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THE REGIONAL ECONOMIC AND ENVIRONMENTAL EFFECTS

OF ALTERNATIVE DEVELOPMENT PROPOSALS

IN THE OREGON COASTAL ZONE:

AN APPLICATION OF INPUT-OUTPUT ANALYSIS

Bruce A. Weber and William J. Rompa*

ABSTRACT

An economic-environmental model is developed for a rural county
in Oregon's coastal zone. An input-output model is used to describe
economic linkages in the community and this model is linked with a model
which specifies the relationships between each of the 24 economic sectors
and 20 "environmental" sectors. The economic-environmental model is
used to estimate the direct and indirect Impacts of two alternative
proposed uses of port land: a new plant for processing Pacific whiting
and expansion of an existing tuna processing facility. Effects of these
facilities on regional income and selected regional environmental emissions
(atmospheric emissions, water-borne emissions, and solid waste) and
resource requirements (water and energy) are estimated. While the direct
effects on the economy are identical, the projects are found to have
very different total economic and environmental impacts, due primarily
to differences in local purchasing patterns of the two proposed projects.
The paper concludes with suggestions for use of the model in comprehensive
planning.

Increased public concern about environmental quality and increasing
recognition of the inter-relatedness of the economy and the environment
have led to a number of attempts in the past ten years to develop models
which describe economic and environmental inter-relationships for small
regional economies [Isard, et. al., 1972; Laurent and Hite, 1972; Roberts
and Rettig, 1975; Muangkoe, 1978; Johnson and Bennett, 1979]. All of
these studies construct input-output models to describe the relevant
regional economy and use information about resource requirements and
environmental emissions per dollar of sales to construct a model of the
relationships between economic activity and the environment. Typically,
they describe water use, water-borne emissions, air-borne emissions,
and solid waste which result from changes in economic activity. Perhaps
the major point which such models make is that all economic sectors
have either direct and indirect linkages with almost every environmental sect

* The authors are associate professor and instructor in the Department
of Agricultural and Resource Economics, Oregon State University, Corvallis
Oregon 97331.
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Even if a given sector does not "pollute" directly, for example, by
emitting carbon monoxide into the atmosphere, any expansion in that sector's
activity will almost certainly have the effect of increasing carbon
monoxide emissions because of that sector's economic relationship with
sectors which do emit carbon monoxide.

In this paper, an economic-environmental model is developed for a
rural county in the Oregon coastal zone. This model is then used to
analyze the impact on the economy and environment of the county of two
hypothetical proposals for the use of port lands: a new plant to process
Pacific whiting (hake), and expansion of an existing tuna processing
facility. The paper concludes with suggestions for use of the model
in comprehensive planning.

An Economic-Environmental Model of Clatsop County, Oregon

Clatsop County is an open rural coastal economy which is heavily
dependent for its economic vitality on three sectors: timber and wood
products, the seafood industry, and tourism. Almost 85 percent of the
business exports of the county (sales of county goods and services to
those outside the county) are attributable to these three sectors, with
over half of the total exports in the timber sector alone.

The model used to describe economic inter-relationships in this paper
is based on the input-output model developed by Carroll and Stoevener
(1978). Carroll and Stoevener constructed a 26-sector input-output model
which identifies the buying and selling patterns of each of the sectors
and the direct and indirect dollar Impacts on each sector of a one dollar
increase in the export sales of any given sector. In order to make this
model conformable to the environmental-economic linkage model described
in the next section, it was necessary to aggregate several of the sectors
into a 24-sector input-output model. Table 1 summarizes the basic infor
mation about the county economy contained In the 24-sector input-output
model: the value of total sales and of exports for each sector and the
multiplier for each sector (which gives the direct and indirect economic
given sector). From this table it is clear that the sectors which constitute
the primary economic base of the county (wood processing and seafood
processing) do not have very high multipliers.

Following Laurent and Hite (1972) and Roberts and Rettig (1975),
environmental-economic linkages are specified in this model by a three-
step process analagous to the steps in constructing an input-output model.
A matrix which identifies the "transactions" between each economic sector
and the environment is constructed. Previous models have emphasized water,
air pollution, and solid waste impacts. The model developed in this paper
considers energy impacts as well and builds upon an information base which
is considerably more complete than that which was available to earlier
researchers. The annual resource requirements (water and energy) and
environmental emissions (atmospheric, water-borne, and solid waste) of
each sector are identified and arrayed in a matrix with the 20 "environmental
sectors" as rows and each of the economic sectors as columns. Element a^i of
this matrix specifies the J-th economic sector's annual emission of the i-th
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Economic Profile of Clatsop County, Oregon, 1977
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Sector

Sales
<$000)

Percent of
Total Sales

(Z)
Exports
($000)

Percent of
Total Business
Exports Income

(X) Multiplier

1. Logging 39.451 6.0 29.392 8.4 2.42

2.

3.

Wood Processing

Paper Products

70.487

98,442

10.0

14.9
156,558 44.9

1.65

1.45

4. Fishermen 16.614 7.5 2,730 0.8 2.50

5. Seafood Processing 66,639 10.1 64,178 18.4 2.10

6. Fish Byproducts 3,533 0.5 «/ £/ 1.74

7. Agriculture 4,372 0.7 2.416 0.7 2.56

8. Manufacturing 13,251 2.0 13,434 3.9 1.95

9. Lodging 6,115 0.9 4,953 1.4 2.41

10. Restaurants 16,042 2.4 6.986 2.0 2.57

11. Service Stations 28,611 4.3 4,823 1.4 1.38

12. Automotive 21,697 3.3 4,255 1.2 1.52

13. Transportation 21,699 3.3 19.542 5.6 2.26

14. Communication 13,460 2.0 2,134 0.6 1.46

IS. Professional 12,997 2.0 5,954 1.7 2.75

16. Financial 8,628 1.3 2,434 0.7 3.02

17. Construction 29,136 4.4 4,340 1.2 2.52

18. Retail and Wholesale
Products 110,776 16.8 7,878 2.3 1.52

19. Retail Services 20,212 3.1 6,408 1.8 2.73

20. Education 22,402 3.4 7,808 2.2 2.99

21. County Government 4,996 0.8 1.534 0.4 2.82

22. City Government 11,659 1.8 670 0.2 2.41

23. Federal & State
Agencies in County

TOTAL

20.0S8

661.277

3.0

100.0

N/A

348,427

2.83

100.0

a/
Included in Manufacturing
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pollutant or requirement of the i-th resource. Resource requirements
have a positive value and environmental emissions have a negative value
in the matrix. On the premise that it is not unreasonable to assume
a constant linear relationship between sales and pollutants (and resource
requirements), a matrix of "direct environmental effects per dollar
of sales" is constructed by dividing the elements in all columns of
the "transactions" matrix by that column's annual sales.

The direct and indirect environmental effects of a one-dollar change
in export sales can be estimated by postmultiplying the "direct environ
mental effects per dollar of sales" matrix by the direct and indirect
coefficients matrix (the so-called Leontieff inverse matrix) of the
input-output model. Table 2 presents the results of this manipulation
for Clatsop County for three important sectors and the 20 environmental
sectors.

THE IMPACT OF ALTERNATIVE INDUSTRIAL

DEVELOPMENT PROPOSALS ON THE

REGIONAL ECONOMY AND ENVIRONMENT

The models described in the previous section have some potential
in the analysis of alternative development proposals. Such analysis
might be useful In a situation In which a port district or other local
government were faced with two industrial prospects wishing to purchase
or lease land in the local industrial park. If the prospects each expected
to generate the same amount of export sales, the local government might
wish to know which firm would generate more income or jobs in the community
or have less effect on certain critical public services or environmental
amenities.

In this section of the paper, the models will be applied in analyzing
the Impacts of two hypothetical proposals for industrial plants on the
regional economy and environment. The two proposals are for (1) a new
plant to process Pacific whiting (hake), and (2) an expansion of an
existing tuna processing plant. To make the impact comparisons easier
to interpret, each plant is assumed to have the same annual export sales:
$452,671. Although the proposals are hypothetical, they are based on
survey information obtained from operators of existing whiting and tuna
processing plants in Clatsop County, and thus are expected to reflect
accurately the likely purchasing patterns and technology employed by
any firms which might locate in the county.

The local purchasing pattern of each of the proposed plants is shown
in Table 3. While there are many sectors where the alternative proposals
have substantially different Impacts, the primary differences show up
in the commercial fishing sector and in the imports of the two plants.
Local fishermen receive three times the income from the whiting plant
than they would from the tuna plant and the tuna processor imports almost
five times as much in dollar terms as the whiting plant. Clearly one
would expect the whiting plant to have a greater local impact than the
tuna plant, for the same dollar volume of exports.

Weber
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TABLE 2. DIRECT AND INDIRECT ENVIRONMENTAL EFFECTS
PER DOLLAR OF FINAL DEMAND FOR SELECTED SECTORS

CLATSOP COUNTY

ENVIRONMENTAL EFFECT

RESOURCE REQUIREMENTS

DOMESTIC WATER (Gals.)

COOLING WATER (Gals.)

PROCESSING WATER (Gals.)

TOTAL WATER INTAKE (Gals.)

WOOD (Tons)

GAS & DIESEL (Gals.)

FUEL OIL (Gals.)

NATURAL GAS UO6 BTU)

ELECTRICITY (KWH)

ENVIRONMENTAL EMISSIONS

FINE PARTICULATES (Lbs.)

TOTAL PARTICULATES (Lbs.)

SULFUR OXIDES (Lbs.)

NITROGEN OXIDES (Lbs.)

CARBON MONOXIDE (Lbs.)

TOTAL ORGANICS (Lbs.)

OTHER INORGANICS (Lbs.)

WATER DISCHARGE (Gals.)

5 DAY BOD (Lbs.)

SUSPENDED SOLIDS (Lbs.)

SOLID WASTE (Cu. Yds.)

ECONOMIC SECTOR

PAPER PRODUCTS
SEAFOOD

PROCESSING LODGING

1.33899 2.24204 20.16709

.00158 .65885 .00197

132.0629 4.58523 .01295

133.4034 7.48611 20.18201

.00010 .00003 .00004

.01308 .04438 .04077

.06915 .01041 .47003

.04193 .01918 .01156

6.25739 .60896 3.59138

-.01031 -.00156 -.00170

-.01087 -.00188 -.01288

-.00231 -.00196 -.09214

-.01346 -.01181 -.03881

-.09942 -.05600 -.08374

-.00368 -.00912 -.01417

-.00179 - -

113.5193 -6.97938 -18.12791

-.01554 -.00630 -.00630

-.09679 -.00478 -.00486

-.00185 -.00055 -.00165
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TABLE 3 LOCAL EXPENDITURE PATTERNS OF
PROPOSED WHITING PROCESSING PLANT AND

EXPANDED TUNA PROCESSING PLANT

Sector

4 COMMERCIAL FISHERMEN

5 SEAFOOD PROCESSING

Whiting Plant

$268,800

8 MANUFACTURING (OTHER THAN WOOD
PRODUCTS AND FISH PROCESSING)

Tuna Plant

$71,658

5,432

8,329

9 LODGING 310 *

10 RESTAURANTS 310 *

11 SERVICE STATIONS 775 407

12 AUTOMOTIVE
- 181

13 TRANSPORTATION 9,920 724

14 COMMUNICATION - 905

15 PROFESSIONAL SERVICES 1,550 136

16 FINANCIAL -
45

17 CONSTRUCTION
-

45

IB RETAIL & WHOLESALE GOODS 13,020 13,309

19 RETAIL SERVICES
-

1,086

20 EDUCATION .** 860**

21 TAXES/FEES TO CLATSOP COUNTY 2,583** 91**

22 CITY TAXES/FEES 3.720** 1.584**

23 HOUSEHOLDS 93,744 74,102

24 FEDERAL/STATE TAXES 1,705 8,012

IMPORTS FROM OUTSIDE THE COUNTY 56.234 265.718

TOTAL $452,671 &452.671

* less than $25

** Since property taxes and fees are based on assessed value
and generally factors other than sales, these coefficients
arc expected to be unreliable.

Weber
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The estimated direct and indirect economic effects of the alternative
projects is shown in Table 4. The additional $452,671 annual sales
outside the county from the expanded tuna processing operation would
generate a total of $952,556 income in the county ($452,671 direct impact
and $499,885 indirect impact caused by the respending of the direct
increase in Income). The same amount of annual sales to outside the
county by the new Pacific whiting processing facility would generate
a total increase in county income of $1,443,451 ($452,671 direct impact
and $990,780 indirect impact). The difference is due primarily to the
differences in spending patterns noted above. The whiting processor
purchases almost exclusively from local fishermen as opposed to fishermen
who have other home ports, and spends a much higher proportion of his
total purchases hiring local household labor to work in the processing
plant. Local respending of these incomes from the whiting plant results
in sales by local businesses (Sector 9-19) being about twice what they
would be under the tuna processing alternative. Total local household
income is also almost twice as high under the whiting plant alternative.
In short, indirect income increases generated by a given amount of
increased exports are about twice as great for the whiting plant as
for the tuna plant. This is perhaps most clearly seen by comparing
the multipliers in the last row of Table 4. The multiplier for the
tuna plant is 2.10, indicating that each dollar of export sales in the
tuna processing sector generates an additional $1.10 in local income.
The multiplier of 3.19 of the whiting sector indicates that each dollar
of export sales is estimated to generate an additional $2.19 in local
sales.

This additional local economic activity which is generated by the
sales of the whiting plant is not an unmixed blessing. The greater
economic linkages between the whiting plant and other sectors in the
local economy means that the whiting plant may be expected to have a
greater direct and indirect environmental effect as well, requiring
more local resources and generating more emissions into the local environ
ment. A complete comparison of the direct and indirect environmental
effects of the two projects would require data on the direct resource
requirements and environmental emissions of the Pacific whiting plant
which were not available. A partial comparison of the environmental
effects is found in Table 5. If one compares only indirect environmental
effects (on the premise that direct environmental effects of the two
types of fish processing plants can be assumed to be at least of the
same order of magnitude) it is seen that the whiting plant has greater
indirect impacts in all categories except two: cooling water and process
ing water. The indirect effects are consistently about twice as great
for the whiting plant as they are for the tuna plant. In fact, for
all types of atmospheric emissions and energy requirements (except natural
gas) the indirect effects alone of the whiting plant exceed by considerable
margins the direct and indirect effects of the tuna processing plant.

Knowledge about environmental effects, particularly when combined
with information about the capacities of the local water, sewer and
solid waste facilities, can assist local governments and industrial
development committees in choosing among alternative projects or preparing
for the impacts of industries which locate in a community.

Weber
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TABLE 4 DIRECT AND INDIRECT ECONOMIC EFFECTS OF
ALTERNATIVE INDUSTRIAL PEVELOPMEKT PROJECTS

DIRECT EFFECT

INDIRECT EFFECT

1. Logging

2. Wood Processing

3. Paper Products

4. Fishermen

5. Seafood Processing

6. Fish Byproducts

7. Agriculture

8. Manufacturing

9. Lodging

10. Restaurants

11. Service Stations

12. Automotive

13. Transportation

14. Cotnaunication

15. Professional

16. Financial

17. Construction

18. Retail and Wholesale Goods

19. Retail Services

20. Education

21. County Covcrnncnt

22. City Government

23. Households

24. Federal and State Government

TOTAL

Multiplier

New Pacific Whiting
Processing Plant

452.671

31

570

274.399

2,077

2,078

2.536

1,989

14,398

43,420

32,194

11,898

17,069

13,415

10,166

24,485

173.285

24.986

11.572

6,882

13.996

296,634

13.069

1,443,451

3.19

Expansion of Existing
Tuna Processing Plant

452.671

19

316

94,673

7,063

1,463

9.US

941

7,613

20,959

16,168

1.619

10,173

6.116

5,079

13.065

96.518

12.548

8,282

2.569

7.891

163.103

14.521

952,556

2.19

Weber
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TABLE 5 ANNUAL ENVIRONMENTAL IMPACT OF ALTERNATIVE
INDUSTRIAL DEVELOPMENT PROJECTS

RESOURCE REQUIREMENTS

DOMESTIC WATER (Gals)

COOLING WATER (Gals)

PROCESSING WATER (Cals)

TOTAL WATER INTAKE (Cals)

WOOD (Tons)

GAS & DIESEL (Gals)

FUEL OIL (Cals)

NATURAL GAS UO6 BTU)

ELECTRICITY (KWII)

ENVIRONMENTAL EMISSIONS

FINE PARTICULATES (lbs)

TOTAL PARTICULATES (lbs)

^ SULFUR OXIDES (lbs)
M
S, NITROGEN OXIDES (lbs)

§ CARBON MONOXIDE (lbs)
S

TOTAL ORCANICS (lbs)

OTHER INORGANICS (lbs)

WATER DISKCHARGE (Cals)

5 DAY BOD (lbs)

SUSPENDED SOLIDS (lbs)

ISOLID WASTE (cu. yds)

WHIT1BC PLANT TUNA P -ANT

Direct

Impacts
Indirect
Impacts

1.834,776

Direct
Impacts

22,041

Indirect
Impacts

992.864

1,428 293.611 4,629

* 9,538 2,043,624 31.975

* 1,845,743 2,359.276 1.029.46B

15 - 14

49,600 - 20.088

5,462 1,059 3.653

6,994 4.753 3,931

* 311,276 102.851 172,808

1,474

1,761

1,453

13.289

53.154

8.787

32 672

32 818

253 633

177 5.169

25,352

27 4,102

1.640.583 2 241.314 918.050

569 2.508 344

439 1,901 263

87 199 52

* Direct environmental effects expected to be significant.

Weber
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Limitations of the Mode1

These models are, of course, not without limitations. Most serious
are the assumptions of (1) linearity In both the economic and environmental
systems, and (2) constant production (including waste treatment) technology.
With respect to the economic system, these assumptions imply that firms
and households have the same purchasing patterns (i.e., make the same
percentages of their purchases from each sector) at all levels of sales
and income and no matter how technology or prices change. With respect
to the environmental system, the assumptions imply that firms and
households will emit the same air, water and solid waste pollutants
and require the same energy and water resources, given a change in sales
(income), at all levels of sales (Income) and no matter what happens
to technology and prices. These limitations are probably more serious
in the environmental system than the economic system although they are
not insignificant in either system. To the extent that these models
are used in analyzing short run changes or changes which do not affect
the structure of the economy in any major way, the limitations are less
serious. Use of the models in comprehensive planning should be made
with these limitations in mind.

Making inferences from the Clatsop County model about environmental
effects of economic changes in other regions should be done with extreme
caution. The economic linkages in the input-output model and the tech-
noligical relationships embedded in the economic-environmental matrices
are specific to Clatsop County. Generalization from the Clatsop County
model to other regions should not be done without careful study.

Another serious limitation of this model is that pollution in one
part of a region Is more serious than pollution in another location.
The assimilative capacities of the air and water are quite different
from one location to another. One fruitful attempt to address this
problem is found in Johnson and Bennett (1979) who attempt to attach
a water quality index to the economic-environmental model. This
allows them to determine not only the amount of water pollution generated
by a given project but Its effect on water quality as well.

Economic-Environmental Models and Comprehensive Planning

Economic-environmental models such as the one developed in this
paper have been used in two principal ways: (1) analysis of environmental
and economic impacts of individual projects, as in this paper and in
Isard et al. (1972) Johnson and Bennett (1979) and Roberts and Rettig
(1975); (2) analysis of environmental impacts of a projected regional
income increase, as in Laurent and Hite (1972) and Roberts and Rettig
(1975). In the latter analysis, a long range income forecast is projected
by sector to some distant future year and the environmental repercussions
of such a forecast is projected. This latter use suggests a potential
value of such models in comprehensive planning which, to our knowledge,
remains untapped: the analysis of alternative growth scenarios.

Comprehensive planning, as practiced in Oregon at least, is an
attempt to determine community goals and objectives and to devise public
policies which direct a community towards its goals. A critical issue

Weber
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in the selection of goals is the "proper" mix of economic activity
(jobs, income) and environmental quality. Planners are accustomed to
developing "scenarios" which describe alternative levels and mixes of
economic activity or alternative changes in the community economic
base. The economic-environmental models could quite easily be used
to assess the environmental impacts of alternative economic scenarios.
This information could be used by a community, along with information
about the environmental constraints and capacities of the water, sewer
and solid waste systems, to select the economic scenario which most
closely fits its needs and capabilities. Similarly, once a "most likely"
or "most desirable" growth path is determined, the models can be helpful
in planning for the public service and community facility needs
associated with this growth path.
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The Networking Approach to Coastal Zone Management
Its Promise and It's Pitfalls

by

Earl H. Bradley, Jr.1

Abstract

Maryland's Coastal Zone Management Program was approved on
September 30, 1978. The Program utilizes a networking approach to pro
gram implementation. This program basically entails (1) providing a
unified policy framework to guide the activities of state and local
governmental agencies concerned with coastal resources and activities;
(2) providing technical and financial assistance to such agencies so
that they can undertake their activities in a more effective manner;
and, 13) promoting coordination among such agencies to ensure that they
carry out their activities in a manner consistent with the Program's
policies. The purpose of this paper is to discuss the strengths and
weaknesses of the networking approach based on one year's experience of
program implementation.

.... Tnf strengths of the networking approach lie in its greater accepta
bility by state and local agencies, the avoidance of legislative
struggles to pass comprehensive Coastal Zone Management legislation, and
the ability to concentrate on pressing issues previously not adequately
addressed by state and local governmental programs rather than being
bogged down in the processing of routine permits.

The weaknesses of the Program lie in the difficulty of precisely
defining the role of the administrative unit charged with ensuring the
effective implementation of the Program in relation to ongoing state and
local governmental programs which provide the regulatory base for
Maryland's Coastal Zone Management Program.

Introduction

Maryland's Coastal Zone Management Program was approved on
September 30, 1978. The extent of the program's coverage includes the
tidal waters of the State and Baltimore City and the sixteen coastal
counties bordering the Atlantic Ocean, the Chesapeake Bay and the
Potomac River below Washington, D.C. The Program utilizes a networking
approach to program implementation. This approach basically entails

'Chief, Intergovernmental Coordination Section, Coastal Resources
Division, Tidewater Administration, Maryland Department of Natural
Resources.
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(1) providing a unified policy framework to guide the activities of
state and local governmental agencies concerned with coastal resources
and activities; (2) providing technical and financial assistance to such
agencies so that they can undertake their activities in a more effective
manner; and (3) promoting coordination among such agencies to ensure
that they carry out their activities in a manner consistent with the
Program's policies. The purpose of this paper is to discuss the strengths
and weaknesses of this networking approach based on one year's experience
of program implementation.

Development of Maryland's Coastal Zone Management Program through a
Networking Approach

The State of Maryland adopted the networking approach to coastal
zone management for several reasons. First, by the summer of 1974 when
the State first received funding under the provisions of the Federal
Coastal Zone Management Act, it has already established several programs
aimed at the protection and orderly development of its coastal resources -
a wetlands permit program, a waterways obstruction/construction permit
program which covered the 100 year river floodplain, a sediment control
program, a power plant siting program, a program for the acquisition of
open space and recreation areas at the State and local levels, and a
state water quality program. In addition, the 1974 legislative session
enacted two additional pertinent pieces of legislation, a State Land Use
Act which established a critical areas program and gave the State the
right to intervene in any local land use decision of greater than local
concern, and a Beach Erosion Control District Act which protects the
State's Atlantic Coast beaches from encroachment. In addition, local
governments all had developed comprehensive plans, zoning ordinances,
and water and sewer plans. Thus, there was a reluctance at several
levels to pass coastal zone management legislation which could be
viewed as adding another layer of bureaucracy to the management of
coastal resources.

There was felt a need to pass legislation to fill two gaps in the
existing legislative framework. This recognition led to the passage of
a Coastal Facilities Review Act in 1975 which provided a mechanism for
regulating the siting of oil and natural gas and associated support
facilities in Maryland's coastal counties and a Flood Control-Watershed
Management Act in 1976 which provided a mechanism for coordinating state
floodplain management efforts, the Federal flood insurance program and
related efforts.

The main thrust of the program development efforts in Maryland was
focused in three areas: first, on developing a set of goals and
objectives relating to coastal resources and activities to provide
unified policy framework for implementing State and local government
programs dealing with coastal resources and activities; second, on
providing technical and financial assistance to such programs to promote
their effective implementation; and third, on promoting coordination
among such programs to ensure that all relevant coastal resource issues
were addressed in a manner consistent with the common set of goals and
objectives.

Bradley
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Thus, much of the Coastal Zone Program development effort in
Maryland was spent on identifying and obtaining agreement on a set of
goals, objectives and policies pertaining to each coastal activity of
concern based on existing laws and regulations and on developing an
implementation mechanism to ensure that coastal resource-related programs
were carried out 1n a manner consistent with the program's goals,
objectives,and policies. An Executive Order was Issued mandating that
State agencies carry out their activities in a manner consistent with
the goals, objectives, and policies of the program. Memoranda of
Understanding between the Department of Natural Resources and other
State agencies were agreed upon specifying the mechanisms that would be
utilized by each agency to carry out the program, and a Secretarial
Order was issued within the Department of Natural Resources to ensure
consistency of Departmental actions. One unit within the Department of
Natural Resources, the Coastal Zone Unit of the Energy and Coastal Zone
Administration was given responsibility for acting as a catalyst to
ensure that the program was effectively implemented. Two procedures
were established to enable the Coastal Zone Unit to carry out Its
responsibility to ensure that all relevant coastal management Issues are
effectively addressed-project evaluation and program review.

The purpose of the project evaluation process is to ensure adequate
review of projects in coastal areas by identifying and comprehensively
evaluating those projects needing special attention because of their
potential impact on coastal resources. Particular attention Is focused
in cases where existing information is inadequate to base management
decisions and additional study is needed to Insure that all relevant
Issues are adequately addressed.

The purpose of the program review process Is to provide a means for
reviewing existing programs and procedures dealing with coastal resources
and activities for their consistency with the CZM Program. It Is used to
review the implications of proposed legislation affecting coastal
resources, issuance of new or amended regulations, development or
revision of state and regional plans and local comprehensive plans and
zoning ordinances, and similar actions. The purpose of this review
process 1s to create a forum in which all program participants - govern
mental agencies, special interest groups, and citizen organizations can
define conflicts or inconsistencies between programs involving coastal
resources, and make formal proposals for administrative or legislative
remedies. The Coastal Zone Unit of DNR was given the responsibility
for conducting these reviews in conjunction with other State agencies
and local governments.

To provide a sound technical basis for Implementation of Maryland's
Coastal Zone Management Program, a number of technical studies were
undertaken including the Tidal Wetlands Study, the Upland Natural Areas
Study, the Historic Shoreline and Erosion Rates and the Shoreline
Structures in Maryland: Their Location and Extent map portfolios,
the Major Facilities Study, support of the Chesapeake Bay Earth
Science Study, and flood-plain delineation efforts In conjunction with
the State's flood-plain management program. The results of these
studies are being used to improve the effectiveness of the management
programs which provide the regulatory basis for the program. Such
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programs include the State's Wetlands Permit Program, Water Quality
Programs, Critical Areas Program, and Flood Control-Watershed Manage
ment Program.

Actual Implementation of the Program

The remainder of this paper will be devoted to an analysis of how
well the strategy developed for implementing the program has worked out,
I believe that the program's first year of implementation had some
difficulties but that a framework has been laid for more effective
implementation of the program in future years. To a certain extent,
many of the features of the program that give it much potential for
success have pitfalls that need to be avoided if the program is to be
truly successful.

Since the unit that has direct responsibility for implementing the
program is not in a dictatorial position, considerable effort must be
expended to define and evaluate the relationship of its activities to
ongoing programs and permit actions. Within the permitting activities
of the Department of Natural Resources, inhouse working relationships
have been generally established and several positive contributions are
being made both with regard to providing a better information base on
which management decisions can be made and on resolving agency conflicts.
For example, on a proposal regarding the siting of a marina financed
by the State Waterways Improvement Program, a revised plan developed
by the Unit reduced the adverse impact of the proposed marina on tidal
wetlands while providing approximately as many recreational boating
docking facilities. The Unit has also provided much needed expertise
on recreational boating facility proposals to the State Wetlands
Permit Program, developed State mooring buoy regulations, and has
assisted one county and is assisting several others in revising their
regulations dealing with the siting of marinas and other recreational
boating facilities.

However, in some of its project evaluation efforts, the Coastal
Zone Unit tried to address too many issues in a comprehensive fashion
and as a result much of the information developed was not developed in
a form or a timeframe useful to agencies making regulatory decisions
on projects in the areas studied. As a result, more attention will be
focused in coming years on narrowing the issues to be evaluated in
project evaluations to those which can be analyzed in a timely manner
to improve relevant regulatory decisions. In addition, some difficulty
has been encountered in defining the areas in which Coastal Zone Unit
can make positive contributions in plan formulation and project develop
ment over which other state agencies have the principal review and
coordination responsibility such as State transportation facility and
sewage treatment plant planning and construction.

The lack of legislative!/mandated regulatory responsibility on the
part of the Coastal Zone Unit for routine regulatory activities has
allowed considerable flexibility on which aspects of coastal zone
management will be given priority in the Unit's efforts. Much emphasis
during the first year was placed on undertaking research efforts on
subjects of coastal zone management interest, with the result that
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program review activities and Intergovernmental coordination efforts
were somewhat shortchanged. Greater attention will be paid to those
latter subjects in the present year's work efforts due to an internal
recognition of the need to do so. This was buttressed by comments
made by the Federal Office of Coastal Zone Management during its first
annual program review and the comments of the Program's advisory
committee.

However, the lack of direct legislatively mandated regulatory
responsibility referred to above has allowed a more cooperative
arrangement to be developed with local governments. With pass-through
funds provided by the program, the counties have worked hard to
integrate coastal zone management concerns into their planning and
regulatory activities. In the Baltimore Metropolitan area, a major
effort was undertaken by the Coastal Zone Unit, other State agencies,
the Regional Planning Council, and the local governments in the area
to identify areas in their planning and regulatory activities needing
attention. The purpose of this effort was to insure that coastal zone
management concerns are adequately addressed at the local level by
identifying issues of major concern and to develop implementation
mechanisms to address such issues. Similar action on a less formal
basis has been undertaken by other coastal counties.

The program has also suffered from a lack of visibility of its
actions both in documenting the positive results of its actions and in
establishing its proper relationship to other state agencies. This
problem has been alleviated by areorganization which transferred the
Coastal Zone Unit into a new Tidewater Administration with the State
Waterways Improvements Program and Tidal Fisheries Program plus State
Boat Act Administration.

The Program has also received strong support and assistance from
its advisory body, the Coastal Resources Advisory Committee. This
Committee is made up of over 90 members representing local governments,
citizen groups, industrial, commercial organizations, and other special
interests. State and federal agencies and academic interests are
represented on a non-voting basis. It has provided a means to obtain
the support of these entities in the administration of the Program by
providing a mechanism for their active participation in providing
guidance both to the overall direction of the program and to specific
studies and activities undertaken by the program.

Conclusion

Based on the experience provided by the first year of implemen
tation of Maryland's Coastal Zone Management Program, it can be
concluded that the networking approach provides the opportunity to
concentrate on pressing Issues previously not adequately addressed by
state and local governmental programs. It also promotes a more
cooperative approach to coastal zone management, encouraging greater
willingness of state and local agencies to participate in the program
since their present authorities are not threatened. However, to make
a networking approach work, a strong base of relevant coastal resource
management laws needs to exist and major efforts are needed in three
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areas. These are in (1) establishing effective coordinative mechanisms;
(2) establishing support for the program by other state agencies,
local governments, citizen organizations and special interests; and
(3) defining the areas in which the program can effectively supplement
existing activities to accomplish more effective management of coastal
resources and activities.

In the case of Maryland, the State, as noted above, has a strong
framework of regulatory programs on which to base Its coastal zone
management efforts and will be working in the coming years to refine
its coordinative mechanisms, better define its areas of emphasis, and
increase supportfor its activities from other agencies and organizations.
Once these actions have been accomplished, the program will better
fulfill its objectives of more effective management of its coastal
resources.
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MODELING THE EFFECTS OF HUMAN ACTIVITIES ON
THE COASTAL ZONE

Thomas E. Pease

Robert A. Norris

H.Y. Chen

Lawler, Matusky & Skelly Engineers
One Blue Hill Plaza

Pearl River, New York 10965

ABSTRACT

Environmental changes resulting from human activities, such as the
operation of power plants, sewage discharges and other industrial
effluents in the coastal zone can affect a variety of physical and
chemical parameters in the receiving waterbody. Mathematical models
like the one described in this paper provide a means of predicting
and evaluating the effects of proposed and existing projects on
important physico-chemical parameters in the coastal zone.

The model applied here is a three-dimensional steady state model
capable of predicting the spatial distribution of temperature,
carbonaceous BOD, nitrogenous BOD, dissolved oxygen and any con
servative substance such as salt. The current version of the model
originated from modifications and extensions to a two-dimensional •
model developed by Mississippi State University. The model is based
on the principles of conservation and is solved numerically using a
control volume scheme.

Following a description of the formulation of the model, an example
application involving prediction of temperature profiles in Barnegat
Bay, New Jersey is presented. In the Barnegat Bay study, the model
was applied in two dimensions (lateral and longitudinal) in order to
predict the temperature and salinity throughout Barnegat Bay under
various environmental and power plant conditions.

The model was calibrated with existing dye data and then applied to
predict the effects that existing and proposed power plant operations
will have on the distributions of temperature and salinity in the
Bay. Tidally-averaged hydrodynamics derived from wind-induced currents
and the freshwater flow were input to the model. Ambient temperature
and salinity profiles were computed from the results of field measure
ments conducted by various investigators.
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EVALUATION OF COASTAL ZONE MANAGEMENT NETW3RKS
BASED ON THE CONCEPTS OF ORGANIZATIONAL THEORY

Paul D. Marr*

ABSTRACT. State coastal zone management programs are required by
the Federal Coastal Zone Management Act of 1972 to involve federal and
local governments, state agencies and regional commissions in program
development and operations. This heavy reliance on liaison and on
existing laws and derivative regulations is referred to as the network
system. Network systems have become integral parts of most state
coastal management programs but the networks can be subjected to
considerable interorganizational pressure. This can have an adverse
effect on the long term operations of coastal programs. In this study
the state networks are examined using the general concepts of organi
zational theory and more specifically the literature of intergovern
mental and interagency relations. This paper also provides a
discussion of the basic elements of coastal management organizations
which can be examined in detail or as a working unit for the purpose
of assessing the effectiveness of state coastal management operations.

The states participating in the Coastal Zone Management Act
(CZMA) of 1972 were given great flexibility in designing their
respective management programs. The CZMA does have several progranmatic
requirements but the most pertinent with reference to this paper
request that states:

1) Involve federal and local governments, state agencies,
regional commissions and private interests in program
development and operations1

2) Designate a single responsible agency to implement the
program,^ and

3) Assure the adequacy of governmental processes in
dealing with program objectives.3

A significant constraint for state coastal programs is the modest
level of federal funding compared to other federal programs affecting

♦Department of Geography, State University of New York at Albany,
Albany, New York 12222.

Special thanks is given to Bruce Wyngaard, Graduate Research Associate,
who assisted in the original examination of organizational theory.

This research was sponsored in part by the New York Sea Grant Institute
of the State university of New York and Cornell University, which is
funded by the Office of Sea Grant, National Oceanic and Atmospheric
Administration, U.S. Department of Commerce.
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the coastal zone,such as the Federal Water Pollution Control Act and
the civil works operations of the Corps of Engineers. The comparative
ly low level of funding combined with its emergence after related
environmental and resource programs were becoming well established
resulted in coastal zone management programs that are lean of staff
and lean of constituency, both within and out of government.

The requirement for broad liaison andthe constraints of funds
and staff led to the implementation of state programs with a heavy
dependence on existing laws, and interagency and intergovernmental
cooperative relations. This dependence on pre-existing law, deriva
tive regulations and interagency relations is referred to as a
network system. The network system is an acceptable if not necessary
part of state coastal management programs, but it must be initiated
and continue to operate within the context of pre-existing governmental
activity. The programmatic constraints of lean budgets, staff and
constituencies provide only minimal resources for an organization
dependent on an intergovernmental and interagency network for its
basic mode of operation. These conditions can eventually result in
severe stress for a network system thereby reducing its effectiveness
and stability.

This paper examines coastal zone management networks based on the
broad concepts of organizational theory and more specifically on the
literature of intergovernmental and interagency relations. The paper
is written primarily from the viewpoint of a state coastal zone
management program and can be used as a preliminary formulation of a
model for coastal management operations and a basis for analyzing the
effectiveness of coastal management networks.

Application of Organizational Theory to
Coastal Zone Management and Networks

The principle elements of organizational theory focus on domain,
process and structure. Each is discussed with reference to the
intergovernmental and interorganizational setting of coastal
management networks.

Domain. Coastal zone management operates within a multiorgani-
zational setting. It is, therefore, especially necessary to
establish a clear delineation or organizational domain of the coastal
program. This requires that the identity and function of the program
be defined without any ambiguity.

Organization domain consists of the specific goals to be pursued
and the functions to be used in implementing these goals. Domain is
an organization's locus in the interorganizational network. Domain
included its "right" to operate in a specific geographic and functional
area and its "right" of access to resources and assigned tasks. Compe
tition between organizations can partly be resolved by greater domain
consensus, but consensus often involves continued readjustment and
compromise. Consensus consists of agreement on the clients to be
served, the services to be offered, and the methods used in providing
services. Obstacles to interorganizational cooperation can occur,
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however, if there is a lack of consensus on domain and if coordination
poses a threat to the autonomy of the other organizations in the
network.'

These aspects of domain can be clarified for coastal management
programs through specific state legislation which defines the organiza
tion goals and functions of the new agency, and establishes the inter
organizational network and relationships that will be required to
achieve the spirit of the CZMA. The efficiency of networks can be
further enhanced if the legislation demonstrates that it will lead to
the promotion of the common interests of the involved agencies, that
there will be the opportunity of pooling resources for the resolution
of particular coastal problems, and that there will be an established
basis for adjusting domain disputes.

Process. The interorganizational relationships or processes
operating in networks include flows of resources and information.
Resource flows may be described as money, physical facilities and
materials, client referrals and technical services. Information flows
may consist of messages or communications between parties through
various media such as reports, letters, telephone calls, face-to-face
discussions and group or committee meetings.7

The process dimension of coastal zone management is not only a
requirement of the CZMA but is a practical resolution to the problem
of limited resources. It begins with the necessity of inter- and
intragovemmental consultation in formulating individual programs and
continues with the implementation of a complex management program
with the assistance of other agencies at the various levels of
government. The net of interorganizational relations can be
established in the implementing design, but the effectiveness of the
network will rely on the authority and financial resources granted
to the program and the extent to which program leadership can convince
other agencies of the need for mutual assistance when the processes
of communication are not otherwise sustained by direct assistance and
administrative directive.

Structure. Structure refers to the administrative arrangements
established to define the respective roles of members of a system or
network.^ This aspect of interorganizational relationships can be
discussed in terms of formalization, centralization, and complexity.

Formalization refers to the policies, procedures and rules that
regulate interorganizational relations. The degree of formalization
increases as it is expressed in verbal, written, or regulatory and
contractual forms. Examples of formalization, as they pertain to
the development and implementation of coastal management programs,
range through the spectrum of communications from informal verbal
agreements among agencies for short terms and minor arrangements to
formal agreements of understanding, legislation, and implementing
rules and regulations for long term interagency and intergovernmental
agreements.
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The CZMA requires centralization in state program design. A
single agency is designated as having lead responsibility for each
state program; but, in most instances, this is only a superficial
acknowledgement of a high degree of centrality. It is most common for
coastal programs to be implemented using several agencies and levels
of government. One of the more common means of implementation is the
"shared" approach in which both state and substate units have
responsibility for specific program areas. In Maine, the state is
responsible for developing guidelines for shoreland zoning, and local
governments are responsible for implementing the zoning ordinance.
In a "consolidated" approach a group of agencies with differing
responsibilities may assign and coordinate responsibilities.** Despite
an apparent lack of structural centrality, it is possible for a single
agency or even a coordinating council to retain tight or loose
control, depending on the management mechanisms at its disposal and
the style in which it chooses to use them.

The design and implementation of coastal management programs also
rely on complex organizational arrangements. They may occur, for
example, when the state level of government has well-established
planning and environmental protection offices and when the local
level of government has strong home rule prerogatives which include
control over land planning and management. In this context, coastal
programs must endeavor to work with the varying goals and objectives
of these organizations and respect the domains of each unit in an
ordered and rational manner. A comprehensive and coordinated coastal
program requires a sensitivity to other organizations if interaction
is to continue from the developmental to the implementation phase.
Since organizational structure, behavior, and communication styles are
interwoven, different relationships and communication modes may be
used between units in the same network. As an example, Litwak and
Rothman hypothesize that "the more non-standardized the event, the
more face-to-face (as opposed to rules) kinds of interaction are
necessary to coordinate" a particular action.*°

Selected Problems of Integrating Elements of
Organizational Theory-in Coastal Zone Management Networks

The CZMA requires that participating states be committed to the
comprehensive management of coastal resources and requests that federal
agencies participate to the maximum extent practicable. The Act also
requires that private interests, local governments, and regional
agencies participate in the development and management phases of
of state coastal programs. But this mutual involvement in the
coastal zone organizational network requires some modification of
the goals and priorities of participating organizations. States will
have to ascertain how much coordination is necessary to properly
manage their respective coastal programs, and they will have to use
great effort and skill to maintain these relationships in the long run.

The effectiveness of the systemic integration of the network is
difficult to evaluate in public or non-profit organizations. Private
organizations are able to modify their operations to meet profit-
motivated incentives. Public organizations, however, do not have
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such a precise criterion. The units of a network, for example, may
complement each other, but highly effective integration may not be
achieved. Extensive contacts between numerous agencies in a network
do not necessarily mean that significant or even tangible results are
obtained or that effective communication is taking place, even when
the lines of communication and coordination are formally structured.
The number of contacts in a coastal zone management network, for
example, may be extensive but may remain superficial.

It is important to define clearly coordination and integration in
a coastal program. Perhaps integration at the policy level may be
adequate if various agency program responsibilities are also closely
coordinated. Coordination and integration are not just functions of
legislation, agency regulations and agreements. Effective management
also requires that all government units, federal, state and local,
give coastal resource management a high priority. But if local
governments are required to assume an important role, then they must
have adequate staff with sufficient technical expertise to deal
capably with their responsibilities.

Conclusion

This paper contains a selective review of the elements of
organizational theory concerned with interorganizational relations.
The elements examined -- domain, process, and structure -- provide a
bare outline of the elements of a model of interorganizational
relations, but they can provide insights for the design of state
coastal management program networks. The CZMA does allow flexibility
in the design of state coastal programs; but, because of the unusual
brevity of the law and because the law is the first major federal-
state-local partnership in planning and resource management,X1 there
is an absence of criteria that can be used as indices of program
effectiveness.

Each of the several levels of governmental interaction adds
its own peculiar set of parameters to possible models of coastal
management networks. This suggests that the coastal zone management
network might be modeled using a three-tier construct comprised of
federal intergovernmental relations, state intra-agency relations and
local intergovernmental relations. Federal-state CZMA relations are
far from being clarified, even as state coastal programs are being
approved. The question of defining the "national interest" for each
of the fifteen major federal agencies involved in coastal affairs is
not entirely clear at this time. This task will be burdensome for
each of the coastal programs but may be even more time-consuming for
federal agencies that may have to coordinate activities with as many
as thirty-two state and territorial programs.1Z

Intragovernmental models of coastal management appear to be
developing less variability than the set of relationships that may be
established with federal and local governments. Present program
proposals appear to be following several very different structural
patterns. One is implementation from within a state environmental
protection program and the other is implementation through a state
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coordinating council. The former would appear to be a stronger and
more stable base for a coastal program. The latter could be more
vulnerable because of possible periodic examination and reformulation.
Interagency competition often is expressed by attempts of one agency
to increase its domain at the expense of a newer and perhaps weaker
program such as coastal zone management.

State-local relations can also differ from state to state because
of the variability of existing state enabling legislation and because
of the variability in division of powers regulating land development
and resource management. These variations among states will reduce the
possibility of establishing a single most effective model of state-
local interorganizational relations. Nevertheless, state relations
with local coastal zone planning and zoning actions will require
setting of standards, reviewing decisions and perhaps legal interven
tion.

This paper was directed primarily to ongoing state coastal
management operations. This should not detract from the consideration
of financial support, staff size and constituency that were raised at
the beginning of the paper. These limiting conditions mandate that
initial state coastal zone management enabling legislation be carefully
shaped and subsequently amended, if necessary, to assure the formation
of a strong program that establishes a clear identity through its
ability to resolve important coastal issues. If the new program is
perceived as performing a valuable function, then it can build a
constituency. This must be paralleled, however, by continuing
executive and legislative interest in coastal affairs. Unless the
initial funding is maintained or increased and unless the program can
be defended from subsequent adverse amending legislation or executive
agreements, the long term scope and impact of coastal program opera
tions will gradually be eroded. Under such conditions, the effective
ness of state coastal management programs would be reduced not so
much by internal factors but by inadequate external support.
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DESIGN OF RESEARCH PROGRAMS

TO PREDICT EFFECTS OF OIL DEVELOPMENT

R. H. Burroughs*

Baseline and monitoring studies were developed as a
method for scientific research. When transferred to a

resource management role, they fail to provide predictive
information about likely effects of government actions.
This inability to describe potential offshore, nearshore,
and onshore resource disruptions in advance of their
occurrence invalidates baselines and monitoring for most
management objectives and has necessitated the develop
ment of methods that tie research objectives to specific
decisions before government. These alternative approaches
aggregate potential Impacts by legally mandated decisions
through consideration of the technologies activated by the
decisions and the technology derived direct and indirect
effects on natural and social systems.

INTRODUCTION

The translation of scientific methodology or Insight to govern
mental policy requires sensitivity to the limitations of each. These
limitations made the designation of appropriate applied research pro
cedure on the outer continental shelf particularly difficult. The
purpose of this paper is to examine baselines and monitoring and ask
what constraints management of resources impose on their utilization.
The principal conclusion is that the method while effective in
science, even if expertly applied to this problem, would not meet
the objectives of sound resource management.

BASELINES AND MONITORING IN MARINE SCIENCE

Baselines are defined as the status of a system initially. A sub
sequent resampling of the same parameters, monitoring, if appro
priately designed may demonstrate change from the initial condition.
The value of such studies for selected pollutants has long been recog
nized (Preston and Wood, 1971, Goldberg et al, 1971). Indeed a
National Academy of Sciences report (NAS, 1971) proposed baselines
of existing concentrations of pollutants in water, biota, and sedi
ments. Such a survey would indicate the results of "fortuitous
experiments" that occur through the Inadvertent release of persistent
pollutants. The approach was subsequently endorsed In a workshop
(National Science Foundation IDOE, 1972) and in advisory activities

•Resource Science Staff, Bureau of Land Management, Washington, D.C. 20240
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for the UN Conference on the Human Environment (Secretary of State's
Advisory Committee, 1972).

The use of baselines and monitoring to better understand the paths
of pollutants in the environment was not without scientific criticism.
First, the methodology assumes that the material of interest is rel
atively persistent or that Its decomposition stages are relatively
well known. Second, an adequate and therefore often quite large
distribution of samples in time and space is required. Finally,
attribution of cause and effect may at times be obscure particularly
for biological systems. Natural change and variability occur in
populations. Anthropogenic stress of several types may also cause
changes. Hence, departure from a baseline when observed in a
group of organisms may be natural or it may be anthropogenic, and
if it is the latter, it may have a variety of causes.

The schedule for an accelerated OCS leasing program in 1973 and an
early sale of it off the coasts of Mississippi, Alabama, and Florida
prompted the adoption of baselines and monitoring in management of re
sources. Comments on the draft environmental statement and elsewhere
included suggestions that baselines be initiated in all potential
lease areas prior to the sales (Council on Environmental Quality,
1974) or more emphatically that they should be required prior to
leasing (Environmental Protection Agency, 1973). In the final state
ment (U.S. Department of the Interior, 1973) baselines were defined
as quantitative, biological, chemical, geological, and physical data
in the potential oil production area. Studies based on that approach
were commissioned by the Bureau of Land Management.

MONITORING AS MANAGEMENT
The implications of baselines followed by development and monitor

ing are that dispersion of pollutants associated with oil development
will be better understood. Monitoring is not resource management but
rather it passively and retrospectively assesses some of the effects
of the selected management scheme. But, how is that management frame
work selected? In management systems where flexibility is limited—
in the case of OCS oil, leasing limits flexibility—the requirements
for predictive scientific information should increase proportionally
to the reductions in management flexibility.

With this distinction between predictive requirements and retro
spective descriptive information, one may examine the shortcomings of
baselines and monitoring in terms of their role in management. First,
as noted baselines and monitoring may describe but they do not predict.
The mandate for government, however, is to avoid, where possible, the
undesirable effects that occur from resource extraction. Avoidance
requires predictions. Second baselines and monitoring require develop
ment to be able to understand the effects of development. The fallacy
inherent in this kind of circular reasoning in management of resources
is clear. If the development is environmentally unsound that fact be
comes clear after it is too late to correct it. Third, mitigating
actions, if they become apparent at all, will be evident only after
facilities have been located and damage has occurred. Finally, when
damage occurs and anthropogenic stress is removed—if that is
possible—there is no assurance that recovery will always occur.
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SCIENCE AND MANAGEMENT OF RESOURCES

Direct use of an experimental method, baselines and monitoring—as
a technique in management fails for the reasons noted above. Any de
sign that is successful in meeting the challenges implicit here will
accomplish two objectives. First, the results will provide predic
tions. Second, these predictions will concern the scientific impli
cations of alternate decisions before government. Taken together
these requirements provide a format for actively considering the
effects of decisions in advance. They also test the ability of
science to provide such process oriented predictive information.

One base for describing the required information is the OCS Lands
Act as amended in 1978. The law (Public Law 95-372) and associated
Department of the Interior policies identify a series of steps or
decisions and the Information required (U.S. Department of the Inte
rior, 1978) in the process. Thus, the existing legal regime makes
it possible to respond to scientific criticism (NAS, 1978) by develop
ing a series of testable hypotheses. Decisions or groups of decisions
activate or potentially activate a series of technologies. The tech
nologies or activities are the source of pollutants or other environ
mental disturbances. The character and magnitude of these effects—
to the extent that it may be known—is a prerequisite for the decisions
In order to make such predictions the scientific method applied must
be directed toward understanding processes.

For example, in each area a decision concerning the style of devel
opment and production is made by the United States Geological Survey
when and if oil and gas in commercial quantities are located. At
least once for each frontier area this evaluation process is subject
to an environmental statement. Development and production presently
imply among other activities the release of low levels of hydro
carbons as formation waters are discharged from the platforms.
Hence, the discharges in number, depth in water columns, and loca
tion may have a variety of different impacts on the environment.
Predicting those impacts through improved understanding of processes
is a prerequisite for determining whether and how the discharges
should be permitted. Controlled experiments in microcosms(Zeitzschel,
1978) provide one avenue for developing this information.

CONCLUSION

Science applied to effective management of resources must predict
outcomes of legally mandated government decisions. To do so the
science itself will have to lead to better understanding of natural
processes.
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