 through Table 7, are the results of the immediate application of the

theoretical portion given in Section II. Tables 8 and 9 show the ranking of

sectors as evi denced by the magni tudes of pol lutants produced by these sectors

for every $1,000 of induced activity in terms of final demands and income,

respectively. In each of the tables 1 through 7, the rows indicate the

pollutants and the columns numbered 1 through 29 or 1 through 30 are the

economic sectors of the region as follows:

Number Sector

1

2 3 4 5 6 7
8 9

10
11
12
13
14
16

Fi sheri es

Forestry
Li ves tock
Crops
Ag., Forestry & Fish. Services
Mining
Construction
Food Processing
Apparel & Other Finished Products
Lumber & Wood
Paper & Allied
Printing & Publishing
Chemicals & Petroleum
Stone, Clay, & Glass
Primary & Fabricated Metals



l4

Transportation Equipment
Miscellaneous Hfg.
Water Tr ans po rta ti on
Other Transportation & Warehousing
Communications & Public Utilities
Eating & Drinking Places
Service Stations
Wholesale & Retail Trade
Finance, Insurance, & Real Estate
Hotels, Motels & Lodging
Medical Services
Educational Services
Other Services
State & Local Government
Households

16
17
18

19
20

21
22
23
24

25
26
27
28
29
30

~ they in turn will contribute to the pollution. For examp]e, Sector 8,
the Foodod P~ocessing, when increasing its output by $1,000 will cause a total
discharrge to the environment of .1 HGY ! of waste water, .003 tons of nitrogen,

Entries in Table 1 give the technical relationships between the economic

sectors and pollutants. They are the uni ts of pollutants in tons produced by

these sectors as a result of thei r acti vi ties for each $1,000 of output. Waste

water is gi ven in terms of million gallons per year  MGY! for each $1,000 of

output, For instance, Sector 8, Food Processing, contributes .075  NGY! of
waste water, .002 tons of ni trogen, .005 tons of BOD, .008 tons of sus pended

solids, .004 tons of settleable solids, .002 tons of oil and grease, .002 tons

of ni trogen oxide, .008 tons of sulfur oxides, .001 tons of particulates, and

.426 tons of solid waste for each $1,000 of output. These values are the di rect

requi rements resulting from the sectoral sales.

The secondary environmental effects resulting from the interindustry sale.'

and purchases are called the indirect effects. Together the direct and the

indi«ct effects of $1,000 of earh sector's output are given in Table 2. Hence,
every entry in this table represents the total exports of pollution to the

That is, a $1,000 increase in economic activity of a certain

t r»11 cause increases in production in all other sectors due to the
"ult>plier effect. Through their economic activities to meet the demands of that
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.DQ5 tons of BOD, .009 tons of suspended solids, .005 tons of settleable solids,

.002 tons of oil and grease, .002 tons of nitrogen oxides, .016 tons of sulfur

oxides, .002 tons of carbon monoxide, .004 tons of particulates and .644 tons

of solid wastes.

It can be observed from Table 2 that though some of the sectors were not

contributing to pollution directly through their production process, nevertheless,

indirectly they caused other sectors to do so through their supporting activities,

The construction industry sector 7 does not produce BQD directly, yet through

the round of economic activities by the supporting industries .001 tons of BOD

is produced for each $1,000 increase in construction.

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

presented in Table 3. The entries represent the physical quantities of pollutants

generated through $1,000increase in income of the various sectors. Again, using

sector 8 as an example, a $1,QQQ increase in income in the Food processing

industry will cause a contribution of .257  NGY! of waste water, .007 tons of

nitrogen, .014 tons of BOD, .024 tons of suspended solids,,OI2 tons of settle-

able solids, .006 tons of oil and grease, .005 tons of nitrogen oxide, .040 tons

of sulfur oxide, .004 tons of carbon monoxide, .011 tons of particulates, .001

tons of hydrocarbons, and I.653 tons of solid waste.

Looking at this from another point, the limitation in environmental

pollution by the quantities listed will necessarily cause a $1,000 decrease in

income. This fact in a sense is a prime example of what is meant by the term

"trade ofi" between the economy and the environment.

Table 4 gives the sel f multipliers' matrix. The entries are obtained by

dividing each element in Table 2 by its corresponding element in Table 1. For

instance in Sector 8, waste water use in Table 2 is .100 tons while in Table l,

it is .075 tons. Therefore,

.1OQ
= 1.329.
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The values presented in the table are not exact due to "rounding-off" of

numbers by the computer. If an entry in Table 1 has a zero va'lue, the result

in Table 4 is presented by zero also. If on the other hand an entry in Table

is zero and its corresponding entry in Table 2 is a positive number, no compara-

tive ratio is calculated and asterisks are printed. In a sense each number in

this table is the ratio of the total  direct and indirect! physical output of

a particular pollutant to the direct physical output in a given sector. From

the nature of ratios, it can be seen that large multipliers correspond to

dividing large numbers by considerably smaller numbers. This implies that, the

industry in question is by itself of lesser "significance" in producing a

particular pollutant compared to the supporting industries.

The discussion of the various multipliers so far is for Type I. As

was explained in Section II, Type I multipliers are computed by accounting only

for the processing sectors. For the Coastal Region of Mississippi, they are

composed of 29 sectors. When allowance is made for the Household sector in

computing the various multipliers, Type II multipliers are obtained. Therefore,

Table 5, Table 6, and Table 7 can be interpreted in the same manner as Table 2,

Table 3, and Table 4, respectively. In each case, generally, the induced effect

of including the Household sector results in having the value of the multiplier's

of Type II to be larger than those of Type I.

The computer progranming for calculating Tables I through 7 was obtained

through an adoption of a program by 8laylock and Jones {3]. The program is

written as a direct application of the theoretical exposition given Section III.

Tables 8 and 9 present the ~ ~formatio~ available in Tables 5 and 6,

respectively, in a different way. Here the sectors are ranked in terms of the

environmental factors for each $1,000 of sales in the case of Table 8 and for

each $1,000 of income in the case of Table 9. In both situations, the ranking

is for Type II mul tipliers where the induced effect of including the Household
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sector among the producing sectors is taken into account.

For instance, in Table 8 with .000077 tons of chlorine per $1,000 of

induced sales, Sector 28. the Other Services sector, ranks the highest fallowed

by a contribution of,000059 tons by Sector 8, the Food Processing sector. for

every $1,000 of its induced sales. Qn the other hand, Table 9 presents corres-

ponding type of information when accounting for $1,000 of induced income.

Taking chlorine as an example with a production of .000114 tons per $1,000

of induced income, Sectors 8 and 28 rank the highest followed by Sector 22

with .000058 tons for each $1,000 of induced income,
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IV. SOME PRACTICAL USES OF THE MODEL

The model discussed in Section III can be used in a variety of useful
ways depending on the nature of inquiry as regards to the interplay between
the economy and the envi ronment in the Coastal Region of Mississippi . In
this section, some examples ei ther factual or hypothetical wi 1 1 be presented-
The examples gi ven are by no means exhaustive . However, they wi 1 1 di sp'1 ay
the appropriate techniques and computationa'1 procedures necessary to aaopt
the results contained in Section III:

Topics to be discussed are:

1. Environmentaf requirements to sustain self-sufficiency
in related industries.

2. Environmental requirements due to expansion of exports
in selected industries.

3. Envi ronmental requi rements due to attracting new
indus tri es.

The examples that are given here are for the calculation of environmental

effects due to output. Similar procedures are used if the relationship is
desired between income and the environment.

If the Coastal Region desires to be self-sufficient in a particular
industry, i t means that all imports of the product of that industry would be
replaced by local production. For instance, assume that se'If-suffici ency is
desired in the Food Processing  Sector 8!, Lumber and Mood  Sector 10!,
Chemical/Petroleum  Sector 13! and the Primary/Fabricated Metais  Sector 15! ~
Then from the Transaction Matrix Table of the Input-Output model [10] repro-
duced in Appendix A, the magnitudes of imports to be affected are $40,408,000,
$4,572,000, $107,549,000 and $2,515,800, respectively.



The direct environmental requirements  pollution produced! by such an

endeavor can be calculated using coefficients of columns 8, 10, 13 and 15 for

each of the environmental factors. These calculations are presented in Table

10. The table shows that waste water to be dumped into the environment as a

consequence is approximately 3,050  MGY!, 91  MGY!, 6,555  MGY! and 664  MGY!

for the Food Processing, Lumber and Wood, Chemical/Petroleum and Primary/Fabri-

cated Metals, respectively. On the other hand the magnitudes of suspended

solids are approximately 383 tons, ZO tons, 309 tons and 16 tons.

When the direct and indirect environmental requirements are desired.

Table 3 is the appropriate source for the necessary coefficients. The environ-

mental factors are provided in Columns 8, 10, 13 and 15 in a similar manner.

The physical magnitudes are presented in Table 11. It can be observed from

Table ll that the magnitudes of pollutants are larger than those in Table 10.

This is expected due to the fact that the coefficients in Table 3 account

for the direct output of pollutants by the particular producing sectors as

well as the pollutants of the supporting sectors. For instance, waste water

magnitudes are 405I  MGY!, 105  MGY!, 6895  MGY! and 773  MGY! for the four

sectors examined.

In a similar approach, the induced environmental impact can be obtained

from coeffi cients of Table 5. This table as was explained earlier accounts

for the inclusion of the Household sector as an integral member of the economic

acti vi ty of the region. Total physical values of the environmental factors

are given in Table 12. Here, the values are even higher than those in Table 11.

It should be mentioned again that the physical magnitudes in Table 12 are

obtained by mul ti plying the amounts of i nputs in the Transaction Matrix of

the Input-Output model in Appendix A by the coefficients given in Table 5.

B. Ex ansion of Ex orts

Another use of the model is for the case when expansion of exports
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TABLE 10

Food
Proccssin

Environmental
Factors

Prim-FAB
Metal

Lumber
Wood

Chemical
Petroleum

3O49.632
1. 778

99. 404

663. 894
. 352

8.176

90. 882 6555.004

78.403
6,668

Waste 'Water
Chlorine
Nitrogen
Sulfides
Flouride
Phosphate
Heavy Metals
Zinc
Cadmium
!ron
Chromium
Aluminum

Copper
Nickel
Lead

Fecal Coliform
BOD
COD
Suspended Solids
Settleable Solids
0i 1 5 Grease
Phenol s
Organic Carbon
Nitrogen Oxide
Sulfer Oxide
Carbon Monoxide
Particulates
Aldehydes
Hydrocarbons
Solid Waste

3.790

.403

.679
1.333

.201
3.271

.352

.780

. 323
23.661

.323

12.052189. 392 . O25117.228
338.887
309.09619.888382.719

171 ' 290
84. 736

15.673

2.254
.046

7.72459.367
.108

26.887
1795 .746

814.684
3,872

42.052
3.872

194.018
8731.581

35.272
35 .372

.327
136.532

.327

.327
19595.415

64.774

327.911
2.788

32. 367
2.788
2.788

17218.778

2.451
15.883

.133
196.427

.133

.133
1001. 085

DIRECT ENVIRONMENTAL IMPACT OE OUTPUT RE UIRED
FOR SELF-SUFFICIENCY

MISSISSIPPI COASTAL REGION
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TABLE ll

Environmental
Factors

Chemical
Petroleum

Lumber

Hood
Prim-FAB

Metal
Food

Processin

Waste Water
Chlorine
Nitrogen
Sulfides
Flouride
Phosphate
Heavy Metals
Zinc
Cadmium
I ron

Chromium
Aluminum
Copper
Nickel
Lead
Fecal Coliform
BOD

COD
Suspended Solids
Settleable Solids
Oil 8 Grease
Phenols
Organic Carbon
Nitrogen Oxide
Sul fer Oxide
Carbon Monoxide
Particulates
Aldehydes
Hydro Carbons
Solid Waste

105.161
.005

4.193

4051.468
2.020

110.112

6895.289 773.609
.215 .428

82.167 9.636

6.668
.403

.704
1. 384

. 202
3. 522

. 377

. 830

. 323

23.876
.323

214. 849
. 162

379.593
187.816

95.767

13. 465
.014

22.334
.005

2.615
.050

135.942
341.361
351.685

.538
67.111

.215
27.102

1952.982
2052.573

553.232
280.860

12.368
274 .035

10106.380

5.585
. 126

25. 535

.059

10.541

94.716
633.193

63. 764
177. 997

4. 647
16, 163

26009. 660

7. 265
30. 033
17.671

221.244

. 352
2. 665

1125.786

885.562
328. 538
187. 779
192.056

3.648
27.246

2078l. 79I

DIRECT AND INDIRECT ENVIRONMENTAL IMPACT OF INCREASED OUTPUT
FOR SELF-SUFFICIENCY TYPE I � SELECTED SECTORS

MISSISSIPPI COASTAL REGION
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TABLE 12

rim- AB

Metal
C emical

petroleum

Environmenta

Factors
Lum er

Wood
oo

Processin

971.350
.654

13,510

Waste Water
Chlorine
Nitrogen
Sulfides
Flouride
Phosphate
Heavy Metals
Zinc
Cadmi um

Iron
Chromium
Aluminum

Copper
Nickel
Lead
Fecal Coliform
BOD
COD
Suspended Solids
SettleabIe Solids
Oil 8 Grease
Phenols
Organic Carbon
Nitrogen Oxide
Sulfer Oxide
Carbon Monoxide
Particulates
Aldehydes
Hydrocarbons
Solid Waste

341.750

.046

4. 924

4362.609
2.384

116.335

7634.043

1.075
97.009

6.668

.428

.704
1.384

.210
3,522

.377

.830

. 323

.876

. 323

. 040

. 040

200.902
341.468

.416
4.840

98,300
.215

27.102

2261.971
3547.826
1916,631

372.657

15. 810
455.470

22988.491

242.246
.ZOZ

532.779
189,635
108,940

16,688
.018

40.352
.219

4.165
,050

22.667
.151

121.085
1.182

18.768

169.691
723..230
545.878

235.076
4.554

74.870
24184.084

.871

1262.992
638.042

246.974
6,102

92.575
31466.194

22. 567
104.090

85.204
229,354

.521
11.649

1767. 480

INDUCED ENVIRONMENTAL IMPACT Of INCREASED OVTPVT FOR
SELF-SUFFICIENCY - TYPE I I SELECTED SECTORS

MISSISSIPPI COASTAL REGION
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is contemplated by an existing industry. Assume that a 10 percent increase

in exports is ecpected for the Food Processing sector. Then from the Trans-

action Matrix of the Input-Output model given in Appendix A, such an expansion

amounts to $7,378,000.

For this example, only the induced envi ronmental impacts are calcu'lated.

Therefore, the environmental factors can be obtained by using the coefficients

of Column 8 of Table 5. Every number in that column is therefore to be multi-

plied by 7,378,000. The results of such calculations are given in Table 13.

C. Attraction of New Industries

The attraction of a new industry to a regi on would have a multiple effect

over the other producing sectors. First, through the economic interrelationships,

all sectors in the region will expand their outputs to meet the new demands.

From the Columns of The Technical Coefficient Matrix of the Input-Output model

IIOJ Table 2, page ll, the expansion in sales of all sectors can be calculated.

Assume that a new Food Processing industry wishes to locate its operations

in the Mississippi Coastal Region. Then Column 8 of the table presents the

proportion of immediate sales of each sector. Through these proportions

actual values of sales are calculated and are shown in Table 14.

In order to obtain estimates of pollution that will be caused by all

sectors, Table 2 through Table 4 might be used depending on the type of infor-

mation desired. For this example, the induced effects utilizing the coefficients

of Table 5 are ca'lculated and are shown in Table l5. Similarly, if a new plant

in the Chemical-Petroleum sector wishes to locate in the region, actual antici-

pated sales are shown in Table 14 and estimates of anticipated pollution is

shown in Table 16. A comparison of the economic-ecologic tra~eff betweer

the two types of industries, the Food Processing and the Chemical-Petroleum

can be made through an analysis of Tables 14, 15, and 16. For ease of compari-

son, it is assumed here that the anticipated potentia'l for botn industrtes is

of a magnitude of a million dollars.



58

TABLE 13

TonsFnvi ronmental Factors

796558.39
435.30

21241.26

Waste Water  MGY !
Chlorine
Nitrogen
Sulfides
Fl ouri de
Phosphate
Heavy Metals
linc
Cadmium
Iron
Chromi um
Aluminum
Copper
Nickel
Lead
Fecal Coli form
80D

COD
Suspended Solids
Settleable Solids
Oil 5 Grease
Phenols
Organi c Carbons
Nitrogen Oxide
Sul fur Oxide
Carbon Monoxide
Particulates
Aldehydes
Hydrocarbons
So 1 i d Was te

7. 38

516.46

11244.07

44.27
43611.36

309.88

2825.77

7.38

171280.27
268994 50
106073.50

28471.70

1387.06
15353.62

1376970 80

INDUCED  TYPE II! ENIIIRONMENTAL IMPACT IN A
10% EXPORT EXPANSION  THOUSAMDS-OF 1972 DOLLARS !

THE FOOD PROCESSING SECTOR
MISSISSIPPI COASTAL ZONE
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TABLE 14

Sales To
Chemi cal s-Petrol eum

Sales To
ProcessinFoodSectors

Fi s heri es
Forestry
Livestock
Crops
Ag. Forestry, Fish. Srv.
Ni ning
Cons tructi on
Food Processing
Apparel 8 Finished
Lumber & Mood
Paper and Allied
Printing & Publishing
Chemicals & Petroleum
Stone. Clay 8 G'Iass
Primary & Fab. Metals
Transportation Equip,
Niscellaneous MFG.
Water Transportation
Other Trans. & Warehousing
Communication 8 public Util.
Eating & Drinking Places
Service Stations
Wholesale 8 Retai'I Trade

Finance, Insur., Real Estate
Hotels, Motels & Lodging
Medical Services
Educational Services
Other Services
State 8 Local Gov't
Households

7247D
4170

22390
11370 110

1430
14470

810
4620

83490

740
4230

160
7230
2120

710

290
4840
1630

730
5130
1720

20
1400
8830
6460

13700
4110

2770
16920
32750
29030

2410
780

18530
27110

1180
150
170

1760
2370

268940

31610
9980
1290

90
'I 00

16480
1750

268980

INPUTS RE U!RED FOR A MILLION DOLLAR NEM INDUSTRY
IN THE FOOD PROCESSING AND CHEMICAL-PETROLEUM SECTORS
MISSISSIPPI COASTAL REGION  THOUSANDS OF 1972 DOLLARS!
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V. EVALUATION OF THE MOOEL

Evidence indicates that intense economic activities contribute signi-

ficantly to air, water, and land waste. The extensive outflow of such residuals

creates concern among the public as well as the government.

The establishment of many governmental agencies involved with the environ-

ment encouraged legislators to enact controls that would ensure the reduction

of waste or at least the transforming of waste to lesser harmful substances.

In ordel to aid the legislative and regulative agencies in forming regulations,

an understanding of the interactions between the economy and the environment

is prerequisite.

This study, which is the result of three years' effort, is in principle

primarily concerned with how the economic activity of the Coastal Region of

Mississippi generates waste loadings. This is done through quantification of

the discharges to show-how the economic interactions cause their generation.

The study therefore does not attempt to determine the significance of harm to

the environment in any manner other than the economic basis.

The model fol lows accepted procedures that have been in development and

use for many years. The abundance of publications in the type of approach

attests to its popularity and acceptability by economists concerned in regional

inquiries. The theoretical basis is sound, and the information it yields could

be invaluable to those who seek to make decisions on rational foundations.

This report along with the other two, [10] and f11]. present a systematic

approach for the economic-ecologic interactions in the Coastal Region of

Hississippi. A great deal of time and effort was spent in collecting and

assimilating data from primary and secondary sources. However, in many

i nstances, lack of data in usable form made it imperative to use value
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judgements and intelligent guesses. Therefore, when one reads these reports,
these facts should be borne in mind.

The researchers do not wish to comment on the magnitude of the poIlution

problem in the Coastal Region in the sense as to whether or not it is acute

enough to discourage further industrial expansion. The reason for this is

the unavaflabi lity of the proper ecologic data in terms of the upper limits
of pollutants which the envi ronment of the region can handle naturally.
However, the information provided by these reports would be of great help to
those who are in a position to make decisions relative to the expansi on of
economic activity in the region.

As environmental data become more available in the future, an updating
of the model might be desi red. In this case, the effort required for such
an endeavor would be considerably less than the current research because of
the lessons learned.
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