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Chapter |

INTRODUCTICN

The Coastal Zone Management'Problem in SoutH Carolina

South Carolina's numerous estuafies and inlets create a coastal
environment along 2,879 miles of tidal shoreline. Behind that shoreline
lie approximatefy 425,000 acres of salt marsh. Although, in most cases,
legal title to the salt marshes and estuaries is held by the State, these
areas have been traditionally utilized as a common property resource.

The tréditional users -- the commercial fishermen, sportsmen, shipping
interests -~ have known minor and sporadic conflicts, but until relatively
recently the competition for the use of estuarine resources lacked the
intensity needed to generate major conflicts. The grdwth of population
and industry in coastal areas, however, has spawned a whole set of poten-
tial uses for thé estuarine areas -- waste disposal, residénfial develop-
ment, intensive recreation, In conjunction with these new uses has come

a wave of controversy over legal title to estuarine property and very
intense pressure for state government to coﬁmit the publﬁcvestuarine‘
areas to long-range (and often irreversible) uses, |f the coastal areas
of South Carolina are to be healthy economiéal1y, as well as ecologically,
the productive services of these natural resources must be understood

and managed in a comprehensive manner so as to maximiie the benefits
received from their resources.

Within recent years, very real examples of conflicts over coastal
resources have surfaced in South Carolina. At Pawley's Island, a contro-
versy has boiled over digging of a channel in the marsh and filling of

marsh area for construction. Charleston harbor, perhaps the most valuable -



single natural resource in the State, continues-to shoal and require
regular dredging a;tivity. The marsh around Charleston harbor is
being filled not only with the spoil from this dredging, but also with
the solid waste generated by economic ;ctfvity in the area. The BASF
controversy in Beaufort County has stirred national interest over pos-
sible environmental damage due to industrial development on Port Royal
Sound. It is likely that similar conflicts will deyelop in the future
at an ever accelerating rate, and some system for adjudicating these
_;onflicts is badly needed.

Recognition of the need for a coastal zone management system is
apparent.at both the Federal and State levels, Legislation aimed at
dévélopment’of a national coastal zone policy has been introduced in
The 6ongress 17], pp. 22-2&;7. State.government in South Carolina has
also takén cognizance of growing coastal resource problems, and in 1968,
Gévefnor Robert McNair directed the establishment of a multi-agency task-
force to suggest alternati&e management policies for the estuarine and

tidal areas of the State / 13;7. (The taskforce submitted its report
in January 1970 / 21_7). Both the 1970 and 1971 sessions of the South
Carolina ngeral Assembly saw the introduction of legislation aimed
at‘settling some of the problems-associated with legal title to the
old rice-growing areas in the tidal marshes and the establishment of a
permit system for control of activities in the tidal zone. The.exact
nature of ;he legislation which will eventually be passed cannot be

fully antfﬁipated, but that some management system will eventually be

established is almost certain,
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Basically, there are three ways in which land-use and economic
activity in the coastal zone can be controlled, and the three are not
mutually exclusive. The simplest system might be based on permits. Any
person or firm desiring to use or change the form of estuarine resources
would be required to secure a permit before initiating action. To some
extent, such a permit system is already in effect due to the requirements
of the U, S, Army Corps of Enginéers. State government is currently
asked to review permit applications and provide comments to the Corps
before action is taken on these applications, and a system for Handlfng
this review is currently in operation in South Carolina 1f19, PpP. Q-Q;7.
But a permit system, alone, is essentially'an ad-hoc process. Unless
there is a comprehensive coastal zone management plan, each permit appli-
cation must be examined on its own merits individually and without regard
to the pattern of uses for which the coastal zone is suited. A second
tool for coastal zone management involves use of the taxing powers of
government. Since most coastal resources are common property they are
owned by all the people. It is legitimate, therefore, for government,
as representatives of the peop]e, to place user charges in the form of
taxes on all who wish to use these resources, The taxes on users of
coastal resources would vary in such a- way as to approximaté the damages
which society is likely to suffer froﬁ ajlowing each of the particular
uses which might be undertaken iflh, pp. 88-9q;7. A third approach is
the use of zoning regulations based on a comprehensive management plan
for the cpéstal area. Zoning would establish which activities are to
be allowed and where in the coastal zone., Since zoning pre-empés certain

activities from particular areas, however, there are opportunity costs
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associated with alternative zoning schemes; and these costs may be quite
significant, especially when viewed against the economic needs of small,
coestaJ communities. Rational use of any, or all, of these tools requires
careful economic analysis to determine both the benefits and costs asso-

ciated with various types of coastal developments.

Objectives of the Study

Although there is novcertalnty that zoning will be used as a coastal
zone management tool in South Carolina, it appears that some form of
land-use restrictions are likely to be applied to coastal areas. Aceord-
inély, thfs study was designed to achieve four objectives:

(1) To examine the role of estuarine resources in the economic
: development of.the South Carolina Coastal Plain. :

(2) To delineate suitable economic planning units for com-
prehensive estuarine management on the basis of present
concentrations of economic activities,

(3) To develop a generalized model as a method of analysis
of the local and regional economic impact, relative to
given public goals of resource development, of alter- :
native zoning plans in estuarine areas.

(4) To develop economic data for inclusion in the model to
evaluate the effect of alternative zoning patterns in a -
specific estuarine area,

The project was undertaken in four phases:

Phase | : tdentification and delineation of principal estuar-
: ine areas of South Carolina, classification of
users of estuarine resources, and delnneatlon of
suitable management Units or zones.

Phase 1l : Development of a computer model, based on input-
output procedures, for evaluation of various pat-
terns of coastal area economic activity.

Phase Ili: Application of the model to the critical ‘areas in
the coastal zone of South Carolina,

Phase IV : Refinement of the model and evaluation of some
specific economic alternatives.

LY
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Plan of the Study

This report -presents the results of activities in each of the four
phases of research outlined previously. The discussion in Chapter ||
will focﬁs on-results of Phase |, including examination of the historical
significance of estuarine resources in the South Carolina economy and
current land-use patterns. Alternative delineations of planning area
units in the South Carolina coastal zone will also be discussed in Chap=-
ter Il, and the areas where major conflicts seem most likely will be
noted. In Chapter |11, the basic planning model developed in this study
will be presented and discussed, Implementation of the model using
data from the Charleston and Beaufort areas will be achieved in Chapter
tV and the economic impacts of alternative uses of coastal resources

will be discussed.



Chapter 11

USES OF ESTUARINE RESOURCES IN SOUTH CAROLINA

Historical Background

‘The resources of the coastal zone have been critical to the economy
6f.§outhr£arolina since colonial times. Soon after founding of the
Colony, the.planters learned how to use ‘the rise and fall of tidewater
streams to flood and drain fields which could be planted-in rice.
Carolina rice achieved an international reputation for quality, and,
although 'there were-lean years, the rice culture made South Carolina one
of the most prosperous colonies in the old British empire 1?3, p. QQ;7.
The black, mucky landward of the line of salt water intrusion became
prime agricultural lands. A description of South Carolina printed in

London in 1761 noted that the coastal swamps and marshes were ''.,. the

«

source of infinite wealth,'' and were commonly called the '"Golden mines
of Carolina" lfh, pP. 263;7. In Georgetown County, alone, as many as *
46,000 acres of tidelands were diked and used in the cultivation of
rice 1—22, p. l6&:7.

Cultivation of the Piedmont after the invention of the cotton gin
in 1793, increased the silt loadings of coastal rivers and damaged the
rice culture l_lﬂ;7. The ravages of the War Between the States further
damaged rice agriculture, and by 1885, many of the old rice fields had
fallen into disuse. |In Georgetown County, the acreage of tidelands in
rice culture dropped to 10,000 and the average price of an acre of fresh-
water marsh in 1885 was reported at $2 to $5 1fﬁ, p. 168;7. The sale marshes

were considered of no value and many owners were reported to have allowed

"
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‘the State to confiscate them for taxes. Article | of the Amendments

to the State Constitution of South Cérdliha,'Wriiteh in 1895, requires

“the General Assembly to take measures for condemnation of all lands

necessary to drain'the'SWampé‘agd low lands in the State 1?6, P. 11;7

‘and in the Drainage District Act of 1911, the General Assembly declared

that, as a matter of policy, ... the reclamation of‘tidai marshes éha]L
be considered a public benefit ...."£f6, P. 52:7. |

The marshes were not the only coastal resource iﬁportant in the eco-
nomic history of South Carolina. The ports of Charleston, Beaufort and
Georgétowh have also played a vital role in South Carolina develoﬁﬁént
since colonial times. |In the 1730's, an average of more than 45,000
Barrels of rice were exported annually through Charlestion and more
than 1,700 barrefs annually throuéh the ports of Georgetown and.Beaufort
1724, P. 768;7. By the early'l770's, the volume of rice exﬁorts averaged
annua]ly almost 113,000 barrels at Charleston and more than 5,000 barrels
at Beaufort and Georgetown lfzh, P. 76[;7. But rice was not the only
commodity moving through South Carclina ports in colonial times. Indigo,
furs, tobéécé, pitch, tar and turpentine also were exported,and slaves,
irpﬁvaqd manufactured goods were impprted.r In 1774, immediately prior to
tﬁé ﬁevo]ution; mqre than 400 vessels called at Charleston, importing
29,933 téns.and exporting 31,548 tons of cargo 1724; P. 76q;7. By 1875,
cargo through the port of Char]esto; had increased to imports of more
thaq QSQfOQO tons and exports of more than 447,000 tons. In 1969, exports
at Charleston excéeded‘ 1,000,000 tons /26 7.

A third use Qf coastal:resources from colonial times has been a

habitat for commercial fish and shellfish. Lunz quotes the records of
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Mark Catesby, dating from 1722 to 1726,_r¢]atjye to the abundant harvest

of oysters bybinhabitants of the South‘Carolina coast 1f17,,p. 347. In

the years’after the War Between the States, the fisheries of Charleston
were considered thgvmogt important on the Atlantic Coast between Sandy

Hook and Key West. But the quantity of the fisheries landing in South
Carolina havg been rather constant in the,lgst one hundred vyears and South
Carofina has not kept pace with the exganding fisheries industry .in
neighboring states 17|7, p.'lq;7. The‘fishgries industry, therefore, has
been a residual user of coastal resources in South Carcolina, and quanti-
tatively, of little ;fgnificance_to the Statg's total economy 1710, Chapter

/.

Generalized Current Land Use Patterns

A survey of current resource use in the coastal zone of South Caro-

w

lina was undertaken in fhe summer of 1969; ‘The mosﬁ recéﬁt'sets of aerial
photographs available in the Soil‘Conservatibn'Sérvfce office of each
coastal county were used as the basic sou}ce oF infdrmaffon For tﬁié
survey, Supplementary iﬁfbrmation”waé obtained frém data }n the focal
planning commission offices and from interviews with commﬁnffy leadefs.
Finally, the land-use patterns in criffdal afeés were ubdatédband vérified
by field inspection. The:geﬁeralized“laﬁd:use ﬁattéhﬁ érerprésegted in
the maps shown on Plates I-1V in the text of this report and in Plates
VII=XVIIT in the Appendix.

Plates I-VI show land-use patterns along the entire c&aétéi z&ne
of South Carolina from thé‘North Ca?oliﬁa border on the right-hand side
of the map to the Georgia border on the left-hand side of the map. More

detailed versions of these maps are shown in Plates Vil and XVIII in the



(PuelYsSIeN-UDBID) (A3} 10[0D) IGL ‘BUOZ [BISOD BUIjOIRD YINOS ‘deyy aseg | 31eld




?:oE 10 $aJ3B Q00| 40 sbuipjoypue-suobAjod doe|g !saseat] 181sAQ-an|g {pPue(ysiey-uaaan) 1Aad| 10]0))
696 ‘auoZ |EISEOY BUIjOIRD YINOS ‘SBUIP|OY pue) abie] pue saseaT} 18ISAQ 11 a1eld




Bt
Y3

Residential and Industrial Areas, South Ca:rolina Coastal Zone, 1969

Plate 11
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Game Management and Recreation Areas, South Carolina Coastal Zone, 1969

Plate VI

Blue-Boat Ramps and Marinas).

Red-Recreation Areas;

Pink-Game Management Areas;
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Appendix. - Although the maps do not show fine detai],ithe Charleston

harbor complex is recognizable Slightiy to the left of the center of the

‘ mabs. The long, relatively'unbroken coast on the right of the maps is

-the Grand Strand area centered on Myftle Beach and anchored on thé south

by Georgetown and Winyah Bay. South of Winyah'Béy lie the Santee River
delta and Cape Romain. On the left-hand side of the maps, south CF‘
Charleston, the coastline is broken by numerous sea islands and the two
major inlets of St. Helena Sound and Port Royal Sound. The landward
side of the coastal zoné in these haps is defined somewhat arbitrér{iy
by a heavy black line which follows either major highways dr coﬁniy
lines. |

Plate Il shows oyster leases and land holdinés of I,OOb acres of
more, CoIQr reproduction on this plate is especially poor, buf'Tt is
clear that the oyster areas are largely concentrated éouth of tHe mou th
of the Santee River, with particularly intense use of the coas£a| resour-
ces for oysters in the Cape Romain area and in the areas on either side
of the mouth of Charleston harbor and in Beaufort County. Large Iénd
holdings tend to be concentrated in the northern third and sbuthefh‘
third of the South Carolina coastal zone and there is a‘néticeab]e ab-
sence of large land holdings in Berkeley Coﬁnty;* Méﬁy of these large

landholdings are owned by pulp and paper companies and used for gréwing

pulpwood, others are owned by wealthy sportsmen who manage them for wild-

life,
Plate |1l shows residential and industrial areas in the coéstaﬁ

zone of South Carolina., Although there are scattered residents throughout

“Much of Berkeley County is in the Francis Marion National Forest.
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the coastal zone, the most striking feature of Pléte‘lll is the heavy
concentration of population in the vicinity of Charleston harbor, To

an important extgnt, the red markingsAat Charleston overlay a signifi-
cant industrial complex also located in the area. Other major industrial
(or_potential)* industriel sites are found in the Georgetown and Beau-
fort areas, but these sites are small.

Plate |V shows»areas of gross pollutipn and spoil disposal sites,
There are five major areas of pollution in the South Carolina Coastal
Zone: 1) Winyah Bay, at Georgetown is polluted by industrial and
domestic waste; 2) the Santee delta is polluted by industrial wastes;

3) the Charleston harbor area is polluted by industrial and domestic
wastes; 4) the Beaufort River and parts of Port Royal Sound is polluted
by domestic waste from the city of Beaufort; and 5) the mouth of the
Savannah River is polluted by industrial and domestic wastes from the
city of Savannah, Spoil from dredging operations at the ports of
Charleston, Georgetown, and Port Royal and along the Atlantic Intra-
coastal Waterway has much the same effect on the marshlan&s as pollution
from industryvand homes, Both tend to interfere with natural estuarine
processe;. Spoil areas, in orange, can be seen on Plate |V underneath
the pollution zone around Charleston harbor and along much of the Intra-
coastal Waterway for the full length of the Coast.

vAgri;ulﬁura] and Timber Lands are shown on Plate V. The cultivated
agricultural lands are most heavily concentrated near the center of
the coast in Berkeley and Charleston Counties. (The reproduction process

has distorted color somewhat and only the darkest brown areas are cultivated

"At the time of the land-use survey, the Colleton River site in
Beaufort County was considered a potential industrial site.

L]

L3
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lands.) Most of the non-marshland of the Sbufh Carélina Coastél Zone
is in timber, primarily pine; and fhe Cultivéted pTotS are primarily
small truck farming opérationé. |

Plate VI shbwé game managemént‘(both public ahd privafé).areas and
recreational areas in the South Carolina Coastal Zone. 1Ihtense fecrea-
tional uéés of South Carolina's coastal resources are cohcentréfed‘in
the extreme northern stretch.of the‘coast; north of Paney's Island
along the Grand Sfrand, and in the extreme southern poftfoﬁ 66 Huﬁfing,
Fripp and Hilton Head Isiands in:Beaufoft County. fheré are'n&méfbﬁ;
boat ramps and marinas scattered throuéhoufkthe coastal 2one, buf, by
far, the heaviest cbncentration of these are conceﬁtrated south qf |
St. Helena Sound. There afe three rather large areés uﬁdéf management
for game in the South Carolina Coastal Zone: ‘l)ra coﬁgfomer;te‘of
public and private ]énds stretching from south of Cape Roﬁain throﬁgh
the Santee Delta and to Péhley's~lsland, north of Winyah Bayband ué
the Waccamaw River; 2) the Cooper River swamps northwest of Chérleston<
in Berkéley County; and 3) much"ofvtheAérea south and west of Port

Royal Sound in Jaépér and BéauFort Counties.

Major Estuarine Areas

One of the major problems in developing a scientific management

program is determining the size of suitable management and planning

units.

In terms of current land-use patterns in the South Carolina
coastal zone, the coastline can be divided into four major parts..
From}Litt]e_River.on the North Carolina border to Pawley's- Isiand,

the Grand Strand area is already heavily developed as beachfront



resorts. South of Pawley's Island to the northern end of the Isle

of Palms, the coastline is relatively undeveloped and in largely a
natural state, wifh the primary resource use beingvtimber,‘oyster and
wildlife operations, Charleston harbor and its enyirqns, stretching
ropghly from the Isle of Palms on the north to the northern end of
édisto Island on the south, constitutes a third use area. The Charleston
area is a relatiyely low-density urbani zed area, with cpnsidefable
truck farming and o?ster‘opefations‘in the coastal areas. Although
there aré remaining nafura], unpol luted estuérinq areas in the vicinity
of Char]esfon harbor, these areas tend to be either small or on the
northérn and sochern peripheries. The fifth major resource use area in
the South Carolina céastal zone lies from Edisto Island on the north to
the Savannah'River on the south and includes St. Helena and Port Royal
Sounds‘and thé vast marshland complexes of Colleton, Beaufort,’and
Jasper Countfes.‘Thé principal uses of estuarine resources in this

area are oystering, truck farﬁing, timber production and recreational-
residential complexes (e.g., Hilton Head and Fripp Island). Like the
areas lying between Pawley's Island and the Isle of{Palms, the St.
Helena-Port Royal area is essentially in a natural state, although
pollution does interfere with shellfish harvesting in some parts of

the area.

The natural resource use areas in the South Carolina coastal zone
do not corréSpond exactly to political boundaries, and thus it may not
be practical to delineate management areas on the basis of resourée
use alone. In March 1969, the Governor of South Carolina issued an
executive order establishing ten planning and déve]opment areas in the
state, three of which include coastal counties. In the north, the

Waccamaw Planning and Development District is composed of Horry, Georgetown
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and Williamsburg Counties, and thus has jurisdiction over that. stretch
of the coastal zone extending from the North Carolina state line to the
mouth of the Santee River, including all of the Grand Strand and a bart

of the wildlife area south of Pawley's Island. The Trident District,

'composed of Charieston, Berkeley and Dorchester Counties, contains all

of Charleston harbor and its periphery, plus the oyster and wildlife
area in the vicinity of Cape Romain. The Lowlands Planning and Develop-
ment District, in the south, consists of Colleton, Beaufort, Jaspér and
Hampton Counties, and thus is coincident with most of the St. Helena-
Port Royal estuarine use region south of Edisto Island to the Savannah
River,

For planning and management purposes, therefore, it is probabfy mos t
practical to think of the South Carolina coastal zone in three areas:
1) the Waccamaw area; 2) the Charleston metropolitan area; and 3) the St.
Helena-Port Royal area.* The Waccamaw area is already heavily committed
to @ tourist-oriented recreational use of its coastal resources and it
is probably impractical to consider major alterations in resource use in
that area., Likewise, it iS unlikely that urbanization can be reversed
in the Charleston area, althoggh there are still options as fo the type
and level of use of estuarine resources in the Charleston vicinity. The
St. Helena-Port Royal area, on the south, has open a wide range of options

on resource use and can be managed as either a natural estuarine area or

developed for intensive economic operations. Since the options for large-~

scale planning and management seem most viable in the Charleston and St,.

ol

As part of this project, an effort was made to delineate geographic
management units in the coastal zone using commuter patterns, At its
lowest level of aggregation, this attempt grouped Georgetown and Horry
Counties into one area and Charleston, Berkeley, Colleton, Beaufort and
Jasper Counties into another, Since the analysis did not consider the
attraction of Savannah, Georgia on the southern coastal counties, it
failed to separate the St. Helegna-Port Royal area as a separate unit.

See Hall and Hite / 8, p. 151_/,
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Helena-Port Royal area, the analysis of the economic and environmental
aspects of alternative resource uses reported in this study will con-

centrate in these latter two areas.
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Chapter i1l

THE PLANNING MODEL

Background of Economic=Ecologic Models

Scientists have been attempting the construction of mathematical
models of Eoth physical and socjal‘phenomena for many years. But it was
the advent OFAFhe computer that made large-scale models practical ‘as
tools for rational planning and policy analysis, Perhabs the first attempt
at modeling the interfacé between an ecologic and an . economic system was

the pioneering work sponsored by the Federal Water Quality Administration

for the Delaware Estuary ZfFor details, see 2Q;7. The Delaware model

uses the Streeter-Phelps oxygen balance equations along with a linear

"programming format to find minimum costs of a range of different water

quality targets,

Since the late 1960's the literature of economics began to be en-
riched by gevéfal aftfé]eﬁldescrib}ng éonceptuai approaches to a broader
fype of eéonoﬁiﬁ—e;oloéic planning model than that represented by the
belaware Model. Notable among these were papers by Cumberland 1?5;7{

Isard 1?]2;7, Ayres and Kneese Lf2;7band Leontief Z_IQ;7. All of these

approaches envision essentially linear systems. Perhaps the most compre-

hensive of the conceptual models is the one suggested by Isard which has
been empirically implémented on small scale in a study of Plymouth Bay,
In general form, the lsard model may be represented visually by the

diagram in Figure 1., Materials are removed from the natural environment

and processed by industries and households, then discharged back into

the environment where they are again used in ecologic processes. In

some cases, these residuals constitute enrichment for the natural environment,



22

stimulating growth and reproduction; in other cases, the residuals consti=

tute pollution, destroying or impeding ecologic processes.

Area Economy | Economic Output to
(Input-Output Matrix) »; Environment

(Residuals)

T o

Environmental Inputs ‘ Area -Environment
" to
Economy : E (Ecologic Interprocesses)

(Natural Resources)

Figure 1. Generalized Economic Linkages Model

The Isard model has two fundamental Iimifations as a practical plan-
ning tool. (1) It‘reduires a matrix completely descr}bing all of the v
interrelated processes thaf take ﬁlace within the ecd-system under'éon—
sideration, This requfrement neceséftates an extrehe disaggregation bf
environmenfa] resources. For example,‘iﬁ the Plymouth Bay‘Study, lsard
found it necessary to attempt fo quantify the vérious components of fhe
fooa chain for winter flounder in ordef to deQe]op inputs for commercial
fisheries sector, The broad nature of the model makes this exf}eme dis-
aggregation diFficqu tb avoid. Though the disaggfegation éf environﬁental
resources may Ee conceptually desirabie, the.lsard mode | requires‘enormous
amounts of quantitative eHQironmentéi dété which are di%ficult, if naf -

impossible, to obtain. (2) As with all input-ohtput models, the lIsard :
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model is a linear system. Unfortunately, there are ecologic relation-
ships that do not exhibit linearity. In an attempt to minimize this

problem, Isard considered these non-linear processes separately in the

"Plymouth Bay study 1’11:7; but the necessity to consider ‘the non-linear

~

relationships outside the model restricts the model's capabilities as a

planning tool.

A Modified Model

Many of the problems of the Isard model appear té stem from its all-
encompassing nature. Although ecologic inputs intg aHylgcqnomig system
can be examined at many levels of aggregation (e.g., land, hard marsh,
soft marsh), many planning problems do nét require -such detailed identi-
fication, The only ecologic processes of interest in”economic analysis

are those that have specific linkages to the economic system, Hence, the

Isard model can be hodified to provide a“Simple, more practical piénning

tool by concentration only on those processes of particular interest or

~for which data are available,

Figure 2 represents a simplified versioﬁ of a modified lsard model.

Like the more comprehensive Isard model, it assumes a linear system and

constant coefficients, but the ecologic interprocesses portion of the

Isard model has been deleted. Matrix A, in the upper left-hand corner,

is.anuarea intgrindustry, ot'jppq;-output matrix. Matrix E, in the upper
tjghtfhandlcorner, is thetecorogicvexports métrix,;pntaining data on
selccted_rg;iQua}s outputs»of the various sectors of the area economy.

Jn thg lower right-hand corner, Métrix F show§ the imports of selected
natural'fesources by the area economy. Operationally, the modified model

allows greater flexibility in specifying the number and type of.residuals
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and natural resource imports which will be analyzed, and, thus,‘the data

problems‘are greatly reduced,*

Matrix A ; o S © Matrix E
(Area Input-Output — (Residuals Outputs)
Matrix)
Matrix G

(Natural Resources
Inputs)

-

Figure 2, A Modified Economic-Ecologic Linkages Model

For purposes of simplifying mathematical menipulation of the model,
a further modification can be made. Matrix E, the residuals matrix, can
be incorporated into Matrix G, and the residuals can be conceived as
negative imports. That is, the elements of the Matrix G are given nega=
tive signs and included in Matrix E. This modification causes no loss
in the information that can be derived from the model and greatly facili=-
tates the matrix algebra ﬁeceSsary to obtain useful results from the model,
With these modifications, the model used in this study contains two
essential elements; (1) the Leontief inverse of an inpuf-outbut matrix
of the area economy, and (2) a matrix showing the natura]‘resourée in=-

flow from the environment and the residuals outflow to the environment

L2

“For a more complete treatment of the model, see_é—IS, pPP. 14-21_7.
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asséciated.with one dollar of gross output of each ;ector in the input-
oﬁtput matrix.v Inflows from the envirqnmept are giyen a positive sign

énd residpal; outflows are given é negative sign., The basi;ﬁmathematical
oéerétion involves post-multiplying the environmental ]inkaggsimatrix

by the Leontief inverse:

€ (-7 = @®)
where

E is a matrix of order m x n, showing inflows to and outflows
from the economy to the environment,

(I—A)'] is the Leontief inverse of an area input-output matrix
of order n x n, and

R is a matrix of the diréct and indirect environmehtal impact
per do]lar of deliveries to final demand of each economic
sector,

Although, by ignoring the ecologic ihterprocessés where an assump-
tion in linearity may be éspecia]]y troublesome, fhe mode ! described
abové avoids some of the pitfa]is of the lsard model, it does‘not.avoid
the prevailing assumption'of linearity. All coefficients are constant
and are based on average§. Consequently, the model requires én assumption
that the same quantities of inputs and outputs are required to tﬁé éne-
millionth dollar of output as are requifed to producé tHe first dgllar
of output, Such a génerél aséumption'js patently unrea]isfic, and estimates
based on thig assumption cannot be interpreted as highly accurate, Care
in detailed design of the empirical versions of such a model can do much
to minimize the imp%ecision'of estimates, but the resufts'must be ésfi-

mates containing some indefinable degree of error.

The Model and Export Base Theory

A model such as that described requires that some purchasing sector
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(or sectors) of the economy be designated as representative of final
demand, the ultimate user and autonomous force in activitéting'the
économy. In some forms of the model; households and governmenté are
designated és'ffnal demand sectors. In the Laureﬁt-Hite ﬁodel used in
the’study, area exports (i.e., sales by area firms to customefs'ioééted
outside the area) are considered the final demand; The mo&él, thefefore,
is based essentially on the export base theory of regiong] economic
growth and development.

Export base theory holds that a region's growth is a function of
the level of its sales to customers outside the régiqn. Sales to cus-
‘tomers inside the region are'induced:by the income occurring to the region
from its export sales and, thus, are dependent upon these export sales.
For a region to grow, therefore, it must increase itsiregional exports.
Export base theory is not entirely satisfactory'in explaining regional
economic growth; The world, as a who{e, does not export, yet it has
expgrfencedAeconomic grqwth over time,

The Ieve} éf exports cannot'be consideréd highly important in stimu-
lating ecqnoﬁic géwth in the United States at large, On the opposite
extreme, however, the Jevel of income derived from the outside sale of
labor by a.householdﬁjs extremely important to the economic well-being
of .that hquseho]d. In geperal, the sma]]er the region, in terms of either
geographic béundaries or diversity of economic activities; the greater
ghe appliﬁability of‘export_basektheory. Most of the coéstal Zone con=-
bsists of economic areas which are relatively small and more or less.
specialized, therefore a model based on export base theory should not

be inappropriate,

.

y
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‘Chapter 1V

EVALUATION OF DEVELOPMENT ALTERNATIVES

Study Areas

The discussion in Chapter |l noted that the major future conflicts
over coastal zone resource uses were likely toAbeicentered‘in the Charles-
ton metropolitan and the St. Helena-Port Royal Sound (particularly Beau-
fort County) areas. Consequently, the analysis of development alternatives
undertaken in this projeét wés confined to those two areas.

Both the Charleston and Beaufort County areas have'speciél economic
and'environmentai problems. Bath areas are Currently heavily dependent
upon military activities as an economic base. In 1968, 54.0 percent of
the gross sales in the Charleston area was, directly or indfréct]y, due
to military activities in the area Lfll, P. 13;7 to accouﬁt, directly
or indirectly, for 56 percent of the gross sales in Beaufort County in
1969 1#9, P. 13_7. As a consequence of this dependence on military activi=-
ties, which are inherently unstable and politically sensitive, the economy
of both areas is potentially subfect to major shocks resultinélfrom
changes in the level of the defense budget or the location of military
bases. In the Beaufort area, particularly, the heavy dependence on
Impacted Area Funds, accruing to the school budget as a result of thé
military presence, makes local educational services highly vulnerable
to changes in the level of local military activities. In both the
Charleston and Beaufort areas, per capita income is less than 70 pér-

cent of the national average. Each of these areas, thereforé; needs to

" diversify and strengthen its economic base in order to expand job‘oppor-

tunities and increase its tax base, The question facing local planners
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and public administrators, however, is how can such development be

achieved with minimal damage to the environment.

Note on Quality of Data

Two efforts at empiri;a] implementation of the model discussed in
'_Chapter I1l have been attempted, ‘A.28 sector input-éutput_matr]x was
devé]oped from survey‘data for the'three-counpy Charleston metropolitan
area and used in conjunction with an environmental matrix containing 16
types of inflows and outflows ZT]Q;?. The data for the environmental
matrix was also primarily obtained from a survey of area business and
industrial firms, but supplemented by data collected earlier by Stepp
4725;7 and by air pollution data compiled by Duprey 1—147. A 20 sector
input-oﬁtput métrix,for Beaufort County was also constructed using sur-
vey»data, The resulting matrix was then méted with a modified version of
the same enyironmental matrix developed for-the Charleston area lfﬂ;7.
One important problem arising from the data used in evaluating develop-
ment alternatives is associated with the classification ofvthe various
types of economfc activity, Much of the data used in developing the
.input-output matrices for Charleston and Beaufort were obtained by survey
of business and industrial firms. Each firm was promised that data would
‘be reported in such a way as to avoid identification of particular firms.
If one large firm dominated some sector of the economy, it was necessary
to combine sectors tq avoid disclosure of information from an individual
firm. The activity, lumber and wood products manufacturing, for example
is defineq to include pulp and paper operations. Iﬁ‘most céses, the
definition of a sector will be rather obvious, but the reader who desires

a precise definition should consult Laurent and Hite lfIS, PP. 27-23;7.
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Secondly, the data in the environmental matrfg used in this analysis
must be considered. As part of the sﬁrvey of busiﬁésé and industrial
firms in the'Charleston area, questions were asked concerning water usage,
five-day BOD output, and‘solid wa$te,fesg]tihg frém each firm's opera-‘
tions. These data constitute the basic core of information ﬁsed to cal-
culate the coefficients necessary for the environmental matrix. As
noted above, these survey data were supplemented where necessa?y by
resort to secondary sources. The environmental matrices used in imple-
mentation of the model in both the Charleston and Beaufort éréas were
identical except for certain reductions in the size of the Beaufort matrix
required by the reduced number of sectors in.the Beaufort input-output

matrix. These data in the environmental matrix must be considered as

somewhat imprecise estimates representative of the existing level of

waste treatment in the afea. In many cases, there was little or no
treatment of waste in the Charleston area. Concern over enQironmentaI
pollution and the advent of higher standards.for waste freatment will
almost certainly have the effect of reducing the levels of pollution
associated with particular levels of economic output at Charleston or
Beaufort. Consequently, the estimates reported in Fhe analysis which
follows are probably high if applied to new industrial facilities. The
inverse of the input-output matrices and the envircnmental matrix are

presented in Appendix Tables 1-3,

Basic Empirical Results

Exampleé of the basic results obtained from the two empirical case
studies are shown in Tabie 1. This table shows examples of both the
direct emissions and the total (direct and indirect) emissioné.resulting
from the delivery of the.d§11ar of ou%put’to final demand for some selected

sectors in Charleston and Beaufort, One of the most notable features of
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this table is that even those sectors which do not show direct emissions

into the environment are indirectly responsible for rather significant

" emissions. Food and kindred products manufacturing for example, accounts

for ro significant direct emissions of parficulates into the atmosphere,

yet, because of that sector's supply linkages with other types of economic

activities which do account for particulate emissions, expansion of the

sales of food and kindred products to final demarid will indirectiy in-

" crease the atmospheric particulates in both the Charleston and Beaufort

areas, 'If, however, the food and kindred prodicts industry purchased all

‘its inputs from firms outside the Charleston or Beaufort areas, the in-

"direct particulate pollution would be exported and the local area would

not experience’ increased emissions of this residual. Hence; since the
Beaufort area is much smaller geographically and less diverse economically,
a larger proportion of the ihputs for most sectors are purchased outside

the area and the total emissions resulting from one dollar expansion in

sales to final demand is less than for the Charleston area. In the case

of BOD residuals, however, the total (direct plus indirect) emissions
are greater at Beaufort than at Charleston for the five sectors being

analyzed. Local purchasing pattefns, thefefdre, can affect the level of

" these total emissions, and industrial development in a small geographic

area may produce more total emissions than the same type of development
in @ larger area when there are relatively large local supply linkages

to "dirty'" industries in the smaller area. Local interindustry Tinkages

‘and the unique structure of each local economy is extremely important in de-

termining the total impabt on the environment of specified types of eco-

nomic development.
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An Expanded Model

The basic model discussed above can be expanded with relatively
little effort to produce additional impact estimates which may be use-
ful to development groups and planners. One approach is to expand the
E matrix to include coefficients on personal income, number of jobs,
and tax revenues per dollar of gross sales for each sector in the input-
output matrix. Tables 2 and 3 illustrate the results produced by such
an expanded model applied to comparable sectors in the Charleston and
Beaufort areas, .Followjng export base theory, sales to customers located
outside each of the areas are considered autonomous and designated as
deliveries to final demand. The estimates presented in Tables 2 and 3,
therefore, are premised on an expansion of selected sectors by 100 workers,
all of whom are assumed to produce surplus goods (or services, in the case
of tourism) for sale to non-local customers.

The use of 100 wprkers as the unit of analysis presented some prob-
lems in connection with the export base theory embodied in the Hite-Laurent
model, however, !n the Beaufort area, almost all of the output of workers
in manufacturing activities will be sold to customers outside the. county
since there are novlarge urban areas in the county and consequently no
major local markets for this output. Some manufacturing activities at
Charleston, however, currently serve as primarily residential, or local
service, indystries, and producg primarily for the local market,  For
exampie, in 1968, the food and kindred products manufacturers at Charleston
sold 63 percent of their output back to other Charleston area customers,
and tex;i]e and apparel manufacturers sold almost L2 percent of their
output focally Lfll, P. 6;7. Consequently, a large portion of the out-

put of 100 workers in many Charleston activities will be sold locally

o0
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and cannot be considered autonomous. In this analysis, concern is focused

on development alternatives which expand the economic base, i.e., export

‘sales. Application of the fixed coefficients from the 1968 input-output

. matrix to a situation which postulates considerable expansion of output ™

for export to other afeas, especially in the cases of sectoré that were
selling in 1968 & large part of their.output locally, will cause gross
increases in the size of the local multipliers. To adjust the model in
order to make it consistent with the aésumption that the output of these
100 new workeré wou 1d éll be exported, the'model was implementeg sequentially
with a different row in thetinput-output technical coefficients matrix
reduced to zeroes in each implemenfaﬁion. Such an adjﬁstment had the
effect of assuming that the sector represented by the row reduced to
zeroes was selling none of itsboutput locally. Since the éolumns in the
input-output technical coefficients matrix were not changed (except in
the cases where the columns intersected the particular row being reduéed
to zeroes), the opefation had -the further effect of éssuming tHat buying
patterns did not change as particular industries expanded theiF export

sales.

Results of the Analysis

The results of implementation of the expanded model, adjusted as noted
above, are shown in Tables 2 and 3. |In general, since the Charleston area
is more self-céntained and has fewer econémic ]inkages than the Beaufort
area, one would expect the Iocaf impact of expanding most economic sectors
by 100 "export' workers would be greater at Charleston than at Beaufort.
The nature of the induétry and local conditions argvvery imporfant, how=

ever, in determfning the relative size of the local impact. Comparison
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of Tables 2 and 3 reveals, for‘example, that in every case, theheconomic
fmpaétéﬂ(és ésfiﬁated iﬁ the first %ive rows of each tqble) of expansion
of Fiveabasic industries by 100 ‘new export workers will likely be greater
inlthé Charieston aréa than in the Beaufort'area. For example, if one
excludeé fhe inftial 100 wquers which are assumed to be directly employed
Eybthé expansion of any particular industry, one will note that the in-
dhéed émpfoyment (nuﬁber of jobs‘over 100) averaées about 50 percent
grééter at Chériegton than at Beaufort.

Compa}fson of environmenta] impacts at Charleston and Beaufort, as
shown inVTabfes 2 and 3, reveals a somewhat mixed picture, In general,
as‘miéht>bé exbected, the environmgntal impacts at Beaufort are lower
than at Chérleston.‘ Thére are three e;ceptipns to that generality, how-
ever: (1) éulfur dioxide emissions from tourism are about 8 percent
higher at Beaufort fhan at_Charlestonv(Iarger as a Eesult of greater
usage éf éufomobilesAin Beaufort tourism); (2) BOD emissions for all
Vfive sectof& are highe} at Beaufort than at Charleston; and (3) solid
waste eﬁissions for all Fivg sectors are higher at Beaufort than at
Chér]eston. Again, these latter two cases are explained by local buying
~patterns at Beaufort which result in more local purchases from relatively

dirty! industries per dollar of output than occur at Charleston.

Adaptation of a Linear Programming Model
: ‘ Modé] Formulation
| Although the information reported in Tables 2 and 3lmight be used
in ftg rawrférm>as an {nputrinto planning decisions, this information
might also leﬁd itﬁelf to use in-a linear programming model. Linear pro-
gramming is essentiaily a mathematical technique for maximizing or mini-

mizing some variable, given a set of constraints which must be met /723 7.

w

4
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'Thus, linear programming might be used to determine. the optimum mix of

industries in’thé‘coastal zone of'South Carolfna,fgivén that the goal
was to minimize pol]dtion; subject to a setvof economic cqnstraihts
relative to minimum allowable levels of income, jobs, tax revenues,
etc. The information reported in Tables 2 ahd 3 could be used to obtain
the coéfficients necessary for writing suéh é linear.pfogramming model.

Suppose, for example, it was decided that the.plahning géal'fér the
South Carolina coastal zone was to minimize the S-da} BOD emfssidﬁs; We
could write én objective function to be minimized based én information
in line eight of Tables 2 and 3. Obviously,-the easiest way to>minimize
the BOD residuals in the coastal zone wdu]d be to deciare the wholeqérea
off limits to all types of économ[c activity. ButAsuéh an eaéy course
of action begs the question because the coastal zone of South Carolina
is populated and that population must earn a livelihood. Conseqdently,
we will probably want to minimize BOb residuals subject to séﬁe con-
straints, If we desire to place a floor under personal income fn fhe
coastal zone,'we can use infofmation from Ifne‘two in Tables 2 and 3,
if we desire to assure full emplo;ment, Wé can obtain information from
line three, and if we desfre to’hold tax revenues to gome minimum level,
we can usé infofmation ffém lines four and five, THus, Tables 2 and 3
give us the information we need to write a linear programming model for
obtaining an oﬁtimum mix of industfies in tge CBarleston énd Beaufort
a;eas. | |

One practical linear programming model for the coastal zone might

be to minimize total BOD residuals, subject to:

(1) generation of enough jobs to fully employ the labor force
in both the Charleston and Beaufort areas,
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(2) generation of enough personal income to bring per-capita in-
come in the two areas up to the national average,*

(3) generation of enough local and county tax revenue to adequately
support local services, and o

(k) assurance that no existing industry would be shut-down or
forced to cut back its employment.

With oﬁlf a few pieces of additional data on population,'per—capjta in-
comes, efc.,.there ié‘énoQgh information in Tables 2‘and 3 to write such
a linear prégramming probleh._

'.But,fhe actua} wrjting of equation; for cqnstraints.z and:3 poses
spme.prob]ems. These copstrain;s must be dynamic. In constraint 2, for
example, the totallperéqnal incqme mﬁst be great enough to yield the
national average per-capita income when divided by the local population,
If the total number of_jobs creatgd ekceed the local labor supply, one
wéuld aésume in-migration-which wiltl raise‘fhe local populatiop. Thus,
as'the.population increases, the total amount of personal income must
also fncrease if per-capita }ncome in the area is to be at least qual
to the national avefage. Given that we know that about one person out
of every 3.874 in the_lqcal populatjon-in the Charleston and Beaufort
areas is.-a member_ofithé labor fbrcg, and that the national per-capita
anéme in:1969 was $3,676, constraint 2, written as inequalities (one
eéch for Ch;rlesfon and Beaufért afeas) then become:

1,123,400%, + 1,642,200%,

+1,262,900%; + 1,797,500X
3,676 _/_"3.87l+(|zsxl + 136X

7 + 1,943 ,400X
+ 125X + 143x7 + 149x9)_/

9
3

and

119,400x2 + "]“7’2°°Xh + 982,800xé + 1,288,6on8 + 1,&93,600x]o 2
3,676 /3.874(111X

, ll?Xu + 11hX, + 118Xg + 126x]0?_/,

“This is the Coastal Plains RegionaT Commission's goal for the easte
portion of the two Carolinas and Georgia.

>
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where:

X, = Hundreds of workers employed in food and kindred products
at Charleston, : :

X, = hundreds of workers employed in food and kindred products
at Beaufort, '

X, = hundreds of workers employed in textiles and apparel at

3 Charleston,
Xh = hundreds of workers employed in textiles and apparel at
Beaufort, ’
X_ = hundreds of workers employed in lTumber and wood products

5 (including pulp and paper) at Charleston

X6 = hundreds of workers employed in lumber and wood products
(including pulp and paper at Beaufort,

X7 = hundreds of workers employed in chemicals at Charleston,

X8 = hundreds of workers employed in chemicals at Beaufort,

X9 = hundreds of workers employed in tourism at Charleston, and

X]0 = hundreds of workers employed in tourism at Beaufort.

Then, simplifying these inequalities, we get:

-656,887x] - 294,684x3 - 503,050x5 - z39,ool+x7 - 178,387x9 290

and

Upon examination of these inequalities, the reader familiar with only basic
mathematics will realize that it is impossible for the sum of a series

of negative numbers to be equal to or greater than, zero. Consequently,
we must conclude that the income constraint .which we wish to impose is
not realistic, The five basic industries being examined in this study
cannot bring per-capita income in the Charleston and Beaufort areas to

the national average, regardless of how large their activities are allowed

to become. As a group, these industries use relatively large amounts of
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labor (thus requiring a relatively large population to supply labor)
and relatively low amounts of income, A similar matHematical exercise
concerning constraint &4 will yield the samé conclusion,*

Although it is not feasible to include constréints on income and tax
revenues in the linear programming model suggeéteq above, there are no
specia]-dﬁfficulties éséociated with constraints 1 and 4. It may be use-
ful to .continue development of the model with these constraints. "Accord-
ingly, a linear programming problem was formulated so that we:

Minimize: @ = 250,900X, + 335,100%, + 32L,400X
1,6Au,loox5 + 1,736,000X
39,800X

3 + 470,200X4 +

+ 149,300X7 + 249,300%_ +

6 8

+ 131,100X

9 10

Subject to:
(1) 125, + 136X

(2) mx2 + 119X
(3) X, 216.00

+ ]2LI-X5 + 143X7 + 149X
+ 114X

g 2 58,763
R >
+ IISX8 + 126X]o = 13,200

3

b 6

() X 2 3.50
-(SL;nX3 2 33,64
(6) X, 2 2.50
(7) X 2 43.36
(8) X Z 1.00
(9) Xg 2 1.00
(10) X4 % 6.92

@ = Total 5-day BOD emissions in both the Charleston and Beaufort
areas and all other notation is as previously defined.

 The fiFst two inequalities in this problem require that the total

| ConErs ot ,
number of jobs created in the Charleston and Beaufort areas be at least

D

fConstraint 4 was formulated to assure that one-half of annual local
tax revenues would be great enough to allow local governments to spend
the South Carolina state average on per-pupil school expenditures.

©

n
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equal to the labor forces in the two areas, respectively. The last

eight inequalities require that no current activity:in the two areas,

except Charleston area chemicals and tourism at Beaufort, be reduced to
lower than current level of employment. Charleston area chemicals were
omitted from these constraints because most of the existing facilities

at Charleston are old and somewhat antiquafed, so that these facilities

could be gradually closed without sacrifice of siénificant fixed assets.

Tourism at Beaufort was omitted because ft produces relatively low amounts
of BOD per worker and was cons idered likely to be included in an op timum
solution at a level of about current employment. | o

The solution to this linear programming prob?em is shown jn Tqbie
L, )Toﬁrism eme}ge; as the méjor empﬂoyef in both areas in thfs optimum
solution; 31,417 persons would be employed in tourism in the Charleston
area and 9,748 in the Beaufort area. Such a §§lutionA}s to be expected
if~oﬁeuobserves in‘Tables.z and 3 that tourism produces the least BOD
per Eundred workers induc}ﬁg the greatest number of outside jobs of any
of the five alternatives.  All the other activfties are shown in Table

4 at the levels required by inequalities 3-10 in the mathematical formu-

lation of the problem:

Evaluation of Results
Table 5 shows the economic and environmental ramiFications ;f,the
optimum solution presented in Table 4, Line 3 in Table & shows that per-
capita income in both areas is below the national average, but perhaps
the most striking feature of Table L is that per-capita income in Beau-
fort County is ébout one-third greater than at Charleston in the optimum
éolution. Since the military activities were not considered as alter-

natives in the linear programming probiem, per-capita income at Charleston
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Table -4, Optimum Employment to Minimize BOD Subject to Full Emplo?ment
~and Existing Size of Industry Constraints for -Five Selected
.Basic Activities, Charleston and Beaufort Areas, South Carolina,

 1968-1969
Employment -at:
_ Charleston
Activity- - S (3 County Area) Beaufort County
» - Workers -
Food & K|ndred Products v I,6QO. : 350
Textu]es & Apparel 3,364 o 250
Lumber & Wood Products 4,336 v ’ 100
Chemlcals - ‘ 100
Tour ism ' , 3wz 9,748

SOURCE Computed by linear programming.

Table 5. Economic and Environmental Ramifications of Linear Programming
Solution of Optimum Industry Mix, Charleston and. Beaufort Areas,
South Carolina, 1968-1969 ’

Type of = . o Charleston - Beaufort

Impact .~ - - : : - Area - - .5 .. County
Total Sales ($) - -~ - = . 1,167,074,700 211,318,800
Total Personal Income ($) 738,535,300 153,113,400
Per Capita Income (§) Lo o T o2,0000 0 " 3,000
Total Number of Jobs 58,763 . 13,200
Local & County Taxes ($) 10,375,200 1,453,200
State Taxes ($) 67,958,300 15,506,800
Particulates (lbs/yr) 81,983,600 3,449,800
'S0, (1bs/yr) 5,522,900 1,718,700
5-Day BOD (lbs/yr) 98,719,400 17,113,300
Solid Waste (cu yds/yr) ©+7,979,200 © 7 932,000

- .SOURCE: Computed by use of data in Tablés 2-L.

tw
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in the optimum solution is actually about $300 less per yeér than the
per=-capita income prevailing at Charleston in 1968 lfll, p.w25;7. Total
sales at Charleston is also lower in ‘the optimum solution than the 1968
level; the 1968 level was $2,232,000,000, the optimum solution level is
$1,167,074,000. Per-capité income in the Beaufort area is about $450 per
year greater in the optimum solution than the 1969 per-capita income in
that county 179, p. 12;7, although even at Beaufort, total sales are
reduced by the optimum solutipn from the estimated 1969 level of $2h5,972,009

/19, p. 13;7. it is apparent, therefore, that any policy designed to
minimize BOD residuals, constrained only by a requirement that the labor
force ‘be fully employed, will require a considerable reducfion in the
level of economic activity at Charleston and a slight reduction iﬁ the
level of economic activity at Beaufort. Moreocever, it is also apparent
that such a policy will reduce per-capita income in the Charleston area.
School expenditures normally take up to as much a;vone-half of local
tax revenues in South Carolina. The statewide average expenditure per
pupil in South Carolina in 1969-1970 was $214 179, p. 8;7. If we allo-
cate one=half of Iine'4 in Table 4 (Local and County Tax Revenue) for
schools and divide by the number of public school pupils in ?égh of the
two areas, we will see that the optimuﬁ solution determined frbm our
Iinear’programming problem produces only about $70 per year per pupil.
Of course, local governments could spend more than one-half of their tax
revenues on schools, but to do so they would be forced to cutback on other
services, Even if all of the local and county tax revenues in thesg two
areas were spent on schools, however, the linear programming solution
would provide only about $140 per pupil per year, a figure far short of

the statewide -average. Thus, it appears that a policy aimed at minimizing
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BOD residuals consistent .with full-employment will force drastic cutbacks
(in.-local expendijtures for education in the Charleston and Beaufort areas.
The burden of .the analysis in the two paragraphs above is that policy
regulating discharge of emissions into the coastal zone of South Carolina
must. consider a wide range of economic constraints. Full employment is
a legitimate goal, but other economic criteria must also be considered.
The existing economic base is not strong enough to raise ber—capita in=-
- comes- to the national average, or to raise per-pupil school expenditures
to the statewide average, even when no environmental factors are con-
sidered. In the long-run, that économic base can be broadened and-
strengthgned. But in the short-run, policy aimed at minimizing BOD
emissions (and probably other types of residuals) will necessitate con-

siderable economic sacrifice.

©
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‘Chapter V
SUMMARY AND CONCLUS IONS

Summary of the Research

THFS report presents the resﬁlt of an effort to devel§p>procédures

for the economic evaluation of alternative uses of’the resources of
the coastal zone of Sduth:Caroliﬁa. The re;éarch embodfed in this re-
port was divided into four phéses: (1) an attempt wag made to identify
and delineatevSQItable'planning units tn fhe coastal zone; (2) a modi-
fied iﬁput;output‘m;del Was developed to exam}ne the ecéhomic and‘
environmental repércussi6n§ ofvvarious types~of economic activity;
(3) the inbut-output modeluwasvappfied to the Charleston aha Beaufort
areas of the soutﬁ tarolinabcbastal zonéi and (4) the input-output
mgdel was extended, usiﬁé linear programming, to e*am}ne thé impiicétions
of one particular policy élterhatkve. ” D

 This project‘has.préduced twb dist{nct kinds of resultg. It has
shed new light on the techﬁical préb]ems assoc}ated Q}th eva]u;tingv
the economic and envifonmehtal impacts of Qarious types éf economic

development. It has also given us some additional insight into the

‘kinds of .policy alternatives available for the management of estuarine

resources in South Carolina and some of the limitations on such policy.

. The former type of results are largely technical in nature and are of

prfmary interest to other researcherﬁ. They have been ;ummarized and
repofted.in other places (éeeAfhe jjstfng oﬁzpage ii) and will not be
further discussed here. Rather, we willldiscusélthe fmplications of‘
the résults of this préjéét for estuafine manégement policy and.plég-

ning;
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Conclusions
Perhaps the most important point documented by this research is
the conflict between area economic well-being, as measured by per-
capita income, number of jobs, and tax revenues, and environmental
.quality, as measured by outputs of residuals lnto the eco-systew.
Although all the analy5|s in thlS report is based on waste treatment
technology Wthh may be anthuated it |s clear that economic act|V|ty
wnll produce was te and that waste must eventually find its way back
into the environment, The only way to have a 'natural!! estuarine
systeh ln the coastal>aone of éouth‘Carolina ls‘to excludekecohomlc
activlty from that zone., Since there are people living ln the coastal
zone of South Carolina “and since those people must have‘a source of
livellhood excludlng‘economlc activity from the estuarlne areas wull
requnre movnng thevcurrent populatlon to tne interior, Such a drastic
remedy is “not real|st|c. Therefore coastal zone resource hanagement
must be based on allowance of some tolerable levels of waste emissions
into estuarlne'eco;systems\ The real question is: What kinds of eco-
nomic actlvltles will.glve us the minlmun level of environmental damage
while providing necessary economic support for the residents oF the
coastal areas and the people of the State? Thns research has not answered
that questlon but it has made a start toward an‘answer
Although economic activlty cannot be realistlcally excluded from
all of the coastal zone, it does not follow that it cannot he excluded
from 321 area along the coast.‘ This report has shown that there are
areas on the Soutn Carollna coast which are sparsely populated and :

which are still in something approachlng a natural state. A zoning

"

polncy whlch serves to set some of these areas a5|de would appear to be

(ay



[t

47

feasible and desirable. *But zoning is an ''either or" propositioh; it
does . not provide any means for regulating ‘the mix and size of activities
within a particular use zone. We have shown, for example, that food pro-
cessing industries produce smaller quantities of environmental résiduals
per dollar of income, or per’ job, than do wood, pulp and paper indus=-
tries. Yet, if zoning is the sole management tool, it may not be pos-

sible to-exclude the Felatively 'dirty" industries from industrial '

.zones, A.permit:-system, used in conjunction with a zoning system, how-

ever, could provide-the added control needed fo’regulate the mix and
size of the.various types of economic activities to be al]dwee in selected
coastal areas such as Charleston and Beaufort.

Under a zoning and permit system, certain areas would be declared
off-1imits to further economic development. Other areas would be zoned
for residential developments, for tourist and recreational developments,
for agficulture and for manufacturing. The tools developed in this research
project could be used.to assess how much of each type of uee area was
needed to meet economic objectives. Persons seeking to make use of these
areas for the purposes to which they were set aside would apply for a
permit. . In the application, they would spell out the details of their
proposal, includfng the type of activity being proposed and its approxi-
mate size. This application would then be evaluated relative to the overall

plan of development for the coastal area,

Suggestions for Further Research

Before such a management system can be implemented, we will need
to know more than we know now about what additional types of economic

activities should be allowed to develop in the coastal areas of South
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Carolina.. We have shown in this. research that if the military is ex-
cluded from the economic base, -the current mix.of activities cannot pro-
vide local tax revenue needed. to support the public schools at a-level
consistent with the statewide average per pupil expenditure‘of local
goverﬁments. Neither can these activities be used to bring per-capita
incqmes in the coastal areas. in line with the national average, New
types of activities are needed, but further research must be undertaken
to deterﬁine which activities will produce the greatest economic retufns
with the least environhental costs. Once determined, these aétivities
must be evaluafed to determine if. the coastal areas of South -Carolina

have locational advantages for attracting them,-

»
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Appendix Table V. Annual Output per 100 .Workers Used to Compute
Economic and Environmental Impacts, Charleston
Metropolitan Area and Beaufort County, South
Carolina, 1968-1969

Sector "~ Apnual Output per 100 Workers
Food & Kindred Products $§ 735,000
Textiles & Apparel 782,000
Lumber & Wood Products‘ , . 7 1,211?900
Chemicals f .' | 1,129,900
Tourism ‘ | 1;090;900

SOURCE: Computed from Table 1, Laurent and Hite, Economic=Ecologic
Analysis in the Charleston Metropolitan Region: An Input-
Qutput Study, Water Resources Research Institute Report No,
19, Clemson University, Clemson, South Carolina, April 1971,
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Oyster Leases and Large Land Holdings, Northern Region, South Carolina Coastal Zone, 1969

Plate X

Black Polygons-Landholdings of 1000 acres or more).

I

Green-Marshland; Blue-Oyster Leases

(Color Key
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Industrial and Residential Areas, Southern Region, South Carolina Coastal Zone, 1969

Plate XI

Red-Residential Areas; Yellow-Industrial Areas).

'

: Green-Marshland

(Color Key
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