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I. INTRODUCTION

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 foljowed 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 activity and its
wasteborn residuals within the Narragansett Bay Drainage Basin. Blaylock [2]
studied the economic-environmental interrelationships in the lower Rio Grande
region of Texas. Roberts [12] similarly investigated the linkages between the
economy and the environment in Clatsop County, Oregon. Laurent [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 wain phases:

(1) Construction of an input-output model. Such model for the Coastal

Region of Mississippi was completed in March 1978 [10]. Here, the economic
activity of the region was divided into 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 econcmy 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 éxports, expansion in existing industries,
or the introduction of new industries and services. |
(2) 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.

(3) Construction of the linkages between the economic and environ-
mental models. At this stage information obtained in the previous
two stages 1is combined to produce the mutual: interdependency of the

two activities.

This report intends to provide this Tink. It will emphasize that changesf
in the economy will accomﬁany changes in the environment. Estimates in the
form of pollution produced per dollar of output, employment, and income will
be presented. Furthermore, environmental-economic multipliers will be ca]culateg?
for each combination of environmental category and economic séctor. Some
hypothetical uses of the model will also be discussed.

Since the findings of this report are based on the previous two
studies [10] & [11], it will be necessary for the reader to refer to them

occasionally.



I1. 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 mode} [7], the Leontief mode! [9],
the Victor model [13],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 Charieston 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 effiuents to air and water and of solid wastes as
exports of production by-products as shown in Figure 1. A theoretical exposi-

tion of the approach followed in this research is given below.
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Assume that there are n

producing sectors.

,N.

Define:
X; = Total output of sector i in dollars, i = 1,2,...
Xji = Total sales of sector i to sector j in dollars,
J .
J= 12,0040,
Di = Total of final demand for sector i in dollars.
The input-output transactions can be described by the following equations:
(1) Xy = Exyy 40,
i=1
Let:
= X
‘31,] = "] .
Xj
then
Substituting (2} into {1), yields:
n
(3) X; =i§?1jxj *+ Dy, since X; = X;, X; = total output.

Expansion of the system

of equations (3) yields:

A =ap Xy rapp X+ o+ X+ D,
x2=a21 X1+322X2+...+62n xn+DZ
Xn = 3anX) +ap, Xt ven tany Xy + D,
which is equivalent to:
I P B .
Ky = a1 - ay,%5 - T )
(4) ' ! A

Xp - Xy - 3,25 - =% = D



In compact matrix form, system of eguations {4) is written as:

(5) 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.

Factoring X in (5),
(6) X (I -A) =0,
hence:

(7) X=(1-A8"T0.

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

cector can be extended into the accounting framework as follows:

Define:
gj; = the output of the ith environmental commodity discharged
az a result of the final demand for the j'" economic sector
3= T,00esn, 1= 1,...,m,
and let:
bji = environmental coefficients. The use of environmental
factor i per dollar output in sector jJ.
then:
hence:
ji
X

.i

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

J=Tiouusn,

(8)
X =Ty,



In matrix notation, {8) can be expressed as:

N1 9y Y3 ---r 9y
921 95 93 9om
(9) L I
___grﬂ grl2 gn3 gnm 1
[ D13%) DoKXy bygXy .ouby X
by1%y bag¥y BogX, ouby X,
b ...
_ nIXn bnzxn bn3xn bnmxgj

For simplicity, assume that there are 2 economic sectors and 3 pollutants;

then the ecologic sector can be written as:

913
g

912
920

MmN

921 23

where for example 911 is the amount of ecologicexport 1 due to sector 1,

912 s the amount of ecologic export 2 due to sector 1, 923 is the amount of

ecologic export 3 duye to sector 2.

Equate;
1
o) | M 9y, 93 P11%y 01y Bisk, -
= 3%
924 922 923 b21X2 b22x2 b23X2
Transpose the matpices in (10} and obtain,
g
i 9 b1i¥y byr¥s b1 Par| [ %
(1) N2 S22 | = 1bypX) byXy | = fby, by,
3%y b ot P13 by3 X

;.



From (7},
X = (I - A)"Ip, can be expanded as:
8 T PR
Xo Aoy Ay D,
(12) I AIZDZ.]

| Az1Dq * Agals |

where the elements Aij are the elements of the Leontief inverse (I—A)_], and

Uj are final demands to sector j.

Substituting the values of Xj in {12) for Xj in (11),

obtain:
91 921 byp bai|| Ayy Dyt A Dy
(13) | %12 922 |= | P12 b2 =
913 923 byz D23 Ay1 Dy + Ay by
byy (Ayy Dy + App DY) byy (ApyDy + AynD,)
byp (A1y Dy + Agp D) byy (Ap1Dy + AxgDp)| =
byg (Ajy Dy + App D)) byy (AyyDy + AyyDy)
=
b, LA .D. %A
113 13 J % 1 2J Dj |
(14) b12§ Ai 223 Ras © [
b..TA . D
135 A5 05 b93¥ Ay JJ



Therefore from (13) and (14) the values of bij can be computed as:

g g
j lJ J j J-J
g 99
b —1 12 b =
12 A1 :D: 22 A, D:
F 1353 3 AN
_ 913 - 923
byg = A3 boy = 223
13 TIA;.D. 23~ TIA, D,
5 137 52373

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 commodities 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.

X = An (nxn) diagonal matrix of outputs of the
processing sectors.

D = An (nxl) matrix of final demand.

Then:
a' = B'X
= B'[(1-A)"1D] .

As can be seen, the solution for bji is ebtained-as functions of the

final demand Dj. The value of bji thus obtained will allow the computations of
a variety of environmental multipliers. These include resource-output multipliers f
resource-income multipliers and resource-resource multipliers. A brief theoreti-

cal discussion of these multipliers is presented below.



ENVIRONMENTAL-QUTPUT MULTIPLIERS

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
each of the processing

The multipliers

Tet:
Qij =
Gi =
b'lJ =
XJ =
then:
{15) Gy =

an increase of one unit of sales to final demand of
sectors contained in the input-output model.

can be calculated as follows:

the output of the ith environmental commodity
discharged as a result of the final demand for
the jth economic sector,

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

ecologic coefficient i per dollar output in sector J,

total output of sector j,

£9:5 = Ibi.X..
i’ g1

Expanding system of equations {15) yields:

Gy = PpyXp ¥ bypXp + ..o+ by Xy
[} [} 1 ]
(16) ] 1 1 ]
1 1 1 1
Gy = bmlxl + bm2x2 o bmnxn'
In matrix notation (16) takes the form:
— = — — ad —
61 b1z Prz---- by !
Gy bpy  bpp---. byy X2
1 = 1 1 1 L .
1 1 ] 1 t
Gy ] b bz bmn Xn
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or in compact form:
(17) G = BX.
Substituting from (7), X = (1-A)~1D into (17),

the result is:

B[(I-A)~1D]
[B(1-A)"11p

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

o
]

(18)

matrix [B(I-A)'l] aré the partial derivatives of G with respect to Dj,
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 resul
of income to employees. They provide useful information for comparing the

different types of industries in terms of providing income and pollution emissig 2

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:
Z = W(1-A)1,

where (I—A)'1 is the Leontief inverse obtained in (7). Income multipliers Zj
are obtained by summing down the columns of £ matrix. Each number Zj represents
the total change in income throughout the regional economy from a change in

income within sector j.
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To find the envirgnmental-income multipliers, it is necessary to divide
the appropriate elements of the matrix [B(I—A}‘l] by the appropriate income
multipiier Zj.

That is, the elements Iij in the environmental-income multipliers matrix

[ can be obtained by:

[..=Yi31
1] Zj :
where U;; are elements in the matrix U = [B(I-A)~1].

1]
ENVIRONMENTAL-SELF MULTIPLIERS

In essence, environmental-self multipliers evaluate the relationship
between the amount of environmental factors (pollutants) a processing sector
produces and other envircnmental factors which it causes to be produced through
its purchases of cutput 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 muitipliers 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 pcllution. 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 called Type II.

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
obvious that:

Type II > Type I
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in all categories since in computation of Type Il the direct effects, indirect
effects, and induced effects are included while those for Type 1 only the direct

effects and indirect effects are included.
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111. APPLICATION OF THE ECONGMIC-ECOLOGIC MODEL
MISSISSIPPI COASTAL REGION

In Section 11, a thearetical 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 tabless and the findings of this section are based on
previous work cited in [10} and [11]. 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 evidenced by the magnitudes of pollutants 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 Fisheries
2 Forestry
3 Livestock
4 Crops
5 Ag., Forestry & Fish. Services
6 Mining
7 Construction
8 Food Processing
9 Apparel & Other Finished Products
10 Lumber & Wood
11 Paper & Allied
12 Printing & Publishing
13 Chemicals & Petroleum
14 Stone, Clay, & Glass

15 Primary & Fabricated Metals
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16 Transportation Equipment

17 Miscellaneous Mfg.

18 Water Transportation

19 Other Transportation & Warehousing
20 Communications & Public Utilities
21 Eating & Drinking Places

22 Service Stations

23 Wholesale & Retail Trade

24 Finance, Insurance, & Real Estate
25 Hotels, Motels & Lodging

26 Medical Services

27 Educational Services

28 Other Services

29 State & Local Government

30 Households

Entries in Table 1 give the technical relationships between the econcmic

sectors and pollutants. They are the units of pollutants in tons produced by
these sectors as a result of their activities for each $1,000 of output. MWaste
water is given in terms of million gallons per year (MGY) for each $£1,000 of
output. For instance, Sector 8, Food Processing, contributes .875 (MBY) of
waste water, .002 tons of nitrogen, .005 tons of BOD, .008 tons of suspended
solids, .004 tons of settleable solids, .002 tons of oil and grease, 002 tons
of nitrogen oxide, .008 tons of sulfur oxides, .001 tons of particulates, and
426 tons of solid waste for each $1,000 of cutput. These values are the direct
requirements resulting from the sectoral sales.

The secondary envircnmental effects resulting from the interindustry sales
and purchases are called the indirect effects. Together the direct and the
indirect effects of $1,000 of each sector's output are given in Table 2. Hence,
EVery entry in this table represents the total exports of pollution to the
environment. That is, a $1,000 increase in economic activity of a certain
sector will cause increases in production in all other sectors due to the
Mmuitiplier effect. Through their economic activities to meet the demands of that
SECtor, they in turn will contribute to the pollution. For example, Sector 8,
the Food Processing, when increasing its output by $1,000 will cause a total

di .
1scharge tp the envivonmant of .1(MGY) of waste water, .003 tons of nitrogen,

¥_
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005 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 thetr production process, nevertheless,
indirectly they caused other sectors to do so through their supporting activities,
The construction industry sector 7 does not produce BOD 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 $1,000 increase in income of the various sectors. Again, using
sector 8 as an example, a $1,000 increase in income in the Food Processing
industry will cause a contribution of .257 (MGY) of waste water, .007 tons of
nitrogen, .014 tons of BOD, .024 tons of suspended solids, .012 tons of settle-
able solids. .006 tons of oil and grease, .005 tons of nitrogen cxide, .040 tons
of sulfur oxide, .004 tons of carbon monoxide, .011 tens of particulates, 001
tons of hydrocarbons, and 1.653 tons of solid waste.

Looking at this from another point, the limitation in environmental
pollution by the gquantities 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 off" between the economy and the environment.

Table 4 gives the self 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 1,
it is .075 tens. Therefore,

100 )
075 = 1,329,



24

S10R8% 2gE2RT T TEeIET. TAERLO ER29s0. agzlace SLtePiewY 1063300 oyiac0e AlsYm G1Te80¢
290100+ 220100 GEYEOO. 200010, 93000 #LpL00Q0 645000 FeeTi0s 214111 SNOGHYIOHUAH §2
Qi 4000 4g2000» u0000, S1LL00. £90000+ Tg1000° €£3000. Og1000. 211000 SIOAHIA Y+ gz
28900 2t1ghio L9L800. S4€810. CAELO0. 293996 L5590 290410, G0S500. S3LYINILluvez
L1E400 tc0e00s 216920 sELwz0s 245100 £EgeT0 $99900. SEIL30. L3030 XONGH NOSUYI » 92
OLep90e 142040 42010 OagErT: SL1400s LOg630 E4RE30 £EQZ00. cR9£00" ZQI%R undINeegz
040420+ 634500° SSEFO0. 651200, REQOOO. (45001 L6LT00: *£82100. £%4y00" OXO NIDGHLINS 42
T00000+ 100000 100000 200000+ 100000 SO000C* £O0000 100000+ 180000 NDQHYD DWR*¢3
000000 000000 1e0000. 00al00. 004000 060000 000000 LT oo00D0" 210NIHd* 22
192000 Se0%00 229000, Oud000. §41080. {64000+ ¥21100. 650000 290000 ZEYIED ¥ ee32
000001 LEEL10 800000, S00000. 052006 #50000¢ 020200. 200000 £0000D0 S0I7¢E 1135702
E40L00¢ 221e20 G650 1250909 £32000 Tegiol? TES400. 581000+ 163000 $AI7g8 SN8*gt
9100004 0106000+ L00000. 20000, 200000 90000 *30000« 210000+ 0310000° a@d gy
YT BLE I TIA LR £EIAT00. 216000, go4000 . E1OLOGH $09200+ 023000 291900+ ag9-z1
000000+ 0po000+ 000000 co000d+ coo0nQs coo000* Q00000 000000 800000¢ 41783 wddde et
000000 000000 000000 000000 000000 200000* 000GaN 000004 020000 avItegt
000000+ 000000 300000+ 100000 000000+ 080000+ 000000+ 000000+ t90000° TINIIN &1
000000+ ooeoo0: 300000+ LLI LLY €a0000. 6660007 ¢00000 050000+ B0%000* HI4d0I £
100000+ 100000+ s00000. COCD0D. coo000s 080000 100000 900000 £00000" HANIWATIY e 31
61000 000000 " 1000004 060000, 000000 LLLLL LA 000000 000000 000000 WNTHOUNI* 1T
100400 1000001 ¥00000+ 00000 100000+ SH0000* 100000+ 100000+ z00an0 : NONI'O3
000000 tao0g0. 200000+ 100000 Q0000086 000000 * 000000 000000 toos00" HATWAYD e g
2530000 gooto0:" 100000+« 000000 agua80. onadoo" Q0000 QgooJIo *»D0000D" ANIZvg
Doc0a0" 000000* 000000 000030 000000 10000C" 000000 ecoo00:. 500000* SIVLAN AAYIHIZ
190000 TO0000" 200000+ €000 cooon 00000C ¢ 300000 0000600 230000+ ILYHJBAHA S
200000 400000 £00000. 00000, £00000, #20000> 00000+ SC0000 *00000+ ACTIHON1deg
000000 000000+ 0000009 060000+ 00000 080001 000000 00L220 80000 EIOIAMB 4
224000 665900 022000, 61000, 163008 ££200C F42100, 0c0a0G, REF000" NIDOMLINGg
L40B00s 221000 oy000d. 210030. +G0000+ gpov00" 220000 200000 «00000* ININDTHD
ROt oh.uw«. eoiggo. .daqwn. 8§25¢ 00 fL6STE" REETSO. nn“uwo. ELEITY HILYM 3LG¥HMsy
(3 Z % 4 £ ]

L0161 "ROIDIY WLSYDD IddIS5155IM
(WOINT N1 JONYHD GOO*LS W3d JONWHD "v INIWNGG IAN3)
{SWOL} XIBivie JONIONI4FONIENT FWODKI-TYLINIWNDE 1SN | Jdal

£ 379vl




25

BLLAE0,
0gago0:,
EQLIO0.
yORE10+
e300
tesil:s
146400
300000
0H0800
t93600.
B100600s
*¥6£000.
¥10000
L&Q000,
Q00D00
Op0000
00B000.
J00H00
200000,
000R00
100000,
000000
00000
000000
100000
00000
0Q0H o0
1 L0000
LC0000
495110,

[ )2

£12908+
SeaZod.
093000
g90@002
901120
T LT
xop32d
£00000"
000000
94000
2e0000
d90200+
ego000y
20300
opoools
00000+
200000+
100000
£00000¢
aoodod-
300000+
200000+
zaooot.
100000
hooooa-
£t0000»
200000
422000+
210000
Zogtede

Ly

Oosgeids
LEs000.
T40000
Y3100,
teie00.
E90L00s
LT1111. 1
000000
QO0000
390000
100000,
tavood.
#00000.
EGEDOD
0200001
000000
100000
00000~
200000
100000
200000 .
100000,
910000«
Q00300+
200000
$00000.
000000 -
94C0G0.
£10000«
EOvoule
st

20TRTT.2
‘thOOu
TLEODD.
S286T0.
Catsi0.
9E4EED.
£02900.
100000,
00000
SL0800.
940000,
co9200.
£10000,
05000,
080000
6aG0040»
Y0000,
SEOOD0
ESECOD .
130020
T41000.
€£0000.
240000
0aQ000
GEEDD0.
SO0000.
Qoo030.
2000,
#402300.
1Y 174D
-1

SLELTE
THLECOs
89000
g0EL9t
¥25910
29040,
I6L6T0
200000
00000OC
gEtz0d.
900000+
T£9R60»
0g0000G
SLty00.
o000Q60e.
000000
000000
000Co0.
2000040
00000
240000«
000000 .
cocoan.
oo00ecC
200000
400000
000000
€2T002.
600080
YOE*EH

»

rgcRy
LEELOC
2¢e00C0
14g600:
GOgEIC”
veceale
Ev 0050+
924000
«B000C"
21000
w10000
Lokl
sE1600°
REYEOCs
nnoogce
opnoooce
noeuoc e
napoboct
Ton0oge
&5000C*
cp900Qs
rooCO0Y
npooQo
ogpo00*
10000404
OagkO0*
g20000C"
bagdol:
co00QCe
265vRle
el

95 EET
SLBLIT
EEI000 .
FUYE00D
L2810
tp1g20.
22€100.
100000
Q0L000
296000,
400000,
23100,
#10000:
EVGTIO0.
000000
0Q0000
000000
000000
300000
Q00000 .
100000
000000«
Co0n00.
CO0Ro0
300000«
930000
000000
53000
010000
s09220.
21

SRCINE,
944300
2000
L {2710
YL
TS2240.
024400
200000
100000
£27000,
400000
909400
920000
2990,
000000
008000
00C0o00
QCpago:r
100000
Q0Qu00 .
200ndgs
0Do000.
000000
00000
100000 .
DEODC0.
000000
£95000.
500000
5282
L3

QiEgore
Devi100e
OEtO00
111430
C¥SE0N0*
BEZetOe
28¥200+
100000
230000°
¥Te300r
#00000»
00250
g00B00.
LLBLO0
020000
300000°
80000
po0000¢
100000+
330000+
100000
AO00O0*
200000
00000+
100000+
£00000
20000G"*
992200+
220000+
LI4 LT
at

3iavm AQIG80c
ENDGYYIOMQAH §2
$30AHIQ ¥ g2
SIALYINIT LMY 22
XGNGW NDBWYIs 92
201%e wNdINS g2
(X0 NADOWLIN+ 42
NGUNYD BHR g2
i $ONTHE ¢ 32
IgYIHD ¥ et
SAITNE LlAe02
Sarvpa SNe+gy
00 *gt
aed~; 1
hd1700 I¥J3d'vi
avivegt
TINIIN*4Y
B3ddRI'ET
HANIHNTY 3T
WNIWSHHD* 1Y
NBNIrQOT
HATHAOY D+ g
INLIZrg
SAVIIW AAVIH®{
3ivudBoHd e
331404 g
833148y
NIDOMLIN'g
INTHRTHI 2
HILITYM FLREVAY

T1INOD) £ 378YL



26

G220 e 2s6t0er “2rin0» 099w0. Opnsls Dpoeile LS8Ny BLE0L0s 1371711 ’
819100 Zepiod EPALDO. £4L100. SeyEDNQ- veteLlsT QL¥LOO0 28490, 229¢00 mmwmuuom““nu.mm
20000+« w0000 290000+ 29G000s £90000« £20000: *L0000¢ tvE800. RRLI00. $I0ANIU IV g2
taEgoos Geg2al. (1% 1.1. 1 00GEDD SETEQO. RENELT? S49200. 625002+ exi2nor SI1¥YINIT LAY 22
YLEL00 0gtL00s 73330 Sez110. E¥5920. SEARLE 6995320, 269500, *8T1200 XONOH NOBNYIe g2
TR D 2L6vgR" GLTea00 s5E2200 139520 Tkt Ce2530. §Cquttep RYdyT0e IQIX@ yndINesg2
259000, Te90004 #1100 06000, E0ETC0. FI3 1Y 3 LELTO0. S0£100. §GEgDO . (XD NIDDWLIN+42
100000 T00000¢ 100000 0a0000. caQoeas nopbocH 000000 o00R00. 100000+ NQBNYD BY9 g2
000000 000000 LU Q00000 000000+ opeooc* 000000 300000 0d0a00* BIGNANd* 2}
108000+ $ge000. ¥34800, T42000. FYED00. £agt00 SHATNO. S92000. 9ET0A0+ 38Y3N0 ¥ Yo7
101000 207000 £00000. GO0D00. yg0OOCO0 s e0000 ESO000. *00000 $30000¢ $QTID8 LiAE+02
2EWL00. 665100+ FE2100 g91100. 6E400C. opte0C? Te8E00. V66100 ¥5(000+ 54175 SNA g1
130000+ 110000+ +10000+ 400000+ 400000+ 96000C 900000« S00000. vL3080 003yt
S39100. 9100 t90100. 904000 0zZ000 wegE00 949£00. 249000, (312511 1 (T-1 TR
¢0o000» 000000« 000000 000000, Q0aa00 DHOCAC 000000« 000000 00000 R41709 “¥S3deey
000000 000000 000000+ 060000 000000 Doocoe . 000000, 000000 800000+ avitigt
oocBo0. tooao0 000000+ 000000 ¢o0000 DaoooC* 000000+ UL 260000 * TINIINC ¥
000006 obo0od* 0000060+ o000 000000 000800 * 000000 oopodos 400000 y3ddRI e
000008 vo0000: 100000+ 300000 LU oancoce 000000+ 1000004 100000 HANIHNTY+ 31
000000+ 0ao000" 100000+ Coo000 100000 bo6l0c* 00000« 000000 600000 WA THONHI* ¢t
100000 100000 100000 FO0000. LD 1op0oc 300000« 100000 100000 NGHI*OT
000000+ oocoal® 000000 000000+ 000080 nHo0oc" Q00000 000000 300000 HAIWAYI~g
Q00000+ 000000" 100080, LT3 108000 npobot: 000000+ 000000 40004804 INIZg
000000 oooaa0® 0000G0 dQ0000. couooq. ngotoc 000000 LT o00000° SIVLIW AAYIHY
ooo000* LT LI 100000 100000+ opooacs opocoe* 000000 100000+ 180000 FLYHIIOHE ' Y
*00000 *00000ar S00000D+ 300000 apooeq:s 200000° 200000+ 200000« 500000+ 0T8N Vdeg
000000 ooobod. 000000 Qouco0. 000000 coo0ec* 0O0000 00CA20 a0o000" £30T N8+
292000+ s0e000 L32000¢ 201000, 291000 20p00C * C4L000 £51000= 911000+ NIBQUHLIN g
220600 R1oQ00» *10000. $00000, LEATDLLE [T-1.3.0.14) 0S0000. 9000004 00000« INTHOIHI 3
Y6410, cevc1lr (731231-1 e &00. §0ZE00D ccovgle FOTZN0. YER2T0. 2IERL0- PILYN JLBYMeY
12 [T -1 vid £ 22 | 2] o2 Kt

{iN0D) € 378wL




27

{IN0D) £ 799!l

929093
92100
OELDGR.
69.g00.
L24 400+
SELTED.
2¥g000
000080,
000000
2820000
*20000¢
LEELOQ.
#0000
L09000
000000
0oopdae
000000
000000
100000+
cOGO00.
100000
000000
000500
LY LI
100000+
£00000.
300000
CEIG00.
200000
E9g&00

&2

sripele
ZEvZ0O0
s20n00*
cGezo0"
#ELTT0"
yo2ted:
t6000"
os0000¢
n00000"
400"
g00000"
esvEno
#00D00*
aRZsn0r
ao0nadt
a00000"
p00sa0!"
adodod*
ao00000"
A20800°
s]e 10 2. 1o A
200000
n00000
200000
p30000
adopon:
al0o0o"
958100
£2t000"
(4141 1M

T

3ls¥m 4lpe+oe
ENOTUYIONAAHgR
S30AM3IAIV g2
SRAYINDILINYE+ 42
XONGH NOBMYI*92
2QI¥p ynansegz
CXP NIDOHLIN®#2
NCENY) DHQeg2
81ONIHd 32
3cvy3nD ¥ Igrt2
80108 i1318'0Q2
SaINps BNS*4t
0da 'yt
oed ¢t
(Dl Rl sk FEL )
arair gt
TINIINCT
NAddBI*EL
HANIWNAY ¢ 3L
WNINBUHHI*ST
NQHI'QY
HNIWQ¥J' g
INIZ'»
€AYLIIN AAYIHYZ
ALlYHdBOHd
cleenNdg
83014 MBr
N3IBOMLIN'E
ININRIHI* 2
H31ve JLEYNrY




28

FLFAL 173 CagOlS I 168094 +5E S03GESGY sddseeaed s08092005¢%.1 Y L Y I R Py RT
SEBPTEsg LEEI9L'S (Tr1r ¢ryzuielst 24800 dd e 8 RaResRsRerinstiny
S22l SE6Te? T Lddd i LIL I IFE TIT4 0 (FYTITIYY, CAEAEP ARSI IS0y
Te6829+1 tetikvsg FESRRRRIPRI g Ll 1430928000080 g4110Y 022evtst
¥81 1 FX¥ 1! T4 2 T ¥ er2P34000828-¢
LETReG Y Eoolgéet
210850y #2e92E°1
FE0E00NEs22080 03 000vitartitenonsinidasrs Ry

S0S00CEIS 0008000000000 iy
Qveiedet

GELERIZSIRINAORISCUSePsagadOivtisssen ity
L A A A R TR I Y Ry T Y Y FREEIPad it ssitostadtigting

PREGRIN R0 200000 RN SR ANL SR RIS ;‘ua‘.¢s...-.-n‘nn".‘sq..-.q“u-.w.-u..‘u‘.‘uq‘..‘uut‘ma-‘-uy avEde
TO880OR RS IREREZT Y eI eseivine u-u‘a‘.ouu-u.nu‘-n“-n..sstu.uc-s-u‘.‘-;nu‘-‘-so‘ﬁuu.w- (2T TP TTY)
0N RICE0959960S g T Y YN Y PPYIYLL| swo‘s-n.‘.-u-u-.u‘u.q“nuwnu“.-u“na‘n aAdded sy
(1T F¥3 X} Tegwstet og09gs 2 308D CROROANRIRSUARNOS TSNS N oIt 00N I It IRt tnbsitat2 [EIYYYYY )
148888030 5000000t onipissesndonintsey -..n-“-.a..-n‘¢n‘-.-u‘n-‘.-.‘.“‘»u-s.“usn-.‘-‘uu¢‘-unuu‘-n“nn
LtolgEE3 FETT TR 20 .-uﬁu‘.-“.ng-n.uu.».‘u.u.¢¢.n-..-‘n.u¢-.n.-n-un-uc;u¢nuu‘nnnan--u..a.-u.u [XIIY]
o000 00oRo0" oalDa0. coQeag co0nag. naoQoct 300000+ CoO000 300000

Fiddaodingéceiadistasastisge u.n-;.-‘qsu‘n..“huu‘uqq-u-‘q-un‘u-u‘.-utunw‘u
I P L E P Y P R P Y Py PILTY (IS T T ] Lt d A T I T T P PP P e Y PP PIT ) sedtasfvandgiigy
» PEadiasaasettociisinssssenid (AT R FFYT YT SPPIIBEIACII IR IR IRI RO IResSURELS fhuddrndigdiin
b dtadaddd s LiLLILENIT T DI TPEYTTT FYPFITY Y PLPY P Ppree] GEI20R 00000 inadbsaeoIedIeitdseotsarsdsantsattgiien
L9T420sy eapsstansivtsseviiasy $E0008s0davavtasnsntesangind n-‘-.nutcuh‘u‘nuuu;u*;.‘u‘n-u‘oojtﬁcg ’
i adid LI T I T L A P P Y P Y PP P PP r VP tesdtdadidne PERIOUsrVIasdsstanntssisrtitasisningter
# Sbbitdididd LI I F T TYFT PYE PY PY I F T P

SEIRRVAaREpsv s toiv it diasisany

Py22001 SRSV panstit TEINSR0R0EA0R R0 PVEOON PRIV a0 R0tV Ity
0004293080000 30 0% 00 RS0 000000 000sistaasrits (1] [T YRR T] SeivtIcasirinyg RSN IPENSRENI eI sbIgsttgt iy
PRANSVIpees WEsEENERRECRRROSIIRR Addgpigaveitsntep BECEESPRaRERanaitstosnrbpdsig
QI IITITTTIrY] VeI CsSRaI bR totiindstige ¢s.conau¢.n..nt.uu.-n‘.u.ohuttcuul¢nn.n.-.¢-ssnu.n‘.‘uw‘uc-

19888008090 PRESHERVEPORIEINIs RN N s RO Nyy
tepeng INEPEREECeir v e tiasnieetotsiy
" bt s L i L P T T PT I Y VPP YT PR

PICRR R0 esndon i s RV R000000a0tistnasnetedsse
i1 R4-1:F 28 3 ZIIR0Y Y (LI YT P PPrYY)
SILR02+y { FAZ{ 2] FECERVESIIIP ORI 00800200
131223204 s2g2Ey E208940¢ ETLE¥OT POPRERSRPRRITLHIND Y e

[ 4 2 £ 3 % . € 2 ]

CEFERCIRIOIRERIRRIa RPNt

3lsYn alnome0g
SNESNYIONGAH g2
SAGANAANY.02
SILYINILL¥de 2
XOMNON NQBNYD 92
I0I¥e MndINBegeE
CX0 NIPOMLIN® 42
NSQHYD DHO*gE
BIENInd 22
3S¥349 ¢ Iavw?
S50ITpR 113802
5017798 B8NS+t
qa2+31
q@gezT
31782 T¥334+91
ar3egt
TANIIN & T
H3ddDI gl
WANTWAIY e 21
RTWQYHMI* 1Y
NONYI+*nt
WAIWGYI ' g
INIZvy
ETVLIIW AAYIH
3L¥HIBRMd 9
ELET-DhR RS
$3014MNB* 4
NIpEMliIMNtg
ANTHR M2
HIALYN I VMg

LE61 "NOTTIE TWLSY0S IddISSISSiM
(SHOL) SUIATTAELINK 473S TWINIINGETAND ! Taa.

v 358wl




29

QEAR0 sg93i6+y ({1787 I} C4£090.3 AT TIT 1 R0] 0eEaY-3 13Y 14 X34 [ 1111 204
ceclsert [P 2T4 LY 1 187 3gsTl g1 s16EEETT 2;68 441 eige0+1 2i650T10t sl sE*02
20Q4RT+L 990491+ deePeCTetat 31 E£00Qee2 £40%€T L V8008000096025 T LT T O
LEECTN Y E0495912 0508008910504 E9SENOT cazlséry PR EP IRt 49E 090G (CESIL Y
£6TEPV T sV et g 903168 E£ZEW0LvmD (RETES*ENT  FORAOFPRPARIR04TY0I0T  ged0gO gET
200908088020 Rc205 "2 (AL FLTIT Lgviodsg 2aYNEL2 Tagblge2 CELEET g2 EeOLOE«n i60tgert
2194ETT ¥ 0us0r} A YIT IR G24RET+T 40401 FROPPEPRIRIF RG50S oRbeiR*s

000800000 RRascitanp
S0 0SINR AP0 SR04 N)

sE9e120(001Y
PERany1E01 Y

it aPisispabdpnosstaigadry

Tpziiiey THARES LT TESLIENT P TITIE fogETel CESOSERAPRICHIRARIIEIS020TDDT L
SPSAR ISPV SR PUIC I 0020500080083 00 0 V002080 R0 alf R EEE000REPRIRIPREIECSRE0RUSIREIEPERINREES

(147 TR T G2aleig 2CEP0K2 EcEFEI L 599930.1 vzgletel [(FIT Y ETTEFTLIFET11-N84 catgatey
(3] PeP20sR et st as i pUnIst et ato iR trieostoavRisosddvtes12GLi00T FEREERREPRURFS0R 0P Rurss bR b Istig i t)

DgEgES e Re20eRy yelgenst BSEEZV T2 10Tcatlel FY-TI-A 0N SEPIEEPRPRAR [T pelnt w0221t
900000 coo0oQ. o000 » [ Ji]Jedele 1) 0000400 nopogot 000000 CO0000 . elededul JeRg
0LgZIEQ L DORSSAIERSae RIS eRal AR ARE At RN Enan i i o0 g IO iR s etV gesfasiitsltiatogtgng
[ I TSR TE41: 101 e FERRR IR i R R nbininRirgd IR ETY)

GIPEE60008088P8044L {040
ntn‘ltttﬁtttuu‘n“U..‘G-Qutntinnmto. 1 3
IR L AN ¥e1090.3 BEEEYOT
PRSIV EA RPN NgO20T G 2408 ARSE IR0 T
POROROO e F 0PRSS IR aNA 0020 I0 L2400

I R R L R E R R T I T T PP Yy Y Y TP YT FYRrY]
LEASRIREEEPEngUd I TN ISV OR RS AORRAIRERabRRARAER
S#PRASERERBAGOLITO T FEEPRIREPRICI IR DN bEL It
st ssIgLotry 1200308900 a0ttncdidatiastsnitgiyg
FAEFROGHON20Y CRPRRE RSP IR IR b o0t ds IR

PEIRPAPEN IR y9ETY2 LF11-1 i8S Fyriii-rad CEIRR IS aV U IR0 RP R R IRIIEGRR RS0 i b0ai0gd
T N P Yy Y P Y TR e YA T Y] $229PR1254i00"1 PEAAORRROSENDEORI AV It RRaRt R
tedeeergiy opdetovsditnscilgErE b9s2x0.t CARPRang sl AU sV SRR OBt 0y

820200000 N R TR SRR ORSRASEI R0 RQREII SIS MRS 25L00 Y

SES0OCSEPRIRCIROSDEACE bR IRSR Ry

"t ‘Q“‘b.wﬁungc“u.u-‘uuﬂtthncsotoctlnu..ﬂwss‘unnu-u‘un¢.un~nnoo.u A0S Pcad st ddpedgiadnidrabdpanipd s
590g3iT ey 96.4%0E FOPRIBSSIRIIRENLLL WIRNAse S0 RpRCRETAOL SHRLOINRBRRRLIRFRRORSIOEEDNYNT T
*4696% ¢ TEEwav Ly EE9032.1 L4tOEE T GEQHEI 9 CEVIVRIRINI SRR RORIP ROV NI a PRt deR It N
s0eeEg 0t 2GLEVLE £2S1T0.1 coesei vt YuTGED S 20023¢C+1 L1 TYRYI CSH2ED L 26isalrty

8t Lt (1} gl 1 £1 2t Tt at

JLEYM 21709+0F
ENDBNYIRUGAN' g2
SIOAHIAIV e g2
CALYINAY LUV ;2
XGNGW NQANYIr92
ZQIvG ¥NdNE+52
CXQ NIDQMLIIN+ 42
NOGNYD BBz
SONIHG 22
I8¥ayd ¥ 10+t
s017cs 113802
5a1708 SHE-&%
aedegt
Azt
F4ITED 1¥3449T
ar3t+gt
TIAIINI 4T
H3dd@2 e}
WANIHNYeZY
WRIKDHHI*TY
NGNI-OT
HATHAYD* g
INLIg
SAYLIAN AAYIH g
3iYHdS50Hd Y
AgrdeNsg
836148
MIOGHLINp
AINTHSTIHI 2
H3ILYM J1OVM-3

(INOJ) ¥ 38vi



O¢q0gidr1 v 3ot SLE98.g CLTYXY 17 5 CEARRLvE &£39500.¢ LT3 2F Telteleyt
sapigerats aco‘.n‘-¢nou-.qsn-...u.-.go-.--.-.nu-.-uhnoao.« (21 PR IIFENETROg (L ITTL)]
AR SEdARAnAdpsanddeibisow POISIIIIS2TEND eEioetey
CEPPaPrRdagO0E LR 24T #23000% s P#28,09041 a¥iitE*t
Jesdusedtsgpgg0Cet L iadlililad] TT 1Y va3t 00
L R LTI P R IS IY K FSVRPENEEREI Y0420t shtaasigigdy
SE08R0R IS ECARa0t0 RN ad00dttaistitdaqsis, PERSRRISSANRNRRNNY 0004 L FFY] CRPIPRLERLB T ¥R L

3i8¥M Q1708 +0¢
SNRBNYIRNQAN Y63

SITANIGIV g2
S3LYINILiuvde L2
XONOK NRPBYUY)*+ g2
F0I¥D §nAINBe g2
CXQ NIDONLIN-42

VRRBAESSIRBERIGIN AP S 4GS 2008042008000 28000EsRusns SO0 RANRIESIIRIRNRPPRIRRIRA Rt NOENYY BNOegd
SRSPPRPRSNQARe s ISP ISR R adssidnists esttartagad PESEFRRANNt IS AR08 8RR RS0y F ] BIONIHe* 22
LERPERT 5tobRs+ 1 Fal ¥E LIV SESVR2 2T sopuare2 clafg? 1 SZ2g92.t YTgLiE02 I {1 T4 LY) 3gvayn ¥ I0s.t2
‘nuson‘n.‘ts..bo‘.u‘.uun‘.‘ahssnucum.“‘.‘.uh..uu-.‘h."ttann.‘chnnu-ucay¢“n‘-n‘uwu..uwosﬁcunuuuuu-‘.c.u.- 54170 il38+02
(2T FLTTR ¥g60gheg £Esige+3 E£3Zv80:45 coeZatsg OgoE2E*Y LOT24E-t Elgaideg E¥LIOE"TY 5C1708 SNSET
PRPERROR000R40R 00040000 0000030000000 8884082080000 Ra0iReagatdtinitsptens L e Y Y Y Y ITIT] Gl gt
20970941 771423401 FAlT33%F 6L83SH+E2 Tag9Z4e2 Zeele2et L9GELRT EETTTT T ST 13- ¥ 1)) aoe- 1t
200800 gapoo0 DO0GAs 000000 000040 600000" 000000 000Q00 adeao0" w2170 1v34%eq
440V RaRedsasatetssitny SREPBOERO 000l Radget SRt It Rt eispgtnitis ETIAL RIS TR P YRY Y] Qvagt
skt qﬁ‘u.sutuunb“s‘n“c‘.n-ca-suniu-‘o.“‘n- sbisds sRERRE LS MANIIN 4T

fsdsdpdigan .n-.-u‘uu‘n‘ﬁ‘unooannn.u f ] FTIFENFFY) W3ddBIegT

YT IrYTY ] SETRRRESERR PR AERteatssiRis e HANTWAIYe 2T
d8diagitinng VHEAREVIGss it oo b dgnttivy HRrIHRHHD* Tt

FE000280400 00 estdngeNid PIRSPARIPRIROIRERG LT 0 possadigt iy NOHI1O%

SEFfPadsidddesitne .q-nqﬁ&.h.ﬂttﬁ.oﬁ.-‘.ow“.-s-su‘uob‘h‘-o-u ANTWOYJsg

FIOFIRVIEI IR0 00000000 0F0Es00itsbbpal INIZ+g

SIYLIW AAYIH*2

FYFETYITIT] PRSI RRIRISLINE RO Fars R aR g arevy TIVYHdBEHdE "I

s08a00d stane VPSR NISESI0IIResvibatttaltgasdy e T T R P AL

CLOASSOPISOREACONI RN eId st stgt it aritddidnit bddaddd Ll I Ty P P Py T YU FE D) SIQTA NG &

Tgcheyy L29i4t-} tziant 2 GL29vEB e 42 SECHOgZ TeseEl TYTEOET SHIPOPRARSRRGLLN2 Yy NIDGELINE

g5qelysey CICLNS T Zetig03 F49310:82 teeStE 2 Teldaz*t 2e¥2923 P242004g¢ a0E298 e INTHOTHI = 2

11} FFRY} 2tae20+2 2298402 CTRNLR 08  ¢E00gp ¢ veglsET CEvlyErt FEe eI L TEkg22*12 HILYHE JLE¥HeL

L2 L - L1 (] 2 L oz (14

FINDDY v 3TEYL




K31

{1ND2} v 17Gwdl

*E9TNTA02 gEvLl5°2

" rtadbisiogsiy
Sentpsitgesiy
se00aitseitygrsiy
EESRPRSRINEIIIY

sRdionseasisines
Sosbgbtnsndptsty
ORI RitatRetigisis
PI2a4E et (S 11T 140
CEeebPsonstradtiaddsting
22ygRE«0E dtZavoe
fooedipaicivare (I FTYFY]
BVLERG ¢t ¥Orgel*y
CoonuQ a0000Q"
SEUEPiRa it gRsat g ey
(TEYYITITYIIT
fegiigassen)
PEREPOPIRS PRSP RLS
LA I I Y TRy Ty
tigeddpanrtesrs
1900080000800 02

Sdgadtponaiy
SFRBERNIIR,
tiendsaini

LSEE9E+8}  200ge01

L2904 «qT  o9iQR0sy

EELGRG 2 fr9zake
62 ne

1L5YM 017080
ENDOHYIDUQAH 423
S30AHICIVe g2
SILYINILLYYA L2
X*ONOW NOEMYI 92
301X0 HAANG g2
0X0 NIDONLIN*#Z
NOGHYD) BiQ g
80N3HL 22
ISYIND ¥ 119012
SAI08 1L38+p2
SOIYpR eNE+g1
QeI gt
Q921
WAITGT T¥IT4e et
avaiegt
FINIIN T
¥3ddedegt
HOAKIWNIY= 21
WNIHONHI 1T
NONIsOT
WRINGYDs g
INIZvy
STAYLAN AAVIH:
JLYHISOHdYe
g14end g
830148y
NIDGNLIN'g
INTHOIHI»3
NILYN JLBYAsY




32

The values presented in the table are not exact due to “vrounding-off" of
numbers by the computer. If an entry in Tabie 1 has a zero value, the result
in Table 4 is presented by zero also. [If on the other hand an entry in Table 1
is zero and its corresponding entry in Table 2 is a positive number, no compara-
tive ratic 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
particutar pollutant compared to the supporting industries.

The discussion of the various multipliers so far is for Type I. As
was explained in Section 11, Type I multipliers are computed by accounting only
for the processing sectors. For the Ceastal Region of Mississippi, they are
composed of 29 sectors. When allowance is made for the Household sector in
computing the various muttipliers, 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 multipliers
of Type II to be larger than those of Type I.

The computer programming for calculating Tables 1 through 7 was obtained
through an adoption of a program by Blaylock and Jones [3]. The program is
written as a divect application of the theoretical exposition given Section ILI.

Tables 8 and 9 present the information 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. 1In hoth situations, the ranking

is for Type Il multipliers 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 followed
by a contribution of .000059 tons by Sector 8, the Food Processing sector, for
every $1,000 of its induced sales. On 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 environment in the Coastal Region of Mississippi. In
this section, some examples either factual or hypothetical will be presented.
The examples given are by no means exhaustive. However, they will display
the appropriate techniques and computational procedures necessary to adopt
the results contained in Section III:

Topics to be discussed are:

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

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

3. Environmental requirements due to attracting new
industries,

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.

A. Self-Sufficiency

[f the Coastal Region desires to be self-sufficient in a particular
industry, it means that al) imports of the product of that industry would be
replaced by local production. Ffor instance, assume that self-sufficiency is
desired in the Food Processing (Sector 8), Lumber and Wood (Sector 10),
Chemical/Petroteum (Sector 13) and the Primary/Fabricated Metals (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.
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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/Petroieum and Primary/Fabri-
cated Metals, respectively. On the other hand the magnitudes of suspended
solids are approximately 383 tons, 20 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 11 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 4051 (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 coefficients of Table 5. This table as was expiained earlier accounts
far the inclusion of the Household sector as an integral member of the economic
activity 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 multiplying the amounts of inputs in the Transaction Matrix of
the Input-Output model in Appendix A by the coefficients given in Table 5.

B. Expansion of Exports

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



TABLE 10

DIRECT ENVIRONMENTAL IMPACT OF QUTPUT REQUIRED
FOR SELF-SUFFICIENCY
MISSISSIPPI COASTAL REGION
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Environmental Food Lumber Chemical Prim-FAB
Factors Processing Wood Petroleum Metal
Waste Water 3049.632 90.882 6555.004 663,894
Chlorine 1.778 .352
Nitrogen 99,404 3.790 78.403 8.176

Sulfides 6,668

Flouride

Phosphate

Heavy Metals

Zine .403
Cadmium .323 .679
Iron 23.661 1.333
Chromium .323 .2a1
Aluminum 3.271
Copper . 352
Nickel .780
Lead

Fecal Coliform

BOD 189. 392 12.052 117.228 .025
CoD 338.887

Suspended Solids 382.719 19.888 309.096 15.673
Settleable Solids 171.290

0i1 & Grease 84.736 2.254 59.367 7.724
Phenols .046 .108

Organic Carbon 26.887

Nitrogen Oxide 64.774 Z2.451 1795.746 35.272
Sulfer Oxide 327.911 15.883 814.684 35.372
Carbon Monoxide 2.788 .133 3.872 . 327
Particulates 32.367 196.427 42.052 136.532
Aldehydes 2.788 .133 3.872 .327
Hydrocarbons 2.788 133 194.018 .327
Solid Waste 17218.778 1001.085 8731.581 19595.415




TABLE 11

DIRECT AND INCGIRECT ENVIRONMENTAL IMPACT QF INCREASED QUTPUT

FOR SELF-SUFFICIENCY TYPE I - SELECTED SECTORS
MISSISSIPPL COASTAL REGION

Environmental Food Lumber Chemical Prim-FAB
Factors Processing Wood Petroieum Metal
Waste Water 4051.468 105.161 6895,289 773.609
Chlorine 2.020 .005 .215 .4728
Nitrogen 110.112 4.193 82.167 9.636
Sulfides
Flouride
Phosphate
Heavy Metals £.668
Zinc .403
Cadmi um .323 .708
Iron 23.876 1.384
Chromium .323 201
Aluminum 3.522
Copper .377
Nickel .830
Lead
Fecal Coliform
BOD 214.849 13.465 135.942 5.585
cop 162 .014 341.361 .126
Suspended Solids 379.593 22.334 351.685 25.535
Settleable Solids 187.816 .005 .538 .059
0i1 & Grease 95.767 2.615 67.111 10.541
Phenols .050 215
Grganic Carbon 27.102
Nitrogen Oxide 94.716 7.265 1952.982 885.562
Sulfer Oxide £633.193 30.033 2052.573 328.538
Carbon Moncxide 63.764 17.671 553.232 187.779
Particulates 177.997 221.244 280.860 192.056
Aldehydes 4,047 . 352 12.368 3.648
Hydro Carbens 16.163 2.665 274.035 27.246

Solid Waste 26009. 660 1125.786  10106.380  20781.791




INDUCED ENVIRONMENTAL IMPACT OF INCREASED OQUTPUT FOR

TABLE 12

SELF-SUFFICIENCY - TYPE I1 SELECTED SECTORS

MISSISSIPPI COASTAL REGION
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Environmental Food Lumber Chemical Prim-FAB
Factors Processing Wood Petroleum Metal
Waste Water 4362.609 141.750 7634.043 §71.350
Chiorine 2.384 . 046 1.075 .B54
Nitrogen 116.335 4,924 97.009 13.510

Sulfides

Flouride

Phosphate

Heavy Metals 6.668

Zinc .428
Cadmi um 323 .704
Iron .04ap 876 1.384
Chromium .323 .210
Aluminum .040 3,522
Copper .377
Nickel .830
Lead

Fecal Coliform

BOD 242.246 16.688 200.902 22.667
®)]1] .202 .018 341.468 151
Suspended Solids §32.779 40. 352 416 121.085
Settleabie Sclids 189,635 .219 4.840 1.182
0i1 & Grease 108,940 4.165 98.300 18.768
Phenols 050 .215

Organic Carbon 27.102

Nitrogen Oxide .871 22.567 2261.971 169.69]1
Sulfer Oxide 1262,997 104.090 3547.826 721.230
Carbon Monoxide 638.042 85.204 1916.631 545,878
Particulates 246.974 229,354 372.657 235.076
Aldehydes 6.102 521 15.810 4,554
Hydrocarbons 92.575 11.649 455,470 74.870
Solid Waste 31466.194 1767.480 22988.491 24184.084
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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 environmental impacts are calculated.

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.

€. Attraction of New Industries

The attraction of a new industry to a region 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-Qutput model
[10] Tablie 2, page 11, 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 calculated and are shown in Table 15. Similarly, if a new plant
in the Chemical-Petroleum sector wishes to Tocate 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-ecolegic trade~off-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 potential for botn industries is -

of a magnitude of a million do¥tars.



TABLE 13

INDUCED (TYPE II) ENVIRONMENTAL IMPACT IN A
10% EXPORT EXPANSION {(THOUSAHDS OF 1972 DGLLARS)
THE FOOD PROCESSING SECTOR
MISSISSIPPI COASTAL ZONE

Environmental Factors (Tons)
Naste Water (MGY) 796558. 39
Chlorine 435.30
Nitrogen 21241.26
Sulfides
Flouride
Phosphate
Heavy Metals
Zinc
Cadmium
Iron 7.38
Chromi um 516.46
Aluminum
Copper
Nickel
Lead
Fecal Coliform
ggg 11244.07
44,27

Suspended Solids 43611.36
Settleable Solids 309.88
1 & Grease 2825.77
Phenols
Organic Carbons 7.38
Nitrogen Oxide 171280.27
Sulfur Oxide

_ 268994.50
Carbon Monoxide 106073.50
Particulates 28471.70
Aldehy des 1387.06
Hydrocarbons 15353.62
Solid Waste 1376970.80
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TABLE 14

INPUTS REQUIRED FOR A MILLION DOLLAR NEW INDUSTRY
IN THE FOOD PROCESSING AND CHEMICAL-PETROLEUM SECTORS
MISSISSIPPI COASTAL REGION (THOUSANDS OF 1972 DOLLARS}

Sales To Sales To
Sectors Food Processing Chemicals-Petroleum
Fisheries 72470
Forestry 4170
Livestock 22390
Crops 11370 110
Ag. Forestry, Fish. Sry.
Mining 1430
Construction 4620 14470
Food Processing 83490 810
Apparel & Finished
Lumber & Wood 290 740
Paper and Allied 4840 4230
Printing & Publishing 1630 160
Chemicals & Petroleum 730 7230
Stone, Clay & Glass 5130 2120
Primary & Fab. Metals 1720 710
Transportation Equip. 20
Miscellaneous MFG. 1400 2770
Water Transportation 8830 16920
Other Trans. & Warehousing 6460 32750
Communication & Public Util. 13700 29030
Eating & Drinking Places 4110 2410
Service Stations 780
Wholesale & Retail Trade 31610 18530
Finance, Insur., Real Estate 9930 27110
Hotets, Motels & Lodging 1290 1180
Medical Services a0 150
Educational Services 100 170
Other Services 16480 1760
State & Local Gov't 1750 2370

Households 268980 268940
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V. EVALUATION OF THE MODEL

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 Jegislators to enact controls that would ensure the reduction
of waste or at least the transforming of waste to lesser harmful substances.

In order 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 lpadings. 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 follows 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
inguiries. 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 [11], present a systematic
approach for the economic-ecologic interactions in the Coastal Region of
Mississippi. A great deal of time and effort was spent in colliecting and
assimilating data from primary and secondary sources. However, in many

instances, 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 pollution
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 unavailability of the proper ecologic data in terms of the upper limits
of pollutants which the environment 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 axpansion of
economic activity in the region.

As environmental data become more available in the future, an updating
of the model might be desired. 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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