
RESULTS OF A MODELING WORKSHOP CONCERNING ECONOMIC.
 
AND ENVIRONMENTAL TRENDS AND CONCOMITANT RESOURCE MANAGEMENT
 

ISSUES IN THE MOBILE BAY AREA
 

David B. Hamilton 
Austin K. Andrews 
Gregor T. Auble 

Richard A. Ellison
 
Richard A. Johnson
 

James E. Roelle
 

U.S. Fish and Wildlife Service
 
Fort Collins, Colorado
 

and 

Michael J. Staley 

Environmental and Social Systems Analysts Ltd.
 
Vancouver, B.C. Canada V5Z IG6
 

Western Energy and Land Use Team 
Office of Biological Services 

U.S. Fish and Wildlife Service 
2625 Redwing Road 

Fort Collins, Colorado 80526 



i i
 



'...
 

. EXECUTIVE SUMMARY 

During the past decade, the southern regions of the U.S. have experienced 

rapid change which is expected to continue into the foreseeable future. 

Growth in popul at ion, industry, and resource development has been attri buted 

to a variety of advantages such as an abundant and inexpensive labor force, a 

mild climate, and the availability of energy, water, land, and other natural 

resources. While this growth has many benefits for the region, it also creates 

the potential for increased air, water, and solid waste pollution, and 

modification of natural habitats. 

A workshop was convened to consider the Mobile Bay area as a site-specific 

case of growth and its environmental ,consequences in the southern region. The 

objectives of the modeling workshop were to: (1) identify major factors of 

economic development as they relate to growth in the area over the immediate 

and longer term; (2) i dent ify maj or envi ronmenta 1 and resource management 

issues associated with this expected growth; and (3) identify and characterize 

the complex interrelationships among economic and environmental factors. This 

report summarizes the activities and results of a modeling workshop concerning 

economic growth and concomitant resource management issues in the Mobile Bay 

area. 

The workshop was organized around construction of a simulation model _..... " ... ' ',' ""....". - -. -. . 

representing the relationships between a series of actions and indicators 

identified by participants. The workshop model had five major components. An / 

Industry Submode 1 generated scenari os of growth in several i ndustri a1 and 

tran sportat i on sectors. A Human Popul at ion/Economy Submode 1 cal cul ated human 

population and economic variables in response to employment opportunities. A 

Land Use/Air Quality Submodel tabulated changes in land use, shoreline use, 

and air quality. A Water Submodel calculated indicators of water quality and 

quantity for fresh surface water, ground water, and Mobile Bay based on dis­

charge i nformat ion provi ded by the I ndustry and Human Popul at ion/Economy 

Submodels. Finally, a Fish Submodel calculated indicators of habitat quality 

for finfish and shellfish, utilizing information on water quality and wetlands 

acreage. 
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The workshop was successful in identifying many of the critical inter­

relations between components of the Mobile area system. Not all of these 

interactions, such as the feedback of air quality as a limitation on develop­

ment, could be incorporated in the workshop model because of the model IS broad 

spatial scale and because of uncertainties or data gaps. Thus, the value of 

the modeling workshop was in the areas outlined below, rather than "in the 

predictive power of the initial model developed at the workshop. 

First, participants developed a holistic perspective on the interactions 

whi ch wi 11 determi ne future economi c and envi ronmenta 1 trends wi thi n the 

Mobile Bay area. Potential environmental consequences and 1imitations to 

growth identified at the workshop included: shoreline and water access; water 

quality of Mobile Bay; finfish and shellfish habitat quality with respect to 

dissolved oxygen and coliforms; air quality; and acreage of critical wetland 

habitat. Second, the model's requirements for specific, quantitative informa­

tion stimulated supporting analyses, such as economic input-output calcula­

tions, which provide additional insight into the Mobile Bay area system. 

Third, the perspective of the Mobile area as an interacting system was devel­

oped in an open, cooperative forum which may provide a foundation for conflict 

resolution based on common understanding. Finally, the identification of 

model limitations and uncertainties should be useful in guiding the efficient 

allocation of future research effort. 
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INTRODUCTION
 

Ouri ng the past decade, the southern regi on of the U. S. has experi enced 

rapid growth which is expected to continue into the foreseeable future. To 

help identify and assess long-term economic and environmental trends and 

concomitant resource management issues likely to face this region, the U.S. 

Environmental Protection Agency (EPA) funded the Southern Regional Environmen­

tal Assessment (SREA) through their Office of Strategic Assessment and Special 

Studies. Conducted by the Science and Public Policy Program, University of 

Ok1ahoma, the SREA is intended to provi de i nformat i on for both short-term 

policymaking and long-term research and development planning through a series 

of reg i ona 1 and representative site-specific analyses. One of these s i te­

specific analyses concerns the Mobile Bay area of Alabama. 

The Mobile Bay area has played a prominent role in the history, growt'h", 

and economic development of the Northern Gulf Coast. The bay serves coastal 

area residents and inland areas in a variety of ways. The Port of Mobile 

provides major commerce on a world-wide basis and is rapidly expanding and 

modernizing port facilities to prepare for anticipated demand. Its geograph­

ical position provides easy access to the sea, and a potential new access to 

the U.S. interior upon completion of the Tennessee-Tombigbee Waterway. The 

'de-veloped'·l a·n d'S ··adj·aeen·t to the· ba.y--a nd-·the·lowe.r .Mo b,n·e ., R,i.v.e.r "and .U.s" trJb.u::­

taries serve as the location for economically important industrial, commercial, 

and urban development. In addition, navigation, sport and commercial fishing, 
and recreational boating are important uses of Mobile Bay. 

The bay, through its natural function and the design of man, also serves 

as a repository for municipal and industrial effluents and urban and agricul­

tural runoff. As growth and economic development continue, competing uses of 

the water resources, associated wetlands, and adjacent lands may cause ever­

increasing stresses on the bay's environment. Effective management should 

delineate these competing economic and environmental forces, assess the demands 

and needs for this water resource, and formulate plans which will, to the 

maximum extent feasible, protect the natural qualities of the area while 

responding to the needs and problems related to economic growth. 



OBJECTIVES 

The purpose of the Mobile Bay workshop was to bring together a balanced 

group of experts, representing a broad range of interests, to address the 

following objectives: 

(1)	 identify major factors of economic development as they relate to 

growth in the area over the immediate and longer term; 

(2)	 identify major environmental and resource management issues associ­

ated with this expected growth; and 

(3)	 identify and characterize the complex interrelationships among 

economic and environmental factors. 

The workshop, held November 2-6, 1981 in Gulf Shores, Alabama, was facil ­

itated by staff of the Adaptive Environmental Assessment Group of the Western 

Energy and Land Use Team, U.S. Fish and WildlifeService. Workshop partic­

ipants included representatives from Federal, State, and local government 

agencies as well as industrial, commercial, and environmental interest groups. 

This report is a synthesis of workshop activities and results. 

THE ADAPTIVE ENVIRONMENTAL ASSESSMENT METHODOLOGY 

The Adaptive Environmental Assessment (AEA) process is a systems analysis 

too 1 for cooperative assessment of comp 1ex resource issues. It promotes 

integrated, balanced, front-end planning and management with direct participa­

tion of Federal, State, and local agencies and public interest groups. 

Developed by the International Institute for Applied Systems Analysis (IIASA), 

in Laxenburg, Austria, and the Institute of Animal Resource Ecology at the 

University of British Columbia, the AEA approach is organized around a series 

of highly structured modeling workshops alternating with periods of research 

and analysis. 
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AEA is based on three principles addressing the problems encountered with 

other environmenta~ assessment techniques. First, participants drawn from key 

agencies and interest groups, who collectively represent a relevant range of 

scientific expertise, management responsibility, and decisionmaking authority, 

are brought together in interdisciplinary workshops during the early stages of 

planning. Representation of all interest groups insures balanced consideration 

of issues relevant to all affected interests and produces analysis results 

which are responsive to policymakers' needs. In addition, potential conflicts 

between groups can be identified at an early stage in planning, thus increasing 

opportunities for their resolution well before deadl ines for important 

decisions. Second, computer simulation modeling and other systems analysis 

techniques are used to promote communication and coordination among workshop 

participants, to limit the scope of the environmental assessment to relevant 

factors affecting'the target decision, to synthesize existing information to 

identify important gaps in data and conceptual understanding of the. resource 

system necessary for making an informed decision, and to assist in predi~ting 

potent i a1 consequences of vari ous management a1ternat i ves as a basi s for 

designing balanced management strategies. Third, monitoring programs can be 

designed and analysis of results continued so that actual impacts are tracked 

and management strategies adjusted as unexpected impacts occur. 

The focus of an initial AEA workshop, such as the one described in this 

r.e.po,r·t ,-.-i ·s."t~ e, .co nsi,r,uciJ,on.. -oJ.a .quant..Lt.at.i .v,e".dy.n,am.tc .s5mula t.to.n ,mo.de.l ,,0 f .the_ 

system under study. Early in an assessment the process of building a model is 

usually of greater benefit than the model itself. Development of a simulation 

model provides a framework for integrated discussion of a resource issue which 

enables participants to view their expertise in the context of the whole 

system, thereby promoting interdisciplinary communication and understanding. 

The fundamental value of focusing attention on the interrelationships and 

indirect connections between components of a resource system is that these 

connections often represent the points at which various agencies and interests 

must interface in their attempts to deal with the complexities of the resource 

issue. Also, in building a simulation model, participants are forced to be 

precise about their assumptions. Conceptual uncertainties about system 

3
 



behavior are objectively exposed, and questions that must be addressed in 

order to understand system responses to resource development projects are 

i dent ifi ed. 

An initial modeling workshop thus provides a good beginning to an environ­

mental and economic development analysis. If appropriate, subsequent workshops 

and research periods can be used to develop a technically refined simulation 

model useful for exploring potential impacts of various resource development 

or management alternatives. 
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BOUNDING THE WORKSHOP MODEL
 

Resource development issues often involve complex interactions among a 

variety of economic, social, and environmental factors. While some individual 

components of such a resource system may be well understood, the complexity of 

component interaction~ generally results in poor understanding of the system 

as a whole. Simple representations of resource systems can provide valuable 

ins i ght and understanding of system behavi or under di fferent management or 

development alternatives; they may not provide sufficient detail and credibil ­

ity for actual resource development decisions. The representation of the 

resource system used in an analysis must therefore be sufficiently detailed 

and flexible to address all concerns" adequately, yet must remain simple enough 

to be understandable. Problem simplification is stressed in the early phases 

of the AEA process to provi de better understandi ng; addition of real i st i c 

complexity is stressed in later phases to provide a level of detail consistent 

with management and decision needs. 

The process of simplificaton, or bounding, was initiated in the workshop 

by describing management alternatives (actions), identifying performance 

measures (indicators) used to evaluate the effects of those actions, and 

putting the actions and indicators in a manageable spatial and temporal frame­
.,wo.r..k..__ .__.._ _ "~~ _ 

ACTIONS 

Actions identified at the Mobile,Bay workshop were organized into the 

groups that eventually became the major components of the simulation model 

(Table 1). The majority of these actions describe potential industrial 

developments and land use changes. 
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Table 1. Actions identified at the Mobile Bay workshop. 

Model component	 Action 

INDUSTRY	 Dredging and spoil disposal
 
Port construction ­
Oil and gas development
 
Theodore Industrial outfall
 
Tennessee/Tombigbee Waterway
 
Mobile Harbor Project
 

Build off-shore porta 
Recycle solid wastesa 

Construct pipelines 
Deep well injectiona 

Construct marsh/wetlands 
Sewage treatment facilities 
Increase coal handl ing facil Hies 
Hazardous waste transport and disposala 
Build power plants Q 

HUMAN POPULATION/ECONOMY	 Housing development 
Increase services 
Control non-point source runoff 

LAND USE/AIR QUALITY	 Change land use regulations 
Change air quality regulations 
Better control of solid waste disposala 

i~~;:~~eP:~~:r;~~~~a~~cessa 
Purchase wetlands (e.g., Dauphin Island) 
Control non-point source pollution 

WATER	 Line drainage ditches 
Straighten river channel 

Regulate commercial harvesta 

Regulate recreational harvesta 

OTHER ACTIONS Implement conflict resolution forum for 

permittinga 

aNot addressed in model because of lack of information, lack of time, or 
because it was deemed of only minor importance. 

blncludes both finfish and shellfish. 
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INDICATORS
 

Indicators are defined as those measurements used to evaluate the perform­

ance of a system. They are the links between the simulation model and the 

participants l perceptions of the system. It is important to compile a compre­

hensive set of indicators representing the interests of all participating 

agencies and groups because individuals have different perceptions as to what 

is i mportanti.n the system. A comprehen si ve 1i st ensures that the model .i s 

relevant to the concerns of all participants. Most of the indicators identi ­

fied at the workshop represent potential effects of development on the local 

economy, population, and aquatic resources (Table 2). 

SPACE 

Two aspects of space are usually defined for the purposes of simulation 

modeling. First, the boundaries of the total area to be represented in the 

model must be specified, and second, the degree of resolution or number of 

smaller subunits to be considered within the overall boundaries. 

It was decided that the total area to be represented would include Mobile 

and Baldwin counties, and Mobile Bay (Fig. 1). The terrestrial portion of 

."J.bJs, ar.~ .,w.a,s sJ~bcLi 'de . to_t e t,W9 couJ)~i~_s .. .Q~c~,~se.J?_articjJ~a~t.sw~r.e. . 
interested in differences in development and effects between the counties and 

because most of the relevant data were on a county basis. Mobile Bay and the 

Mobile-Tensaw Delta were subdivided into seven areas (Fig. 1), as a first 

approximation, to represent water quality differences in the bay. East-west 

dividing lines were placed at the city of Mobile, the mouth of the Dog River, 
~ «. - ­

and the mouth of the Magnolia River. The north-south diViding line followed 

the dredge spoil bank on the east side of the navigation channel. Participants 

agreed that a much finer spatial resolution would be required for detailed 

water quality modeling but felt the seven-subunit resolution was adequate for 

purposes of an initial workshop. 
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Table 2. Indicators identified at the Mobile Bay workshop. 

Model component	 Indicator 

INDUSTRY	 Dredge spoil land disposal and relative 
amount of current capacity used 

Capital investment 
Capital costs of permitting delays 
Industrial expansion due to Theodore 

outfall (addressed within total 
Mobile Company development) 

aCoal and grain exports 

HUMAN POPULATION/ECONOMY	 Human population size and density 
Level of employment 
Size of service industry 

Human health a 

Disposition of bay revenues a 

Recreational use 

;f~:i~i ~~~~a~~d hard goodsa 

Housing starts 
Number of jobs by sector and type 
Number of new jobs 
Per capita income 
Income distribution a 

Crime and vandalism rates 

LAND USE/AIR QUALITY	 Acres of dunes, beaches, sensitive 
areas, wetlands 

Air quality 
Amount of construction in coastal areas 

Beach erosiona 

Land ownershipa 

Historic sites preserveda 

WATER Water quality (salinity, temperature, 
dissolved oxygen, coliform, 

trace metals,a pesticides,a hydro­
carbons,a suspended solidsa) 

Ground water quantity and quality 
Water use 
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Table 2. (continued) 

Model component	 Indicator 

FISH b	 Population sizes ~ 
Benthic community structurea 

Commercial species 
Recreat i ona 1 speci es 
Threatened and endangered speciesa 

Harvest 
Contaminant levels 
Acres of grass beds, bay bottomsa 

Catch/unit effort 

OTHER INDICATORS	 Time requi red for permi tt i ng 
"Permits granted 
Permits denied 
Industrial inquiriesa 

Number of corporations moving into 
aarea

aNot addressed in model because of lack of information, lack of time, or 
because it was deemed of only minor importance. 

blncludes both finfish and shellfish. 
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FIGURE 1. Geographic area considered in the 
Mobile Bay workshop model. 
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TIME 

Two aspects of time must be considered in a simulation model: 'the time 

horizon or length of time for which model projections are desired, and the 

time step or interval between successive values throughout a given simulation. 

A time horizon of 30 years was selected for the model. This time horizon 

was chosen because it corresponded to the EPA Southern Regional Environmental 

Assessment time horizon and because some projections of potential gro~th and 

development in the Mobile Bay area were available for this time period. The 

incremental time step proved to be more troublesome because relevant processes 

and data were at very different time scales. For example, human population 

growth and industrial development are often recorded as average annual growth 

or based on 5- or lO-year censuses and surveys, while water quality in Mobile 

Bay can changeover a peri od of a few hours to a few days. An annual time 

step was eventua lly chosen for the workshop model; however, water qua 1ity 

calculations were made on a monthly basis corresponding to monthly data avail ­

able at the workshop. Again, a finer resolution would be 'required for detailed 

water quality modeling but participants felt monthly calculations would provide 

a reasonable first approximation. 

, --. -- SLJBMo.DcLDE,E1NIJ.JO~ _ 

Based on the discussions of key actions and indicators, the Mobile Bay 

resource system was divided into five subsystems for more detailed discussion 

by subgroups of participants. Criteria for useful division of a system model 

intosubmodels at a workshop include: 

(1)	 minimizing information transfers between submodels (each subgroup 

considers a relatively isolated part of the whole system); 

(2)	 efficient allocation of participant expertise so that each submodel 

represents the concerns and expertise of a group of participants; 

and 
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(3)	 the purely practical consideration of fairly equal workloads for 

workshop facilitators so that participants have the opportunity to 

incorporate an· appropri ate amount of depth in thei r area of 

expertise. 

After considerable discussion, the following major components (submodels) 

were selected: 

(1)	 Industry - industrial development (and its consequences) and channel 

dredging; 

(2)	 Human Population/Economy - human population growth and changes in 

1oca 1 economy; 

(3)	 Land Use/Air Qual ity - changes in land use and air pollution; 

(4)	 Water - water quality and quantity of fresh surface water and 

groundwater, and Mobile Bay water quality; and 

(5)	 Fish - indicators of finrish and shellfish habitat quality. 

SUBMODEL INTERACTIONS 

Following submodel definition, workshop participants discussed the inter­

actions between major components of the resource system by constructing a 

Looking Outward Matrix (Fig. 2). The submodels described above were arrayed 

as both row and co 1umn headi ngs of a ma tri x. For each co 1umn of the matri x 

(i. e., for each component or submode 1), part i ci pants were asked what they 

needed to know about a11 of the other components (i. e., rowel ements wi thi n 

that column) in order to predict how their component would behave under various 

development or preservation alternatives. In other words, they were asked to 

look outward at the ways in which other biological, social, and economic parts 

of the system ~ffect their area or expertise. Note that this is a qualita­

tively different question than that which is usually posed in analyses where 
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experts are asked what information they can provide, rather than what informa­

tion is needed. 

Discussion of component interactions and identification of the information 

transfers in a Looking Outward Matrix is valuable in several ways. First, the 

exercise promotes interdisc.iplinary communication and broadens participants· 

understanding of the resource system of interest. Second, the Looking Outward 

Matrix lays the foundation for bUilding a simulation model. Submodel construc­

tion is a process of quantifying how the information requested in the matrix 

affects the variables of a particular submodel. If sufficient information 

exists, such relationships can usually be formulated. If not, an information 

gap or research need is identified. Third, the resulting simulation model can 

be used to test the sensitivity of information transfers. Sensitive transfers 

can be noted for further, more detailed, investigation .. 
Specific information transfers within the workshop model are presented in 

the Looking Outward Matrix (Fig. 2). Elements on the main diagonal of the 

matrix in Figure 2 are crossed out because they represent the internal dynamics 

of the subsystems, which are described in subsequent sections on submodel 

structures. 
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SUBMODEL STRUCTURES 

INDUSTRY SUBMODEL 

Responsibilities 

The Industry Subgroup was responsible for providing the structure and 

mechanisms to generate two types of information. One dealt with industry 

needs that must be met before development could occur. The remaining submodel 

output dealt with the results of industrial development. "Industryll for the 

purposes of this submodel referred to the following activities: chemical and 

petro-chemical production, oil and gas processing, ship bUilding, dock expan­

sion, power plants 1 
, ~nd offshore port faciliti~sl. 

The information requested by other subgroups to determine whether or not 

development could occur was facility site size (acres) and location, and, 

amount of surface and groundwater (mill ion ga 11 ons/day ,mgd) needed by the 

operation 2. Consequences of implementing the development used either by other 

submodels or by the workshop participants as indicators included: process 

water discharged (mgd); chemical oxygen demand (COD), biological oxygen demands 

(BOD), and trace metals 3 (tons/year) in discharged process water; air emissions 

(SOx' NO ' particulates, and hydrocarbons in tons/year); number of workers x 
-.,.~-- _.- r..e,q.u.i.r..e.d_Lo.r... ..c,o.lJ.s.tr.uc.tj.o.r:L .aJtd.o.p.e.r.a:t.i.Qn 2; .si.ze .of sbiRPj 1J,9..--chano.e _( 1 .g,:tJt,., 

width, depth in feet); number of barge trips/day 3; dredge spoil site require­

ments (by habitat type and number of acres); amount of dredge spon (mi 11 ion 

cubic yards/year); acres of wetlands created with dredge spoil; screening 

efficiency of water intake structures2; amount of solid wastes (million cubic 

yards/year)2; capital expenditures (cost of each facility and total costs); and 

the total costs of permi tt i ng de 1ays. 

" 

lSubgroup concensus was that this activity would not occur within the area of 
interest. 

2Not used by requesting submodel, not included. 

3Insufficient information available at workshop, not included. 
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The specific responsibilities listed above were designed to provide 

sufficient flexibility to simulate a broad range of development strategies. 

The three main features of the development scenarios were the type of devel­

opment (port expansion, oil and gas processing, etc.), the amount of expansion 

of each type of development, and the timing of the developments. 

Structure 

If a faci 1ity was schedu 1ed for deve 1opment in the current year, the 

number of acres needed for a particular facility site was calculated by: 

_ ACRES REQUIRED BY RELATIVENUMBER OF ACRES x (1)- SMALLEST FACILITY SIZE 

The Land Use/Air Qual ity Submodel checked to see if there were sufficient 

acres available for the facility and returned a yes-no indicator. If the Land 

Use/Air Quality Submodel indicated that the facility could be developed; 

capita1 expenditure s, numbers of con struct i on and ope rat ion s workers, amount 

of discharge water, and air and water emissions were calculated using the same 

approach described in equation (1). Values used to make these calculations 

are contained in Table 3. Capital costs of permitting delays were calculated 

by: 

FACILITY CAPITAL NUMBER OF YEARS PENALTYCOST = (2)COSTS x DELAYED x 

The penalty was set at 0.15 for all model runs. The subgroup members estimated 

that 18 acres for roads would be required for each facility regardless of 

type. In addition, they estimated that eac,h facility would need either 6 acres 

(Mobile County) or 4.5 acres (Baldwin County) for railroad right-of-way. 

The submodel generated four types of dredge spoil depending on the devel­

opment scenario. These were: maintenance spoil from the present 40-foot 
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Table J. Industrial developm~nt characteristics used in the Mobile Bay workshop model. . I 
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channe 1, maintenance spoi 1 from an expanded 40-foot channe1, spoi 1 from deepen­

ing the channel to 55-foot, and maintenance spoil from the 55-foot channel. 

Spoil was disposed of either by dumping in existing disposal sites and in the 

gulf, or by creating land fill for dock expansion and creating some wetlands 

(55-foot channel deepening only). No attempt was made to dispose of the 

dredge spoil in other habitat types when existing disposal sites were full. 

However, a record was maintained of the total spoil so that it could be 

compared with existing spoil disposal capacity. 

Limitations. The major limitations of the Industry Submodel fall into 

three general categories: spatial resolution, water and air quality feedbacks, 

and water budgets. Although reasonable estimates of the type, characteristics, 

and timing of industrial growth are available, the fact that the growth will 

probably be limited because of diminishing suitable sites is poorly represented 

in the model because the selected spatial scale is too large. In spite of the 

fact .that portions of Mobile County are currently unable to meet air quality 

standards, there was insufficient information available at the workshop 

(partially due to the spatial scale) to determine the impact of these criteria 

on additional industrial growth of any of the types represented in the model. 

Therefore, there was no feedback in the form of either denial of permission to 

build or a cost representation of required additional treatment of stack 

emmissions. 

The problem of increased BOD and COD contributions from new industry was 

more complex. First, there was insufficient information at the workshop to 

estimate the cost of treating the additional load. Secondly, because of the 

spatial scale, it is unknown if local biological effects of discharges that 

meet existing standards would be serious enough to cause siting limitations. 

The subgroup participants recognized that solid waste disposal sites may 

eventually be a significant factor in determining the extent of industrial 

growth; however, this factor is not represented in the model because of uncer­

tainty in how this would operate to limit industrial growth. The consensus of 

the subgroup was that there is currently a sufficient subsurface water supply 

for the projected growth in the Mobile area. However, concern was expressed 
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about increased saltwater intrusion into these aquifers. The subgroup partic­

ipants decided that this was an area needing additional study, possibly on a 

site-specific basis. Water discharged from industrial operations would, at 

best, overload eXi~ting and proposed treatment facilities and, at worst, have 

unknown environmental effects if discharged into adjacent water bodies. 

HUMAN POPULATION/ECONOMY SUBMODEL 

Responsibilities 

The Human Population/Economy Submodel was responsible for the calculation 

of the following variables: human population levels; employment rates; 

regi ona 1 economi cs; government servi ces; urban and recreat i ona 1 1and use 

requi rements; urban waste di sposa1; and i ndi cators of the "qua 1ity of 1i fe". 

Unfortunately, not all of these calculations were included in the comput~r 

model. Some were left out due to constraints of time, data, and conceptual 

development. 

The computer submodel did include population changes, employment rates, 

land uses, and waste di sposa 1. Also, to a mi nor degree, some components of 

quality of life were calculated. Many economic indicators and government' 

·-s·e·y.'v·;i<c'es--{·o.the.p·.thaR.-.wa.s.te~d,:i'5po.s.a,1.)--we r. e. ~r:1.O.t. In.cl.ude!i..tn.,,the ..m.o.d.eJ..... _ 

Structure 

Human population dynamics. The major assumption of the human population 

model was that the number of primary jobs (industrial and tourist) in the 

Mobile Bay region determines all population processes. There are many dif­

ficulties with this assumption. However, this limited view of population 

dynamics was sufficient to predict a reasonably accurate trend in pnpulation, 

particularly under the conditions of signific~nt industrial development which 

was the primary focus of the workshop. 
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In each year of simulation, the Industry Submode1 calculated the number 

of primary jobs by county (Mobile and Baldwin) and by industrial sector. Each 

primary job in these 'industria1 sectors generated additional employment in 

other industrial and service sectors of the two-county economy. An input­

output technique was used to trace the industrial growth through the rest of 

the economy, and to estimate the multiplier effects associated with these 

primary jobs (Table 4). Total employment used in the simulation model was 

calculated by applying an employment multiplier to the number of jobs in the 

various sectors. Primary employment in other sectors was estimated initially 

and held constant, with a multiplier of 1.0, throughout the simulation. The 

input-output methods used in this exercise are described in more detail in the 

WORKSHOP RESULTS section of this report. 

Table 4. Employment multipliers used in the Mobile Bay workshop model. 

Industrial Sector Employment multiplier 

New construction 

Chemical and petro-chemical 

Shipbuilding 

Oil and gas 

Ten-Tom docks 

Channel docks 

Offshore terminal 

Tourism 

All other sectors 

2.13 

2.96 

1.87 

3.25 

3.02 

3.02 

3.10 

* 

1. 00 

*Primary and indirect tourism jobs were calculated directly from tourist days. 
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Tourist jobs were estimated from tourism as a proportion of the number of 

touri st days: 

TOTAL JOBS	 NUMBER OF TOURIST x	 (3)DUE TO TOURISM = 0.0037 DAYS 

The total jobs were then divided into skilled and unski~led ~ai~~~ries. 

Data on these proportions were not available at the workshop so it was assumed 

that 85% of alrjobs were for skilled workers. 

Calculations of population growth and employment rates were done simulta­

neously. The number of skilled and unskilled jobs in the two counties was 

compared to the available labor force in the two counties and the following 

calculations were made: 

(1)	 If the number of skilled jobs was fewer than the number of skilred-­

workers then the workers were assumed to emigrate from the region. 

(2)	 If the number of unskilled workers exceeded the number of unskilled 

jobs the workers were assumed to remain in the region and contribute 

to unemployment. 

" ...	 -.._- ('"1 'f-f e number b-f-sK:fl1 ea-j o15s~exceeaea-the-$'k'i'Tl~eti-l'-a'lJo'r I'Ye-n­'''F-crr'E~ 

the deficit was made up from two sources: immigration of skilled 

workers and/or training of local unskilled workers. (A parameter 

representing the proportion of the deficit to come from training was 

included in the model to represent policies affecting training 

programs.) 

(4)	 If the number of unskilled jobs exceeded the unskilled labor force 

then unskilled workers were assumed to immigrate to the region to 

fill the jobs. The total population was then calculated by assuming 

an average labor force participation rate of 0.35. 

21
 



Land use. All non-industrial land requirements were assumed to be propor­

tional to the number of housing units, which in turn was proportional to 

population (3.7 people per unit). The land use requirements were calculated 

according to the following equations: 

ACRES FOR HOUSING = 0.400 x NUMBER OF HOUSING UNITS ( 4) 

ACRES FOR COMMERCIAL 
AND SERVICE = 0.043 x NUMBER OF HOUSING UNITS (5) 

ACRES FOR RECREATION = 0.650 x NUMBER OF HOUSING UNITS (6) 

MILES OF SHORELINE 
HOUSING 

FOR = 0.002 x ACRES FOR HOUSING (7) 

MILES OF SHORELINE 
RECREATION 

FOR = NUMBER OF PEOPLE / 5280 (8) 

There were no feedback mechanisms between land requirements and availabil ­

ity built into the model. It was assumed that population growth would not be 

constrained by the available land. If sufficient land was not available then 

the average density of people on the land would increase. 

Wastes. Several types of urban waste were di scussed in the workshop. 

However, only sewage was "included in the model. It was assumed most sewage 
was treated and the plants operated IIproperlyll. Fa i 1ures of the treatment 

plants due to accidents or flooding were handled by design of scenarios with 

altered discharge parameters. 

The sewage treatment parameters assumed for the model were: 

(1)	 100 gallons per person per day total discharge; 

(2)	 a BOD loading of 0.167 pounds per person per day; and 

(3)	 coliform counts (MPN) of 200 cells per 100 ml at the treatment plant 

outfall. 
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Crime rate. One of the major social components of "qua lity of life ll is 

the rate of crime. In the model it was assumed that the major determine~t of 

crime was unemployment. A preliminary analysis of the rela:tionship between 

crime and unemployment in Mobile County provided the basis for the hypothesis 

presented in F.igure 3. It was clear that a more careful analysis of these 

data and an expansion of the determinants that affect crime are needed. For 

example, income distribution, the level of government services, and the occupa~ 

tional distribution of employment are all known to affect the rate of crime. 

Limitations 

Given the level of detail 'attempted in the workshop there are three main 

areas where the human population model is weak and further modeling work would 

be useful: regional income; government revenue and services; and indicators 

of the qua 1i ty of 1i fe. 

Regional income. If the Industry Submodel produced expenditures and 

wages by industry type then an income lIinput-output multipl ier ll similar to the 

employment multiplier could be used to calculate regional income. Furthermore, 

by combining the effects of employment and income an attempt could be made to 

predict income distr'ibution, an indicator considered of important social 

consequence. 

Government revenues. By making some simple assumptions about the contri ­

butions of industrial and urban development to regional income it might be 

possible to estimate changes in revenues to governments under different devel­

opment scenarios and tax regimes. 

Government services. It might also be possible to calculate the costs of 

services, such as safety, transportation, or utilities (water, sewage treat­

ment) by assuming per capita requirements for each of these services. 

Indicators of the quality of life. Much progress has been made recently 

on analytical methods for identifying and measuring the importance of specific 

elements of the quality of life. Population density, occupational categories, 

human health, recreational opportunities including public access to the Gulf 
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FIGURE 3. Assumed relationship between crime rate and employment rate. 

and Bay, educational opportunities, income levels and income distribution, 

home ownership and new housing starts, and the availability of Government 

servi ces have all been analyzed for the Mobile Bay area. More effort is 

needed to link these elements with other economic and ecological indicators so 

they can playa more meaningful and realistic role in simulation models 

intended to describe environmental and socioeconomic systems. 
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LAND USE/AIR QUALITY SUBMODEL
 

Responsibilities 

This subgroup was broadly charged wiih representing changes in land use 

and habitat types,wildlife populations, and air quality. Time constraints 

limited what could be addressed at the work.shop. The Look.ing Outward Matrix 

(Fig. 2) indicates that most of the information requested by other submodels 

from the Land Use/Ai r Qua 1ity Submode 1 concerned acres of 1and, ei ther the 

current acreage in various land classification types or the acreage available 

for conversion to ~ new use. Thus, the subgroup focused on developing a land 

classification system and a set of rules to change the acreage in each land 

class in response to demands for land from the Industry and Human PQPulation/ 

Economy Submodels. Because many of the land use problems and conflicts in the 

Mobile Bay area involve the coastal zone and access to water, a shoreline 

classifi~ation system was also developed. Demands for various shoreline types 

were evaluated in concert with demands for acreage to determine changes in 

land and shoreline. 

Wildlife populations were Qot directly addressed. The changes in land 

and shoreline, which were modeled, represent broad changes in wildlife habitat. 

The translation of such changes to wildlife population dynamics would require 
,a f-i'fl'~I"-s'Jil'a.t-i.a.l pe"s.0»1.u,t,.i.o,n-,Gl.f_b1a.e.i;.;t;;a.t_a,s~.w,e.l_l_~a.s .x,p.l.i~c..i ~t..".t,r,e,a.i.meJJL_o. 

mortality and reproduction for each population. This effort was not feasible 

at the workshop itself. 

Air quality is a serious problem in the Mobile Bay area; all of Mobile 

County has been designated as a Primary Nonattainment Area for Photochemical 

Oxidants and por,tions of eastern Mobile County have been designated as Primary 

Nonattainment Areas for Particulates (Alabama Coastal Area Board 1980). Air 

quality is thus a potential limitation on growth in the Mobile Bay area, both 

through the general envi.ronmental quality and desirability of the area and, 

specifically, through -_administration of the Clean Air Act. The subgroup 

decided, however, that reasonable incorporation of ambient air quality indica­

tors and the feedback effects of air quality on various types of growth was. 
not possible within the scope of the workshop model. In large part this was 
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due to the spatial and legal complexities of air quality and air quality 

control. The approach taken was to simulate various loadings or emissions 

(SO, NO particulates, hydrocarbons) over the broad geographical scale ofI x x 
the model. The broad air quality consequences - in terms of loadings - could 

thus be examined for a variety of growth scenarios. The role of air qual ity 

limitations in shaping various growth scenarios was not addressed. 

Structure 

Land classification. Land was classified as one of nine types. The 

types identified were mutually exclusive and exhaustive; any parcel of land 

would be included in one and only one classification type. The initial classi ­

fication and subsequent changes considered Mobile and Baldwin Counties 

separately. 

Industrial land was defined as acreage in industrial use including fish 

processing and ship bUilding. The state docks were also included in this 

category. Swamp was defined as forested wetland. Marsh included all non­

forested wetlands - fresh, brackish, and salt water. Agriculture/Forestry was 

land being used for agriculture or forestry. 

Housing included the land associated with private dwellings, apartments, 

and condominiums. Commercial was land devoted to retail, wholesale, and 

financial activities. Services/Recreation was a diverse category including 

roads and railroads, communication facilities, utilities, government (excluding 

wetlands and state docks), cultural, entertainment, and recreational fac"il ­

ities (excluding wetlands). Businesses which were primarily a recreational 

service, such as a private marina, were classed as Service/Recreational. 

Vacant was pri vate, undeveloped 1and (excl udi ng Agri cul ture/Forestry and 

wetlands). Water was inland water bodies. 

Initial conditions for the various land classes (Table 5) were estimated 

from a variety of reports and maps representing land use and type during the 

period 1975-1980. They should not be considered precise estimates; the 
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emphasis in the workshop was on consideration of the relationships which will 

determi ne changes over the next 20-30 years, not on a preci se current 

de,scri pt ion. 

Shoreline classification. Much of the concern over potential environ­

menta 1 consequences of growth in the Mobile Bay a'Ylea, and the competition for, 

resources whi-ch wi 11 shape the patte-rn and di recti onof -that -grewth, l--s concen­

trated in the coastal area itself. Land use conflicts among industrial , 

recreational, and housing demands are likely to be much sharper in the more 

desirable areas that provide access to the bay. 

Table 5. Initial conditions of land classification in acres. 

Type Mobile County Baldwin County 

Industrial 

Wetlands 
Swamp 
Marsh 

Agriculture/Forestry 

Housing 
--~,--~ 

Commercial 

Services/Recreational 

Undeveloped 

Inland Water Bodies 

Total 

4,800 

7,400
 
4,200
 

530,300
 

35,200
 

4,000
 

51,800
 

66,900
 

22,300
 

726,900
 

600 

16-4,500 
9,600 

722,100 

9,700 

1,200 

27,400 

74,900 

46,-500 

1,056,500 
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In order to represent this situation at the spatial scale of the workshop 

model, a shoreline classification system was developed. Shoreline was sep­

arated into Beach and Waterfront (all other shoreline). Five uses were then 

delineated in both counties. No distinction was made between public and 

private ownership within each use type although the problem of limited public 

access is important, especially in Mobile county. The initial conditions for 

the shoreline classification (Table 6) were determined by visual examination 

of maps in conjunction with subgroup participants' knowledge of the area. 

Table 6. Initial conditions of shoreline classification in miles. 

Mobile County Baldwin County 
Use Beach Waterfront Beach Waterfront 

Housing 3 44 20 87 

Commercial 1 8 2 6 

Industrial/dredge 
disposal 0 13 0 0 

Recreational development 1 0 5 7 

Undeveloped 10 44 3 43 

Total 15 109 30 143 

Changes in land and shoreline. Demands for land and shoreline conversion 

were made each year by the Industry and Human Population/Economy Submodels. 

Demands for land and shoreline conversions by the Human Population/Economy 

Submodel were met from the undeveloped category, if possible. If insufficient 

land was available in the undeveloped category to meet total demand from both 

the Human Population/Economy and Industry Submodels, land was transferred from 

Agricultural/Forestry to undeveloped to allow the demand to be met. The 

amount transferred was 1.5 times the demand, accounting for a somewhat greater 

amount of land taken out of active production in a given year than would be 

effectively converted to land uses such as Housing or Industry in that same 
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year. Demands for shoreline conversions. (Beach and Waterfront) from the Human 

Population/EconomySubmodel were met from the respective undevelope~cate­

gories, ·if .poss3ble,. If no UndE:veloped Beach or Waterfront shorel ine remained, 

demands were not met and no conversions took place. Demands for land and 

shoreline conversions from the Human Population/Economy Submodel were evaluated 

independently; the assumption was that if additional housing, for. example, 

could not be located along the 'shoreline it would be located elsewhere. 

Demands for landandshore1fnefrom the Jndustry Submodel in a given year 

were evaluated in the s.ame manner as demands from the Human Popul at ion/Economy 

Submodel, with the following exceptions: 

(1)	 . Land and shore1i ne reques~s were Jormu-lated for each of the i ndus­

trial and transportation expansions considered. Sufficient land and 

shoreline had to be available to meet both the requests or neither 

of the requests wa~ met,for that activity in that year. 

(2)	 Waterfront ( non-Beach) was the onl yc lass of shorel i ne requested. 

Subgroup participants felt that the best projection of future wetland 

losses (conversions from this type to another) was a small, constant annual 

loss rate. Marshes were thus converted to UndeyeJoped (whi.ch was assumed to 
.,-_.- - b Gj,w.i.ck..l-¥.-cQ,n,v.e.r..t,e.d_t.o I.tb,e.r,: 

Populat.ion/Economy and Industry Submodels).at. an annual. rate of 0.83% in 

Mobile County and 0.16% in Baldwin County. Provisions were also made to allow 

any type of direct land and shoreline conversions in any y.ear so that other 

scenarios, such asa large destruction or creation of wetlands associated with 

a specific project, could be simulated. 

Air guality. Loadings (tons/year) of SO , NO , particulates, and hydro-x x 
carbons were calculated separately for Mobile and Baldwin Counties as the sum 

of an industrial emission of each type, as provided by the Industry Submodel, 

and a loading representing population-related and non-point source emissions. 

The population-related loadings were calculated by assuming they were directly 

proportional to population size. The proportions were estimated from current 

loadings and population sizes. This approach is obviously a very crude 
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representation of air quality dynamics; however, subgroup participants felt a 

more detailed representation of air quality, and its feedback limitations on 

additional growth and emissions, was not feasible at the spatial and temporal 

resolution of the workshop model. 

Limitations 

There are several major limitations of the Land Use/Air Quality Submodel 

as a representation of these aspects of the Mobile Bay area. Wildlife popula­

tions were not directly represented; air quality was superficially treated on 

the basis of annual loadings, rather than ambient concentrations, with no 

feedback on the factors producing the emissions; and the processes by which 

competition among various potential land uses is resolved were not represented 

at the level of detail at which such decisions are actually made. 

A much finer spatial scale would be required to develop more realistic 

representations of many of these processes. As noted in the Industry SUbmodel 

description, decisions about land use and, to some extent, atmospheric emis­

sions are made on a very restricted, site-specific basis. Land use changes 

are determined by a spatially complex set of zoning regulations, site charac­

teristics, and relative costs. Currently, air quality characteristics are an 

important factor for some industrial uses. Incorporation of this complexity 

was beyond the scope of the workshop model and could, in fact, obscure the 

broader environmental consequences of and constraints on general patterns of 

potential economic growth by focusing on detail. The importance of these 

spat i a1 factors suggests, however, that a deta i 1ed, computeri zed geographi c 

information system would be a valuable planning aid for the Mobile Bay area. 
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WATER SUBMODEL
 

Responsibilities 

The Water SUbmodel was responsibl~ for representing the potential effects 

of industrial and urban growth on thequant ity 'of fresh surfa;ce ,and groundwater 

and the water quali-ty of Mobile Bay. Basic information available from other 

submodels included amount of water withdrawn from freshwater suppl ies and 

quantity and concentration of va-rious consti'tuents in discharges 'into rivers, 

groundwater, and MCfbil e Bay. The task oJ the Water subgroup was to. formul ate 

mathematical expressions describing how these withdrawals and discharges might 

affect local water quality as reflected by indicators such as dissolved oxygen 

(DO), coliforms~ (MPN), and sa li'n ity; 

Structure 

Hydrodynamic and water quality models, for both surface and groundwater, 

typically require large sets of complex ~physica'l and chemical equations which 

need to be solved simultaneously at fairly detailed spatial and temporal 

resolutions. The U.S. Army Corps of Engineers Waterways Experiment Station in 

Vicksburg, Mississippi maintains such a hydrodynamic model which can be used 

to study circulation in Mobile Bay, and other hydrodynamic and water qual-ity 

·~-·mQ.GI,e~h_ba.v.e".;.b:e.e.1':1 ,e.v.e,10,p.ad f.o~r. ib.eb,a¥_(.;.e•••g•._, e.:,.t. all.d_£aJ:.rn.e.t...;.19.2fi;_AR· ,.o,d 

Raney 1979; Brady 1979). The complexity of these models.precluded their 

incorporation into the wor.kshop model during the time available. In addition, 

attempts 'to incorporate these mode 1s woul d have focused ,di scU'ssi on s on detail s 

of the models rather than on linkages, or interactions with other workshop 

submodels. It was therefore decided to build a simple water quantity and 

qua 1i ty submode 1 during the workshop. In .order to reduce the tasktosometh i ng 

manageable in the time available,severalini-tia'l assumptions we're made based 

on discussions within the subgroupa:nd with other subgroups: 

, . 

31
 



(1)	 Calculations would be made on a monthly basis for seven subdivisions 

of Mobile Bay and associated surface freshwater inflows (Fig. 1) and 

for the primary groundwater aquifer which underlies most of Mobile 

and Baldwin Counties. Participants felt this temporal and spatial 

resolution was inadequate for impact analysis and management 

decisions, but adequate for purposes of the workshop. 

(2)	 Adequate supplies of fresh surface water would not be a limiting 

factor for future development nor would these supplies be drastically 

altered by future development. The quantity of wi thdrawa 1sand 

discharges to rivers was therefore not explicitly modeled. 

(3)	 Groundwater hydrology and quality could not be modeled in detail but 

calculations would be made to indicate groundwater depletion and 

possible salt water intrusion. 

(4)	 Only water quality constituents of primary concern to the Fish, 

Human Population/Economy, and Industry Subgroups would be modeled 

initially. These constituents were salinity, dissolved oxygen, and 

feca 1 co 1iforms. 

(5)	 Water quality in each segment of the bay would be calculated from 

current conditions and changes in freshwater 'input and pollutant 

loadings to that segment associated with various future scenarios of 

interest. This approach provided a reasonable first approximation 

to spatial differences in water quality while avoiding complex water 

circulation modeling. 

Based on these assumptions, Water Submodel calculations were divided into 

five components: indicators of groundwater depletion and saltwater intrusion; 

freshwater inflows; and salinity, DO, and coliforms in Mobile Bay. The follow­

ing sections discuss formulations for each of these components. 

Groundwater. Most of the Mobile and Baldwin County area is underlain by 

the Miocene-Pliocene aquifer which has a total storage of approximately 61,000 

billion gallons and an approximate perennial yield of 1040 million gallons per 
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day (Alabama Coastal Area Borad 1980). The Water Submodel merely summed total 

urban and industrial groundwater pumping, as calculated by the Human 

Population/Economy and Industry Submodels respectively, a~d seta flag indicat­

ing overpumping and possible saltwater intrusion if more than 1040 mgd was 

being used. Areas around Bayou La Batre and Gulf Shores util ize separate 

alluvial aquifers or terrace deposits for many domestic. and a few public 

wells. These- sources have perennial yields of only one to several hundred 

mgd. Potential effects of development on these smaller aquifers and potential 

limitations on development by these lowperenn,ia,l yi.elds were not explicitly 

included in the model because of the spatial resolution chosen. However, 

these factors would have to be, cO.ns'i de red when evaluati ng the feas i bi 1ity and 

desirabil ity of continu.ed development in these areas. 

Freshwater inflows. Calculation of freshwater inflows to Mobile Bay were 

based on 25-year average flows for major contributing rivers. For each year 

in a model simul~tion, this average (39,500mgd ~ .365 days) was modified by a 

normally distributed random factor which approximated historical variability. 

in river flow-s due to owet and dry years. The annual freshwater inflow was 

then partitioned into inflows for each month ~as~d on the average proportion 

of annual flow which historically occurred in ,each month. This representation 

assumes that the volume and variability in natural river flows in the future 

wi 11 be si mil ar to that oc;:curring in the past. If the Tennessee~Tombigbee 

,---W·a.te,y:J.w,a-:y-i~s~~GQmp~l.e.t.ad., ddii.i.o.n.a.l :f.Y.'~e_sbwa1e.L..t[l w_·] f 0 

and closing locks upstream. In the Water Submodel, this additional 

calculated from projected lock'ages per day at Bay Springs (Fig. 4). With an 

average freshwater inflow of 39,500 mgd and a 7-day, la-year low flow of 

approximately 5,200 mgd, the maximum added inflow due to the Tennesee-Tombigbee 

(800 mgd) is not expected to be very significant. While the effects o'f the 

Tehnessee~Tombtgbee on freshwater inflows is not expected to besignificanf, 

the effect$ofassoci·~t~d industrial and urban expansion on water quality may 

be. 

Mobile Bay salinity. Salinity in Mobile Bay is determined primar-ily by 

freshwater i hfl ows ,'ti da 1 movements, and result"j ng circulation patterns. 

Because of limited time during the workshop, an empirical approach was ~aken 

to calculating salinity. Calculations for spatial subdivisions west of the 
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navigation channel (Fig. 1) were based on average salinities of 4, 16, 20, and 

26 parts per thousand (ppt) for areas 1, 2, 3, and 4 respectively. These 

salinities were decreased if freshwater inflow (calculated earlier) was greater 

than historical averages and increased if inflow was less than average. 

Salinity changes were calculated as: 

SALINITY (CALCULATED INFLOW) SEGMENT= x (9 )CHANGE AVERAGE FLOW SALINITY FACTOR 

where SEGMENT SALINITY FACTOR = 1.0, 1.2, 1.4, and 1.6 ppt for areas 1, 2, 3, 

and 4 respectively 

Salinities were assumed to increase 5% if the main navigation channel was 

enlarged. Salinities for spatial segments east of the navigation channel were 

initially conceptualized as 5% higher than the corresponding segment west of 

the channel. This was a crude attempt to represent the generally higher 

salinities east of the channel which result because the dredge spoil bank 

associated with the channel limits the influence of Mobile River inflows on 

these eastern segments. Average segment salinities, segment salinity factors, 

and the 5% factor for eastern segments were derived from Chermock (1974). 
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Mobile Bay dissolved oxygen. Very little information is available
 

concerning past dissolved oxygen (DO) dynamics in Mobile Bay (Schroeder 1979)
 

or potential effects on DO of increased growth and devel~pment in the area.
 

Yet low DO concentrations in the bay, from both natural and anthropogenic
 

causes, have periodically violated water quality standards and ,have been
 

implicated in many fish kills over the past'10 y~ars~ In an attempt to repre­


sent DO concentrations (in-part-s -per million, ppm) in MOBile Ba-y empir-ically,
 

the 100%,;oxygen so,lubi,lity concentrations for each spatial segment were calcu­


1ated based on sal inity ,water tem,perature, and the vapor pres'sure of, seawater
 

(Don Blancher, personal communication). Actual saturations were calculated by
 

mult i plyi ng -these concentrationiS ,by average monthly percent DO saturations for
 

each segment given current industrial and domestic loadings of biological
 

oxygen demand (SOD) and chemical oxygen demand (COD). The monthly percent
 

saturations were derived during the workshop from Loyacano and Smith (1~79)
 

and Marine Environmental Sciences Consortum (1979). Potential future increases
 

in i ndustri a land domestic loadings of BOD and COD were calculated by the
 

Indu-stryand Human Population/Economy Submodels and used in the Water Submodel
 

to calculate additional oxygen demand as follows:
 

ADDITIONAL OXYGEN DEMAND = .01 x e(INCREASE in BOD and COD) (10) 

where e = 2.71828------------------------------_.- ­

This formulation assumes that the effect of BOD and COD on DO will
 

increase with increased loadings. DO concentrations for each segment for each
 

month were calculated as:
 

DO =ACTUAL SATURATION - ADDITIONAL OXYGEN DEMAND (11 ) 

Mobile Bay coliforms. Although coliform bacteria are not pathogenic,
 

they are used to indicate the potential presence of pathogenic organisms with
 

which they are often associated. Direct tests for the pathogenic organisms
 

are too varied and time consuming to be of practical use, while water samples
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can be quickly analyzed for coliforms. Coliform counts in various parts of 

Mobile Bay have periodically violated water quality standards thereby closing 

these waters to shellfish harvest. 

Col iform counts in Mobile Bay result primarily from local municipal and 

industrial discharges and upstream discharges which enter the bay from the 

Mobile River. Col iform loadings from municipal and industrial discharges in 

each county were calculated by the Human Population/Economy and Industry 

Submodels. The Water Submodel partitioned these discharges into the various 

spatial segments of the bay based on estimates of the proportion of total 

discharges into each area. Coliform inputs from the Mobile River were calcu­

lated based on river flow (Fig. 5). 

Lim itat ion s 

The Water Submodel developed during the workshop provides a very simplis­

tic representation of a few water quality constitutents in Mobile Bay. Much 

of the simplicity in this submodel arises from the limited temporal and spatial 

resolution which could be dealt with during the workshop. For example, water 

quality changes occur in Mobile Bay on the order of hours while the submodel 

uses only monthly averages. Spatially, the submodel treats Mobile Bay as 

seven areas with water quality characterisitcs homogeneous within each segment. 

However, ciruclation patterns in Mobile Bay are relatively complex and vertical 

stratification is evident. While this submodel was adequate for purposes of 

the first workshop, future activities would require a much more detailed 

hydrodynamic and material transport model such as the one developed by April 

and Raney (1979). 
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FISH SUBMODEL 

Responsibilities 

Growth and development in the Mobile Bay area may potentially impact 

aquatic resources through: alteration of wetlands; changes in water quality 

(e.g., salinity, dissolved oxygen concen~rations, coliform counts); cha~gas in 

~~_.t,b,e-ma.g,IJ.i.t.u.d.e as desP. 0 i 1 dj s .os0;1iand chan es 

in the demand for recreational and. commercial fishing opport~nities (Fig. 2). 

The task of the Fish Subgroup was to formulate, insofar as possible, relation­

ships descri~ing the impacts of these changes on aquatic habitats (e.~., open 

water, wetlands, submerged grassb.eds, bay bo.ttoms), the fish (both fi nfi sh and 

shellfish) utilizing those habitats, and the recreational and commercial 

fishing industries. 

Structure 

Early in the subgroup discussions, participants realized that the impacts 

of growth and development on particular tracts of habitats such as submerged 

grassbeds would be very dependent on site-specific decisions (e.g., locations 

of shipping channels and dredge spoil disposal areas) that could not be 
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addressed in the broad spatia 1 framework chosen for the workshop mode 1i ng 

exercise. A preliminary decision was therefore made to concentrate subgroup 

efforts on wetlands, the open water, fish resources, and the fishing industry. 

Three species were initially chosen for representation in the model: brown 

shrimp (Penaeus aztecus), oysters (Crassostrea virginica), and spotted sea 

trout (Cynoscion nebulosus). Shrimp and oysters were chosen because of their 

importance to the commercial and recreational fisheries, and because of their 

very different life histories and habitat requirements. Spotted seatrout were 

chosen because of their importance to the recreational fishery and their 

potential importance as a predator on shrimp. 

Shrimp. Brown shrimp spawn in the Gulf of Mexico, principally during 

December and January, and immigrate into Mobile Bay as postlarvae from February 

through Mayor June (Heath 1979). Marshes surrounding Mobile Bay serve as 

nursery areas for the postlarvae, which feed largely on detritus. Juveniles 

move back into the bay before emigrating to the Gulf of Mexico. During the 

time they are in the bay they reach sexual maturity and are harvested. Those 

that escape the harvest return to the Gulf of Mexico to spawn. 

Heath (1979) reported no apparent relationship between the shrimp spawning 

stock in Mobile Bay and recruitment the following year at present levels of 

exploitation. While the commercial catch in Mobile Bay has declined in the 

1ast 15 years (Fi g. 6), fi shi ng effort has also decl i ned (Fi g. 7), and catch 

per unit effort (CPUE) has remained relatively constant (Fig. 8). The decline 

in total catch is thus attributed to a shift in the fishery toward offshore 

areas, rather than to a reduction in the population. Overfishing the shrimp 

stock to the point where the ability of the population to maintain itself is 

impaired does not appear to be economically feasible. Year to year variations 

in shrimp populations thus appear to be more closely related to environmental 

factors than to rates of exploitation or size of the spawning stock escaping 

to the Gulf of Mexico. 
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Since the size of the spawning stock apparently bears little direct 

relationship to the size of the shrimp population in the following year, it 

was not possible to model shrimp population dynamics explicitly. In lieu of a 

popul at ion dynami cs approach, part i ci pants attempted to construct simple 

indices that would reflect the impact of changing environmental conditions 

(e.g., salinity, dissolved oxygen concentration, wetlands available for nursery 

areas) that might result from growth and development on the catch of shrimp in 

Mobile Bay and on the overall suitability of the bay as shrimp habitat. 

Participants suggested that the number of postlarvae entering Mobile Bay 

in the spring, and hence the population available for harvest in the following 

summer and fall, is strongly related to salinity conditions, particularly in 

February. Regression analysis of the small amount of data available at the 

workshop tended to support this hypothesis (Figs. 9 and 10). The resulting 

regression equations were thus used in the model to predict potential catch 

and potential CPUE under the February salinity conditions generated by the 

Water Submodel. Potential values for catch and CPUE were then modified to 

reflect the impacts of two other factors: wetland acreage available for 

nursery areas (generated by the Land Use/Air Quality Submodel) and the propor­

tion of the bay having dissolved oxygen levels (generated by the Water 

Submodel) suitable for shrimp. 
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Changes in the number of wetland acres were accounted for by expressing 

the predicted number of wetland acres (from the Land Use/Air Quality Submodel) 

as a proportion of the current (1981) number of wetland acres, and mutiplying 

the result times the potential catch and the potential CPUE generated from the 

regress i on equations. Fi na 1 va 1ues for catch and CPUE were then computed by 

multiplying by a volume-weighted average representing the proportion of the 

bay having DO levels (as generated by the Water Submodel) acceptable to shrimp 

(> 2 ppm). 

One difficulty with this approach, of course, ;s that shrimp immigration 

to the bay is not solely a function of salinity conditions in February. 

Shrimp encountering salinity barriers in February may simply wait and immigrate 

when (and if) conditions improve. An attempt was made to overcome this diffi ­

culty by constructing a volume-weighted index of the suitability of salinity 

conditions for shrimp immigration for the period from February through June. 

For each 0 f the se m0 nth s, for each 0 f the are as 2-7 0 f the bay (Fi g. 1) , 

Figure 11 was used to compute an index of habitat suitability. The resulting 

values were weighted according to the volume of the bay sections and averaged 

to provide a composite index of the suitability of salinity conditions for 

shrimp immigration in a given year. 

Oysters. While the total area of productive oyster reefs in and around 

Mobile Bay has remained relatively constant over the past 80-90 years, centers 

of productivity have tended to shift toward the south and west (Eckmayer 

1979). The most productive reefs are presently located between Mississippi 

Sound and Mobile Bay. Certain of these reefs (e.g., Cedar Point Reef) are 

apparently being overharvested, while others (e.g., Sand Reef and Buoy Reef) 

are underharvested due to more difficult access and deeper water (Eckmayer 

1979). Overharvesting tends to reduce the amount of cultch available for 

future spat fall. Unfortunately, there was no information available at the 

workshop concerning the relationships between harvest, suitable habitat, and 

spat fall. Consequently, as with shrimp, it was not possible to model oyster 

population dynamics explicitly, and a habitat suitability approach was 

necessary. 
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Participants felt that two environmental factors, salinity andcolHorm 

counts, were most important in determining the suitability of Mobile Bay as 

oyster habitat 'and the:availabil ity of oysters for harvest. Simp:le indices 

for these two factors were constructed as follows. For each month, salinity 

(as computed by the Water Submodel) in area 4 of the bay (Fig. 1) was used to 

generate an oyster habitat suitabil ity index from Fi gure 12. The shape of 

Figure 12 reflects the fact that sal inity around 15 parts per thousand (ppt) 

---,,-r·e'J:>·~e>s·8'A.t-.s-a' ~'Q'0<i:l-G'Omp.)'aGlm4.-se~~g,e.t.w,e,er:J-t.h,e.-~e,q.u.i.r;e.m,er.1.t.s_o.f_o¥~.t.e,Y.'.s..".al:l.dt.b, 

requil"ements of thei t chi ef predator, the oyster ,drill (Th'a is hae'mostom'a). An 

annual index was calculated simply by averaging t-he monthly values. A second 

index, ,represent,ing .the ,:proport i on of the year that the oy.ster f.iishi ng season 

would beopen',~ waS' :talculated by summing the number of months havingco:l i form 

counts (computed by the Water Submodel) less than some number allowable from a 

public health point of view (14/100 ml); and expressing the total asa fraction 

of the year. 

'Spot,ted seatrout.' There was insufficient time avai lable 'at the workshop 

to permit incorporatian of spotted seatrout in the simulation model. 
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Limitations 

Limitations of the Fish Submodel can be generally grouped into two cat­

egories: those resulting from the broad spatial and temporal scale chosen for 

the workshop model, and those resulting from a habitat index approach. 

The first of these limitations has already been mentioned briefly. The 

broad spatial scale meant that site-specific decisions, which will no doubt be 

very important in Mobile Bay, concerning the proximity of development activ­

ities to important habitats could not be adequately considered in the model 

framework. Similarly, use of monthly average salinities to represent what are 

actually more short-term phenomena is undoubtedly an oversimplification. 

Perhaps more important, however, are the limitations inherent in using a 

habitat index approach instead of explicit modeling of population dynamics. 

First, the model contains no mechanism for carrying the results of one year's 

conditions forward to future years. While this may not be important for 

shrimp, oyster harvesting activities in one year certainly have implications 

for oyster populations in future years (Eckmayer 1979). The second limitation, 

which is closely related to the first, is that the model contains no explicit 

representation of the impact of harvest on population or the reverse. It was 
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thus not possible to consider such factors as the implications of different 

fishing regulations, or the contribution of the fishing industry to the local 

economy. Finally, the habitat index approach makes it extremely difficult to 

consider interactions between species. Thus, even if there had been time to 

consi der spotted seatrout , the habitat i ndexapproach waul d not have allowed 

consideration of their impact as predators on shrimp. 

------- --------------,.- -­
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SYSTEM MODEL
 

STRUCTURE 

The system model was composed of the fi ve submode 1s 1inked together 

through the interactions identified in the Looking Outward Matrix (Fig. 2). 

Each year's calculations were initiated by the Industry Submodel, which deter­

mined land and shoreline requests, development activities, and direct conse­

quences of development and operations in terms of primary jobs, emissions, 

water use and discharges, spoil disposal, and capital expenditures. The Human 

Population/Economy Submodel then calculated population and economic variables, 

including demand for land and shoreline, based on industrial activities and 

tourism growth. Next, the Land Use/Air Quality Submodel allocated land and 

shoreline for the following year based on requests from the preceding 

submodels. Air pollution emissions were also totaled based on variables 

supplied by the preceding submodels. 

The Water Submodel then calculated water flow and qual ity for each month 

in the year, utilizing discharge information provided by the Industry and 

Human Population/Economy Submodels. Finally, the Fish Submodel calculated 

several annual aquatic habitat indices and catch variables based on wetland 

acreage and monthly water quality information. The sequence of calculations 

was then repeated for each succeeding year of the simulation. 

BEHAVIOR 

In this section we present sample output generated with the workshop 

model. The output is organized into two scenarios. The first scenario 

represents a nominal or reference projection of development and its effects in 

the Mobile Bay area. Results from this scenario are presented in some detail 

to establish the basic model behavior. The second scenario projects larger 

and more rapid industrial growth. Discussion of the second scenario focuses 

on those variables that show large differences from the first scenario. 
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The scenario results are presented in terms of absolute quantities (acres, 

tons/year, parts per million). ,In ,so doing, we run the risk of imputing 
. " . . '. ­

greater accuracy to ,this initial model than is justified. We present the 

results in this fo~m hot because we necessarily b~lieve them to be accurate, 
. - ........ . "; . , .
 

but rather in the hop~ of promoting constructive di~cu~sion. Models cannot be 
, ', 

validated; like hypotheses, they can only be invalidated. Only by subjecting 

the model and its results to criticism can we establish-the -limits of its 

cred i bil i ty. In 'com'pa r'i ng scenari os, it shoul d therefore be remembered that 

genera 1 trends ~ 'and what they-, s.uggest about the representati ons of vari ous 

interactions - have greater importance than actual numbers. The numbers are 

included o~ly ~s points of reference and discussion. ' 

Scenario I 

Development activities in this scenario included: completion_ of the 

Tenness~e-Tombigbee project, which was activated in th~ 6th year of the simula­

tion; dock, expansion, which began in the first year and took 5 years to 

complete; and channel enlargement to 55 feet, which was initiated in the 5th 

year and completed- in the 10th year. Fourteen Chemical/Petrochemical facil­

ities were scheduled for construction within the first 24 years of simulation, 

nine small plants and three large plants in Mobile County and two large plants 

in Baldwin County. Five small Shipbuilding facilities -were scheduled for 

c,o,r:I.s,;t.r..u,c.i.i.D.n~,~i.n~.B.aldwjA.~Cr,CWJl;ty rrL' . __, _..;~~ e S.h5.p,,,,b.~u..:.i.Jo,;dl:!.W·oI.::l..-"'::o:::.Iooloool.~~ • 

were scheduled for Mobile County. The new Oil and Gas Exploration/Extraction 

support facil ities were all scheduled for Mobile County. One small, two 

medium, and two large facilities were planned. Thes~ activi~ies are described 

in more detail in the Industry Submodel description. 

-_. ­
The annual tourism growth rate was set at 1% in this scenario. Basic 

marsh loss rates were set at 0.8% annually in Mobile Oountyand 0.16% annually 

in Baldwin County. In addition, dock expansion was assumed to take place in 

such a way as to destroy 10 acres of marsh in the fi rst year and create 

132.6 acres per year in each of the 5 years of construction, yielding a net 

gain of 122.6 acres in year 1 and 132.6 acres in years 2 through 5. 
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The effect of permit and other administrative or legal delays was examined 

in this scenario by assuming a 2-year additional delay in Chemical/ 

Petrochemical activities scheduled in the first 10 years and a 3-year delay in 

Oil/Gas activities scheduled in the first 10 years. Costs of these delays 

were calculated as described in the Industry Submodel. 

Human population reached maxima of about 95,000 in Baldwin County and 

450,000 in Mobile County (Fig. 13). Populations fluctuated more strongly in 

earlier years in response to higher annual variation in the number of jobs 

during this period because of construction starts and completions. Undeveloped 

land and shore (the sum of Beach and Waterfront) declined in both Mobile and 

Baldwin Counties in response to development requests from the Industry and 

Human Population/Economy Submodels (Figs. 14 and 15). Marsh acreage declined 

at the preset annual loss rates after an initial period of increase in Mobile 

County resulting from wetland creation associated with dock expansion 

(Fig. 16). 

Total capital expenditures for the implemented development activities 

reached maxima of about $4.55 billion in Mobile County and $323 million in 

Baldwin County (Fig. 17). Delays that were introduced in Chemical/ 

Petrochemical and Oil/Gas projects during the first 10 years of the simulation 

added to the total cost of projects scheduled during this period (Fig. 18). 

Dredge spoil disposal exceeded current capacity after approximately 15 years 

(Fig. 19). The rate of spoil production increased after the first 5 years as 

the result of enlargement to the 55-foot channel. 

The Water Quality Submodel produced monthly patterns of flow and concen­

tration variables for each year of the simulation. Monthly output from the 

first year of the simulation is presented here to illustrate representative 

seasonal patterns of these variables. Mobile River flow varied from less than 

60 to nearly 300 billion gallons per month (Fig. 20) in the first year of the 

simulation. Col iform counts were strongly related to Mobile River flow and 

followed the same seasonal pattern (Fig. 21). Salinity was inversely related 

to river flow, with lower freshwater input producing less dilution from ocean 

levels (Fig. 22). Dissolved oxygen (DO) levels were lowest in the summer 
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months (Fig. 23) reflecting the effect of water temperature on oxygen solubil­

ity (higher temperatures lead to lower oxygen saturation values). Area 2 had 

more seasonal variation in dissolved oxygen. DO was lower in area 2 than 

area 4 in the summer months, when water temperatures were similar, because of 

higher BOD and COD loadings (from Mobile). Area 2 had generally higher DO 

than area 4 in the rest of the year when water temperatures were lower in 

area 2 than area 4. 

Air pollution loadings of total particulates increased in both Mobile and 

Baldwin Counti.es (Figs. 24 and 25). Loadings were considerably higher in 

Mobile County, with a maximum value of about 87,000 tons per year versus a 

maximum value of about 6,700 tons per year in Baldwin County. Emissions from 

the Industry Submodel represented an increasing fraction of the total in both 

counties. This trend was especially dramatic in Baldwin County. Industrial 

point emissions of total particulates first exceeded other sources in the 

fifth year of simulation and reached maximum values almost five times greater 

than emissions from other sources. Crime rate in the Mobile Bay area was 

represented in the model as a function of the level of unemployment. Unemploy­

ment, however, was relatively constant due to model assumptions about how 

population size was determined by the number of jobs. 

Brown shrimp landings (Fig. 26) were calculated in the model based on 

dissolved oxygen levels, February salinity, and wetland (marsh) acreage. None 

of these factors had much annual variation in the simulation run. Marsh 

acreage 'increased slightly early in the simulation and then declined slowly 

(Fig. 16), which is reflected in the long-term trend in brown shrimp landings 

(Fig. 26). Shorter term variation was related to February salinity. The 

effect of salinity on shrimp is also evident in the small variation in salinity 

related habitat suitability, plotted on a scale of a to 1, with 1 representing 

optimum conditions (Fig. 27). 

The suitability of oyster habitat with respect to salinity and coliforms 

did not have any clear trend in the simulation (Fig. 27). Coliform-related 

habitat suitability for oysters varied from about 0.65 to 0.75, corresponding 

to the simulated fraction of the year in which oyster beds would be open for 

harvest. 
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Scenario	 II 

In this scenario, the conditions of Scenario I were altered to represent 

a projection of higher growth. There were no delays of industrial activities 

beyond their scheduled initiation. Chemical/Petrochemical development was 

increased to twenty large facilities, fifteen in Mobile County and five in 

Baldwin County. ShipbUilding development was increased to twenty large facil ­
__,	 . t.i-e.s.,_"t.bit.t.e,e,o . n..J:1.o.bLte-C,o.u.r;lt.y_aru a d i _Cou 'tY-,--E to ~ 

the 55-foot channel was initiated in year 1 rather than year 5.- Annual marsh 

loss rates were doubled from those used in Scenario I and no wetlands creation 

resulted from the dock expansion. Finally, shoreline availability did not 

limit industrial activity; if adequate shoreline was not ava"ilc3,ble, it was 

assumed that development would proceed without additional water access. 

Human populatjon growth was ireater in this scenario, reaching maxima of 

about 507,000 in Mobile, County and 127,000 in Baldwin County (Fig. 28). Total 
. ,-	 " . '. 

capital expenditures were also larger than in Scenario I (Figs. 17 and 29). 

The larger population growth and industrial development of this Scenario II 

resulted in more rapid declines in undeveloped land and shoreline (Figs. 14 

and 30). 
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Particulate emissions were much higher than for Scenario I in Mobile 

County (Figs. 24 and 31) and slightly higher than for Scenario I in Baldwin 

County (Figs. 25 and 32). Increases in total particulate emissions closely 

tracked increases in industrial loadings in both counties. 

Annual shrimp catch declined slightly more in Scenario II than in 

Scenario I, due to slightly greater wetland losses (Figs. 26 and 33). Shrimp 

and oyster habitat suitabilities with respect to salinity were also slightly 

-- --d.;'f~f,.e.r..e.n.t_i.n_t,b.i.s-s.c.e.r.1.a.r....to~du.r_i.[l.gJb.e_p~e. . n:ty. aJ...te.re_dJ~y .j o~d-in_w,bj.(j)_s_g.l as 

earlier completion bf the 55-fo6tchannel. 

Summary 

Population growth and environmental alterations were determined in the 

model by implementation of specific development projects. Jobs associated 
-,". . ,- . 

with these projects produced population increases of approximately 30% for 

Mobil e County and 35% .for Ba 1dwi n County in Scenari 0 T, and 40% for Mobil e 

County and 70% for Baldwin County in Scenario II. Population maxima occurred 

in the first 7 to 20 years of simulation reflecting the sequence of anticipated 

projects and the temporary nature of construction activities associated with 

the projects. 
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Air pollution loading,s .. increased in the model as a result of this devel­

opment. In the case of total particulates, the increase was substantial and 

primarily associated with industrial emissions. Undeveloped land and shoreline 

decreased in response to expansion in industrial and residential land uses. 

Water quality, finfish habitat quality, and shellhsh habitat quality and 

catch were not appreciably affected by the projected developme·n't. 

__~__Ib.e_."r..e.s.ul:t..s......oj:_:t.b.e_.sjJ:n.jJ~a...t..;Lo eJ eGot t .e cq.mb..:Ln ed-J UlP. i ~ t jon s o.L._ _ _ __ __ 

the assumptions and relationships use¢ to construct the model. The principal 

value from examining the behavior of an initial workshop model is that the 

model provides a structure for asking the quesbions: "ls this behavior reason-

able?1I and, if 'it is not, IIWhat aspects of the real system were not adequately 

represented in the model?" The human population maxima for the 30-year simula­

tion of Scenario I are somewhat. higher (.7% for Baldwin County and 10% for 

Mobile County) than the population projections of the Alabama Coastal Area 

Board (1980) for year 2000. Furthermore, the model assumed that all the 

population growth is a direct or indirect result of a set of specific projects 

in several economic sectors. Thus, intrinisic growth in other sectors, which 

could produce additional population growth, was not considered. A possible 

resolution of these discrepancies is that Scenario I may have overestimated 

the actual number of specific projects which will be implemented. It is 
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also unlikely that the increase in total particulate loadings will occur as 

simulated by the model. Feedback from air pollution regulation was not 

incorporated in the model and will likely act to limit increases in emissions. 

Likewise, land use changes will most likely also include shifts from agricul­

ture and forestry rather than merely declines in undeveloped acreage. 

Several factors contribute to the small projected effects of development 

activities on many of the environmental and social indicators. Many of these 

effects are very site-specific and are not apparent at the broad spatial scale 

of the model. For examp 1e, co 1Horm content of Mobil e Bay as a whole is much 

more strongly determined by the Mobile River and its upstream loadings than by 

discharges directly into the Bay. Water quality at a particular site, however, 

might be strongly influenced by a particular municipal discharge into the Bay. 

If certain sites or types of habitat, such as specific types of wetland, are 

critical, then the broad spatial scale may underestimate the effects of their 

alteration. Participants in the Land Use/Air Quality subgroup felt that 

wetland loss rates were likely to be relatively small in the future regardless 

of development activities, with the possible exception of dock expansion. 

This assumption was based on confidence in the effectiveness of wetlands 

protection activities and is one of the reasons shrimp habitat and catch did 

not change appreci ably because both of these indicators were functions of 

marsh acreage in the model. 

Unemployment and crime rate did not change appreciably in the model 

because of the ease with which the population was assumed to adjust to changes 

in the number of jobs. In fact, the geographic, educational, social, and 

ethnic factors which act to limit the extent to which people move from place 

to place and job to job are probably much more important than they were 

portrayed as being in the model. Again the value of the workshop simulations 

themselves lies more in identifying what has not been represented than it does 

in quantitative predictions. 
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WORKSHOP RESULTS 

The workshop had three primary objectives: to identify major factors of 

economic development as they relate to growth in the Mobile Bay area; to 

identify the major associated en~ironmental and resource management issues; 

and to characterize the relatiohships among those economic and environmental 

fae-tors. These topics are discussed· below in the·con.text of interactions 

between the major components of the workshop mode 1. 

In the course of discussions at the workshop, it became apparent that an 

underlying motivation for many of the Mobile Bay area participants was to 

provi de for a more effective reso 1ut ion of confl i cts related to vari ous 

pattern s of growth and thei r associated economi c, human, and envi ronmenta 1 

consequences~The concluding section offers our ideas on some of the founda­

tions required for effective resolution o(the issues identified at the work­

shop. 

RELATIONSHIPS AMONG MAJOR ECONOMIC AND ENVIRONMENTAL FAcTORS 

Conceptual Model 

~_____ s~ of interaction s amon _G..Q!Tl onents of th~ Mo~il e _ 

Bay resource system represents a synthesis of participants ' comments expressed 

during the Looking Outward Matrix exercise. Numbers noted in brackets below 

correspond to numbered interactions in Figure .. 34 .. As indicated in the 

preceding section on simulation results, not all of these. int·eraction.s and 

relationships were ~dequately incorporated in the workshop simulation model. 

The intent of this discussion is to highlight key int~ra~tion~_af!l0ng components 

of the resource system rather than to describe all aspects of the resource 

system. These interactions are highl ighted because they often represent 

points at which various agencies and interests must interface in their attempts 

to deal with the complexities of a resource issue. More detailed descriptions 

of the natural resources of the Mobile Bay area and their use can be found in 

Loyacano and Smith (1979), U.S. Department of Commerce (1979), and Alabama 

Coastal Area Board (1980). 
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1. available workers, time to process permits 8. land available for development 

2.	 jobs, stimulation of local economy and 9. land developed
population, demand for services 

10. air pollutant emissions 
3. recreational and commercial harvest 

11. air quality
4. withdrawals from surface or groundwater 

12. dredge spoil disposal
5. fresh surface and groundwater quality 

13. wetlands 
6. Mobile Bay water quality 

14. agricultural runoff 
7.	 discharges to surface or groundwater, 

saltwater intrusion into groundwater 
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R~pid ...growth in ~9P.u·1.ation, 'industry, and resource developmen.t. in southern 

regions'of the Vnited Stat~sover the past decade has been attributed to a 

variety ,ct factors. such, as an a9undant andinexp~nsive.labor force [1.1, a mild 

climate, .. ancj·the .. availabiljtyof energy., water.[4,5J, land [8J, and .other 

natural resources. This growth is 'projected to continue in the foresee.abl.e. 

futur.e; A,~.i ndustryexpands further, the local .economy ts stimulated through. .'. '. '. . . . . ". .' 

i nc;rea?ed:. employment .and .tax. r~v~nues [2J. Thi s favorable economi.c _s i tuati.on 

ancLprosp:ec.:tt9f j.ob,s, a.s.well as·a mild climate, also,s.timulates a n.et in]!T1igra­

t·ion ,of, people into t~e area [2J, which results in urban expansion~., T~is 

inte~a.ction ~was represen~ed in the workshop simulation model by the creatio,n 

of jo.bs b.othdirectly and indirec,tly from specific; projects initiated by the 
'.,.. .... ~..' '" ". .' . 

Industry Submodel . 
• I'~ • .' .. 

.- ~'. ­

The combined industrial and urban expansion ~eans greater withdrawals of 

'surface and groundwater [4J for domestic, industrial cooling, a.nd industrial 

process use. An eventual',decline in groundwater supplies and saltwatar intru­

sion into groundwater [.7~c()uld result .from overpumping ofgr.oundwa.ter. In 

fact, saltwater intrusion is c,urrently occurring in the Mobile,.Dauphin Island, 

and Gul f Shor.es areas (U.S. Department of Commerce 1979). Increased water 

utilization~ill result in increased discharges to surface and groundwater [7J 

with poten·ti·any higher levels of biological and chemicaJoxygen demand., 

chemic;al~ such as trace metals and hydrocarbons, and domestic wastes as indi­

~~t Inc eased non- oint source dischar es urban storm 

w~terJunoff; septic tank, l,andfi 11, and dump seepage ; agricultural .. runoff) 

may also adversely affect water quality. Increased dredging associated with 

i ndustri a1 expans i on may also increase suspended anddeposi ted sediments in 

the bay. 

The degradation of water quality [6J in Mobile Bay, which might result 

from increased pollutant loadings, could have several effects. A decline in 

commercial and recreational fish (finfish and shellfish) harvest may result 

from an increase in direct mortality, a loss of suitable habitat, or an 

increase in the frequency and duration of closure' of certain fisheries (e.g., 

oysters) [6J. These potential effects were represented in the workshop model 

by brown shrimp catch and indices of habitat suitability for oysters and brown 

shrimp. None of these indicators showed large changes within the time horizon 
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of model simulation runs, however. Fish kills in the Mobile Delta associated 

with industrial and municipal discharges have occurred in the past (Tucker 

1979). Degradation of water quality may also cause a decline in recreational 

use of the bay and associated development. Thus, while industrial and urban 

expansion may initially stimulate the local economy in general, expansion may 

eventually depress certain segments of the economy. On the other hand, 

degradation of fresh water quality [5J may eventually limit further expansion 

because of inadequate supplies of fresh water for domestic and industrial use 

or because of violations of water quality standards. In fact, water quality 

standards for several parameters (DO, BOD, coliform bacteria, trace metals, 

nitrate, phosphate) have been violated periodically in the recent past (Brady 

1979; U.S. Department of Commerce 1979). At the very least, urban and 

industrial growth will require increased capital expenditures for additional 

water and sewage treatment facilities [8J. 

Increased population and industrial expansion may also result in increased 

air pollutant emissions [10J. Repeated violations of National Ambient Air 

Quality Standards may eventually constrain further development [11J. Portions 

of eastern Mobile County have already been designated as Areas of Primary 

Nonattainment and Secondary Nonattainment of Standards for Particulates. The 

entire county has been designated as a Primary Nonattainment Area for Photo­

chemical Oxidants (U.S. Department of Commerce 1979).1 In theory under the 

Clean Air Act, permits will not be issued in the future for proposed facilities 

which would increase particulate or photochemical oxidant levels in these 

areas. Even if permits are issued, long delays in this or other permitting 

processes may cause prospective industries to locate elsewhere to avoid costs 

associated with these delays [11J. 

1Primary standards are those necessary for protection of public health; 
secondary standards are those necessary to protect public welfare (including 
soils, water, vegetation, wildlife). For a review of the Clean Air Act see 
Avery and Schreiber (1979). 
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Industrial and urban growth will re·sult inland use changes in both 

Mob.i.le and Baldwin counties [9} .. These .changes could .adversely impact fishery 

resources [13J if wetlands are destl'oyed by ,developments s'uch a? dock expan­

sion. Certain types of wetlands are used· as nursery grounds for early,Jife 

stages of ·some commerc i ally importan.t ·fish .spec~i e s,. On "the other .hand, the se 

fi sheries might be favorably affected if dredge spoil di~posal is condlJcted so 

as to create these types of wetlands. Changes inland use may also constrain 

further industria,' expansion. [8] because of.,l.imitedland· with the proper 

combination,'of attribut.es.svitabcle fOr deve·lopment(e.g. j , shoT,eline or naviga~ 

tion.channel access, proper zoning, adeQuate air quality to allow permit~ing~ 

adequate clean.fresh water). 

Economic Input-Output Analysis .. 

The simula.tion model required estimates of the employment multipliers for 

various types of economic activity. These were obtained by an economic input­

output (1-0) analysis, or model, which also addresses several other interesting 

aspects of .economic actiyity in the a,rea. The ,results of this anaJysis are 

presented here as an example of the type of understanding which is not depend­

ent on the s i mul ati on model i tse 1f, but wh i ch is often gai ned throl:Jgh the 

ac-t-ivi,ty of cons,tructing,a simulat,ion -model. 

area econ-om is characterized bextensive interaction 

betweeni ndustria1 sectors. Each economic sector not only. produces goods and 

services, but is also a consumer, purchasing other goods and service·s for use 

in the production process. The inputs needed by a particular industry (ar 

sector) to produce the commodity it sells are outputs of other industries (or 

sectors). For example; if the shipbu-ilding industry is to ,build a new ship, 

it needs certain amounts of steel, welding materials, paint, and many other 

inputs that are produced by other i ndustri es. As these other industri es 

engage in thei r own production process, they in turn purchase inputs fram 

o,ther produci ng sectors of the economy, thereby generating more economi c 

activity. 

Not all of the expenditures by i ndustri a1 sectors for product i ve inputs 

are used to purchase raw materials or capital goods. Some money is also used 
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to hire labor. These workers spend their wages in somewhat predictable ways, 

giving rise to still further additions to economic activity. Input-output 

techniques are used to trace these "industrial interactions ll through the 

economy and estimate how expansion in a particular industry will affect other 

individual sectors as well as the employment, income, output, and population 

of the total two-county economy. 

The I-O model used at the Mobile Bay workshop was developed from a 

National I-O model that includes 466 industrial sectors. All of the counties 

in the country are represented in this National model, and the sum of all 

individual county activities is controlled to equal National totals for income, 

employment, and value added. Two hundred twenty of the 466 sectors in the 

National model are active in the Mobile and Baldwin County economies. These 

220 sectors were aggregated into 47 sectors in the 1-0 model built for the 

Mobile Bay workshop. Results showing the most relevant sectors are listed in 

Tables 7 and 8. 

Table 7 reflects the relative importance of several industries in generat­

ing employment in the 47 sector Mobile Bay area I-O model. The number of jobs 

reflects employment in the year 1977 as used in the National 1-0 model. The 

multipl iers show how many additional jobs would be created for each new job 

generated by expansion of a particular industry. For example, there were 

8,054 people directly employed in tourism in 1977, ranking tourism fifth among 

sectors providing employment. For each new job generated in the tourism 

secotr, about 1.39 additional jobs are created within other sectors of the two 

county economy. 

Table 8 shows the relative importance of several sectors in contributing 

to the value of goods and services produced in the Mobile Bay area economy. 

For example, in 1977 $131.5 million was added to the value of the two-county 

product by the chemi ca 1s industry. If the chemi ca 1 industry were to expand, 

$1.31 would be added to the value of products in other industries for each 

dollar added in the chemicals industry. 
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Table 7. Relative importance of Mobile area economic sectors 
in terms 6f~mployment. 

Sector Rank Jobs Multiplier 

Retail trade ---­ I­ 18;829 1. 59 

New construction 2 11,937 2.13 

Wholesale trade 3 9,350 1. 78 

Hea lth & social services 4 9,087 1.70 

Tourism 5 8,054 2.39 

Lodging & eating places 6 7,045 1. 75 

Financial & insurance 7 4,548 2.18 

Non-profit organizations 8 4,147 1. 58 

Maintenance construction 9 3,937 1. 95 

Paper mills 10 3,869 2.71 

Chemicals 11 3,541 3.03 

Water transportation 12 3,323 3.02 

----­ -­ _S.bJ.p_b.u.iJ.d-i.lJ,g._&_r..ap.a.· _13___ 2,)31____ 1.·..§.L___ -~- ... ', ... _----~-
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Table 8. Relative importance of Mobile area economic sectors in 
terms of total value added. 

Value added 
Sector Rank ($ million) Multiplier 

Real estate 

Retail trade 

Wholesale trade 

New construction 

Chemicals 

Health &social services 

Paper mills 

Maintenance construction 

Tourism 

Financial & insurance 

Water transportation 

Ship building &repair 

Petroleum refining 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9
 

10
 

12
 

23
 

25
 

437.9 

267.5 

215.1 

192 .1
 

131. 5
 

123.9 

116.9 

92.7 

88.9 

83.5 

69.7 

28.7 

27.2 

1. 27
 

1. 89
 

1. 70
 

2.39 

2.31 

2.05 

2.22 

1. 80
 

1.72 

2.28 

3.01 

2.21 

2.28 
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From this general' discussion, it is appirent that the·Mobile.Bay resource 

system is 'higMy complex. This complexity results from the "hi·gh degree of 

i nteracti on 'and feedba'ck among system components. Hopefully, :theworkshop 

activitiesdesc~ibed in this report have contributed to an integrative frame~ 

work for understand·ing this resource systema'nd planning bal'a'nceddeve 1opment 

i'n the Mobile Bay area. 

POUNDATWNSOF -EFFECTIVE CONFLICT RESDLUTION .... : ;'. L 

c Over the pa.stdecade ,'. the number of environmenta ldispuj:'_e,s ha:s ,incre.ased 

dramatic-any; often ending i'nprotracted- litigation. Whneen.Ni,ronmental. 

decis i o'ns 'made,'byi th'ecourts iha ve contributed to val uabl e po" i d'es, ·theco,sts 

have been high (Baldwin 1978). Liti.gati.on typically.i-nvolves larg,e expendi­

tures of public and private funds for legal fees and escalated costs of 

deve 1opment after..long cour·t-i mpo sed delays. The .1 a i gat i'on proces~s'a 1so 

tends to furthe"r. pol a rize"env i ronmen tal i st s" and. "deve 1op.e r.s II • These.p robJ ems 

ha.vemot i vated development of new procedures for resolving environmental 

di sputes. 

Environmenta·l mediation ·and othe'r forms· of ·-consensual~, env;.rommental 

conflict resolution have only recently been developed but have been useful in _ 

. ~_t limit~d instances in which the have been a li.ed Baldwftn 1978. This 

new approach examines conflicts as problems to be mutually solved (not court 

cases to be won) and explores more integrative soluti.ons wh,ichpromote,.a 

balance among diverse interests thereby allowing all sides to Il win ll in some 

sense (H'i 11 1982 ; Me'rn itz 1980). The env i. ronmenta 1 . medf,a t.i·on p race ss is thus 

interact i onaland -stresses understanding and .commun i ca,tiono,f thecomp lex it ies 

of the resource system.anddevelopment 'alternatives under>consideration. The 

goal is to achieve a common perspecti ve of the issue, (Hi}l 1982). A Ilthird 

party"typically.facilitates this communication process and subsequentcollab­

orattve solving of the environmental dispute. 

\ 

Environmental mediation is based la'rgelyon labor-management negotiation 

procedures but differs in several important ways (Baldwi.n 1978). First, labor 

negotiations are usually iterative, providing and opportunity lito come back 
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next year for a better deal". Consequences of environmental deci sions are 

often irrevocable. Second, effects of various wage and fringe benefit conces­

sions on corporate profits are usually well known and predictable while complex 

ecosystems and environmental effects of development are often poorly under­

stood. This uncertainty adds to the difficulty of resolving conflicts. 

Finally, labor-management negotiations typically involve two parties while 

envi ronmenta 1 di sputes often i nvo 1ve many part i es, each wi th di fferent 

interests at stake and different indicators of interest (e.g., Table 2). It 

is highly unlikely that all of these indicators can be simultaneously optimized 

to the satisfaction of all interests and the task of achieving acceptable 

trade-offs becomes more difficult as the number of affected parties increases. 

It is important, however, that the broadest spectrum of affected interests be 

included in the mediation process; the exclusion of one or more parties in a 

position to block implementation could negate a seemingly successful solution. 

The complexities of the economic and environmental systems under consider­

ation and the multiplicity of affected parties have several general implica­

tions for resolution of associated conflicts: clear communication and a 

common perspective are essential; development of effective trade-offs requires 

a thorough understanding of complex interactions; and, since uncertainty is 

unavoidable, the collaborative problem solving process should be adaptive. 

The AEA workshop discussed in this report provided a first step towards devel­

oping these foundations for effective conflict resolution. 

Communication and Reperception 

Conflict is primarily subjective; parties involved in past conflict 

resol ution workshops have often been surpri sed "to 1earn the extent to which 

they differed in perception of the conflictll (Hill 1982). The process of 

communicating perceptions of the conflict, synthesizing what is known, and 

objectively developing a reperception of the conflict has been highly produc­

tive for parties discussing possible resolution strategies (Hill 1982). 

Building a common perspective of the problem, breaking down sterotypes, and 

developing a common sense of purpose among participants are necessary prerequi­

sites for collaborative problem solving (Lee 1982). 
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The bounding exercise provided workshop participants with the opportunity
 

to communicate their perceptions of the management-and dev,elopment actions
 

which;mi~ht be taken in_the Mbbile area and the way in which they felt those
 

actions might influence indicators' oLin:te'r.est ,to them> The preliminary,
 

re:pr'esen:tat'ion of th'e ,Mob,i 1e Bay "area as an interact ing system he 1ped deve lop
 

a common, broader, more objective perspective (i .e., reperception) of the
 

Mobil e Bay a rea economi c-envi ronmenta 1 system. A major advantage of thi s
 

represen t'at ion i'sthat', i t,'d i rects attention to re 1at ;,o,n,sh i ps determining
 

change:as opposed to antnYent'ory or description of current 'conditions'.
 

The proces~ of~ransJatingthe generalunde~standin9 of Figure 34 to ,the
 

explicit mathematical for.m cofa simulation ,model reveaTed' a number of uncer­


tainties. These ranged: from',questionable approaches or' poor'ly substantiated
 

assumptions used in the model, to issues which were identified as important,
 

but whtch were not included in the model 0~ee LIMITATIONS sections of SUBMODEL
 

STRUCTURES, and APPENDI X). The are'as where a need for better understandi ng
 

was iderrtified included potential "problems related to hazardous waste .
 

transportation and d,isposal', including heavymeta,lS';i'nteractions between land
 

use and water access~ factors determining and representing economic and social
 

conditions; and furictional relationships determining fish and wildlife popula­


tions ...
 

----:r..~,e.r..e_w,a.s a-cQ,r:1.s.i.s.t.e.r.1.t_d.i.s.r:..u.s.s.i.o,r.1_a..t_tb.e.:..w.o;r..Is..s..b.o.p_c.o.n.c.e>r..n.:L[J.g~IlP.I:.Q.Ilr.:La:t.e_. _ 

spatial and temporal scales. Actual processes and resource decisions are 

often very s ite-specifi cand can thus require very detailed spatia land 

temporal scales. Conflict resolution will probably require such detailed 

information and analysis. This does not imply that the broad :spat,ialand 

temporal scale of the workshop model was a mistake. Changes and interactions 

are' occurring in the Mobile Bay area as a whole and they can easily be 

negl;ectedby focusing on individual sites and decisions. Often, the cumulative 

impact of a large numb.er of small decisions and changes - such as wetland 

alterations - is unacceptable, ~lthough the individual actions are reasonable 

when considered in isolation. Complimentary analyses are thus required at 

several spatial scales. 
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Development of shared purposes, undermining of stereotypes, and sharing 

of information among parties in environmental mediation situations can often 

be elicited by having participants work on specific tasks in small, heterogen­

eous groups (Lee 1982). The conceptualization and testing of submodels by 

small groups of participants at the AEA workshop represented an initial attempt 

to elicit these responses. 

In order to deal with the immense complexity and overload of often 

conflicting data inherent in most environmental mediation processes, mediation 

facilitators are increasingly using computers and simulation modeling to 

manage and retrieve data and project consequences of alternative proposal s 

(Strauss and Clark 1980; Johnson 1980). Computers can provide a consistent 

framework for communication among adversaries and enhance consensus-building 

capabilities of the process. While the simulation model developed at the 

first AEA workshop is not sufficiently technically refined or validated to 

support such an activity, the model does demonstrate the potential integration 

and communication which models can provide. Aspects of this are discussed in 

more detail in the following section (Trade-Off Analysis). The difficulties 

encountered at the workshop with the site-specific nature of many of the 

issues and, in particular, with water access and shoreline as critical 

resources, suggest that a computer-based, geographic information system would 

be a useful tool. Such systems can provide easily modified storage and 

portrayal of spatially complex data, and are available for a variety of spatial 

resolutions, costs, and computer systems. They are useful in themselves, as 

well as potentially contributing to a more detailed simulation model. 

Trade-Off Analysis 

Complex systems can exhibit complicated and non-linear behavior. This 

means that the trade-off relationships on which conflict resolution is based 

will not always be strictly proportional. This is especially true if the 

conflict involves complex biological phenomena, such as fish or wildlife 

populations which may exhibit thresholds and other non-linear responses. 

However, effective conflict resolution can take advantage of these 
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relationships - if they are understood and communicated - to identify promlslng 

areas of compromise, wher.e a relatively large benefit can be produced in one 

indicator with relatively little cost in terms of another indicator. 

For example, consider the trade-off generated by the workshop simulation- -_..­
model between annual municipal and indust~ial loading of coliform into area 4 ,. 
of Mobile Bay (potentially influenced by discharges 'from-the proposed Theodore 

I ndustri a1 outfa 11 i n area 3) and tne frci·ct1onof the y.ea r oyster beds are 

closed to harvest (Fig. 35). For the portion of the curve to the right of a 

discharge of about 4.5 x 10 14 coliform, if r~lat,i,velysmall decreases in 
, -, ­

discharge (e.g., a to a ' ) can be .made then relatively la~~e increase~ in the 

time oyster harvest is ()p~n C~.g:,b tp.,b ' ). can_rg'sult.:Oiminishing returns 
occur for discharge reductions to: the left of 4.5- x 10'14 coliform; these 

reductions result 'in' o'illy smallincreas:esin . . open oyster harvest. On the 
. . 

other hand, if small decreases in the time oyster beds are open is acceptable 

(e.g., c to c l 
), then relatively large increases in the coliform loading could 

be to 1erated (e. g., d to d I) wi th assumed concomit tant decreases in capi ta 1 

expenditures for treatment facilities. Trade~bff considerations such as this 

would, of course, also have to include the additional costs of treatment to 

attain discharge reductions and the value of the increased oyster harvest. 

Although the workshop model will not currently support this type of activity, 

Figure 35 demonstrates the way in which model ing of interactions' of many 

i!. .ftQ, u t' 0 9 0 th, i ndustri a1 deve 10 ment' sewa e treatment, oyster--- .- - ---------­
habitat requirements) can be used to suggest potentially productive areas for 

compromise discussions. 

Manage for Uncertainty 

Uncertainty' is. an unav6id~ble a.spect of decisions· c'Oncerning complex
," '. : ", • I~ ~.. ..,. , 

economi c-envi ronmenta 1 systems. Thi s uncertainty ari ses from an i ncomp 1ete 

understanding of the systems involved and unexpected events (changing economic 

conditions, technological innovations, unpredicted impacts) which may occur in 

the future and influence these systems and decisions associated with them. 

Even when decisions are mutually achieved, problems with implementation or 

changing circumstances may subsequently renew the conflict (Lee 1982). To the 
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extent possible, environmental mediations~ould be an open-ended process (Lee 

1982) approached from an adaptive management viewpoint (Hilborn 1978). The 

adaptive, manag~l1),ent philqsophy h?lds that in such situations, manaQemen~ ,or 

utilization decisions should be made not only on the basis of their expected 

results, but also for their utility in producing information needed to better 

understand,r,~the systern" and thei r probabl.e fl eJ:(t~i 1ity in ,respondi ng to, 

unexpected; events that ,i.nev,itablyoc,cur. In addition, a cont-inui.ng re1.ation­

shjp among affect~d ~parti'es should, be maintained, to facil itate adjustmen~s as 

ci rcum,stances, change. :- .' ' ",' ." ;, 

WORKSHOP, CONCLUSIONS 

Wor,kshopparticipants fea ,that the workshop m,odel ingprocess was a 

useful first step towards developing a mechanism for coordinated communication 

and,planning among agencies and interest groups and a framework for addressing 

controversial ,issues in a rationa,l, ,integra,ted .,manner. Participants expressed 

the need for such activities in the Mobile area and felt that continued model 

development and interaction of the various interests mi~ht be worthwhile for 

these reasons. In addition, participants suggested that the understanding of 

interactions among components of the Mobi·le Bay area sys~em which was de~eloped 

at the workshop be presented to managers and decisionmakers who were not at 

____~ or ~.bQp. Par:li~iRan"t? felt that this ._i!lctivit coul<!.J.urther facilitate 

interagencyplann"ing. The primary value of this in,itial modeling exercise has 

been in its use as a communications tool, not as a .tinaJ answer in itself. 

This perspective was well summarized by Don Blancher, a workshop participant, 

who commented: IIModels are to be used, but not necessarily believedl/. 
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-, APPEND~X 

MODEL LIMITATIONS AND RESEARCH NEEDS
 

A discussion period at the workshop was devoted to identifying limitations 

of the s-i,mvl~t1i~o.n~ fllo.ge;1 c.qnd ,limit?:t;.ion,s -of cbot,h data and, uncterst,anding of 

relationships which were identified in the process of model construction. 

These are pre.sented., below., ror,gani,zed bythesubmode.l a.r.eas-,--i;n ,.,a, . .form ,very 
• ., ",,, .' -" '::. •• ..... \. ,'~. ,., w _ ... • • ..... _ ~ 

similar to that in which they were recorded at the workshop. Many of the 

itemsar~ phra:se.d",'-~Is,!3,ugge s:t io ns_ for· [llodel i mprovE:rl)ent or t,qpJc son which 

information and understanding needs to be improved .. Mode.l~ 1}!!1~;tations and 

information or research needs are also discussed in theSUBMODEL STRUCTURES 

and WORKSHOP RESU LTS sect ion s of ,the bOpy ofth~, report. 

:":\" 

Industry 

1.	 High resolution model to locate specific s.ites fo,r dredge spoil 

disposal; 

2.	 Specific port requirements (e.g., marshalling yards);,. 

3.	 Potential for, a.nd consequent effects of, off:shore mineral extrac­

tion; 

4.	 More advance planning, and communcation of t.hat :planning, for off­

shore facilities; 

5.	 ,More infqrmation ~about the typ.es of industrial development 1ikely at .	 , 

specific sites; 

6.	 A more specific and better developed proposal for off-shore port 

facilities as an alternative to some on-shore port expansion; 
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7. Careful investigation of the need for additional electrical generat­

ing capacity; 

8.	 Better understanding of the potential of deep-well injection as a 

waste disposal alternative; 

9.	 Better information on hazardous waste disposal and transportation; 

10.	 More information on economic costs of permitting delays; 

11.	 Clearer understanding of water access requirements of various 

industries; and 

12.	 Additional information on industrial/transportation air pollutant 

emissions (e.g., heavy metals) due to both primary development and 

anticipated secondary growth. 

Terrestrial - Land Use/Air Quality 

1.	 Effects of various land use alternatives on specific wildlife 

species; 

2.	 More detail spatial resolution; 

3.	 Ability to track effects of institutional and legislative action on 

air quality; and 

4.	 Better understanding of shorel ine util ization, and access, and its 

dynamics in relation to industry, recreation, tourism, and critical 

habitat. 
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ttO // 

Water Quality 

1.	 Hydrodynami'c mode ring of the Bay, i nc'l udi ng 'trea'tment cofstrat ifi ca­

tion; 

2.	 Better understanding of whether heavy metals are a problem; and 

1:':3~'" ~E)(periments a'ndniode'11:ng to 'estimate the origins, rela'tive loadings, 

and fates of coliform bacteria, especially With respect to how well 

coliform counts indicate water quality if coliforms associated with 

:. .;"':'- p'u 1p:va"nd paper operat:ioc:in:s .dd not hayea s high a ,1 evel ,of:a s soc fa ted 

~. 'i..' pathogen's. . ., '. 0, , ••. '" : 

: T: 

Fish 

L	 Effec·:ts of overfishing on population dynamics of Mobi.le Bay species; 

2.	 Whether shrimp recruitment from the Gulf always adequate, and the 

vari-ability in recruitment; 

3.	 How catch per unit effort (CPUE) and total harvest in the Bay is 

changing over time for shrimp and-crabs; 

-----------------------:--------......------------- -- ­
4.	 Consideration of other species (e.g., oysters and speckled trout) ­

what information is available and how important these species are; 

and 

5.	 Effects on commercial fishing due to habitat destruction from 

pollution loadings and trace metals. 
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Human Population/Economics 

1.	 Better understanding of solid waste disposal situation; 

2.	 Quantitative methods to address "0ther Services" such as pol ice and 

fire protection; 

3.	 Predictions including more economic indicators (e.g., Gross Regional 

Product and Personal Income); 

4.	 Because it is difficult to aggregate variables into a single 

indicator "qua lity of life", some additional indicators needed 

include health, educational levels, crime, services (including 

recreational opportunities), and divorce rates. 

5.	 Availability of recreational opportunities and services can affect 

crime rates; 

6.	 Economic and social considerations have not been given adequate 

(balanced) consideration in the workshop model; and 

7.	 People moving to Mobile Bay for retirement and unemployable portion 

of population need to be considered. 
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