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Abstract

The Chesapeake Bay Program Office is developing an analysis of atmospheric
nitrogen loadingsto the entire East and Gulfcoasts of the UnitedStates. The
East Coast and Gulf Coast study area was developed by using NOAA's
Coastal Assessment Framework with an ocean boundary 12 nautical miles
offshore. To estimate die direct wet nitrogen deposition. NADP data were
used. The Thiessen polygon algorithm was used to airially weigh the rainfall
from each gage. The weighted values of nitrate, ammonium, and total
inorganic nitrogen were used to calculate Ihc annual and seasonal average
loading of nitrogen and nitrogen concentration from wet deposition. This
made it possible to determine which estuaries or coastal water segments
possessed the highest or the lowest nitrogen loadings or concentrations in the
Eastern Atlantic and Gulf of Mexico Coasts of the United States.

Introduction

Estuaries and coastal waters, includingcontinentalmarginsand continentally bound seas,
comprise only approximately 15% of the global ocean, yet they account for over 40% of
the ocean's primary productivity (Paerl, 1993). Often coastal waters are nitrogen limited;
therefore, the input of anthropogenically derived atmospheric nitrogen can readily
stimulate phytoplankton growth, possibly leading to eutrophication, and/or toxic
dinoflagcllate blooms. Globally, atmospheric nitrogen deposition has increased by a
factor of two over pristine, or purely natural, levels (Cornell, 199S).

Atmospheric deposition of nitrogen occurs when various forms of this element enter the
troposphere where it may travel hundreds of miles from its source before being deposited.
Total reactive nitrogen,

NO, = NO, + H0N0 + HNO, + H02N02 + 2[N20j| + PAN+ R0N0, + pNO/,

is the largest contributor to atmospheric nitrogen loads (60%), followed by ammonia,
NH3,(20-40%) and organic nitrogen (0-20%) ("NOx Emissions," 1996, and Valigura,
1995). The nitrogen compounds that are biologically available are nitrogen oxides, or
NO and N02, which are collectively termed as NO, (Valigura, 1995). The primary
source for NO, is the combustion of fossil fuels with 33% coming from mobile sources
and another 33% coming from utilities (NOX Emissions, 1996). The present estimation
is that anthropogenic NO, provides nearly 50% of the global nitrogen budget (Valigura,
1995). Ammonia in the air is primarily a return of ammonia from livestock waste and
fertilized cropland, with the second largest source being the sea surface.

There are different types of atmospheric nitrogen deposition. Wet deposition is the
transport of materials from the atmosphere to the earth's surface during a precipitation
event. Inversely, dry deposition is the deposition of particles to an underlying surface in
the absence of precipitation. For both wet and dry deposition, this underlying surface
may be either land or open water. Direct deposition, either wet or dry, lands directly on
the water's surface. Indirect deposition, however, lands on another surface in the
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watershed and must be transported to the water via flow through a tributaryor ground
water (Valigura, 1995).

It is evident that it is important to be able to quantify the loading of nitrogen into coastal
watersand to be able to identify the originof the nutrient Although it is possibleto trace
the origin of some nitrogen species through the use of an isotope tracer, it is more
feasible to model the region. It is the intention of this projectto be able to estimate
nutrient loadings and the efficiency of reductions strategieson the coastal waters of the
Atlantic and Gulf of Mexico coasts of the United States.

Methodology

The East Coast/Gulf Coast study areawas developed using NOAA's Coastal Assessment
Framework(CAF). The CAF is a digital set of spatialareascomposed of 124 Estuarine
and Sub-Estuarine DrainageAreas (EDA's), 43 Fluvial DrainageAreas (FDA's), 285
Coastal Drainage Areas (CDA's), and 15 Fluvialcomponents ofCoastal DrainageAreas.
These areaswere created from approximately700 United States Geological Survey
(USGS) hydrologic cataloging units, a shoreline for the oceanic coasts, a shoreline for the
Great Lakes, and the United States' open-oceanboundary. The ocean boundary used in
this study is based upon the 12 nauticalmile, 22.25 kilometer, Territorial Sea and
Contiguous Zone boundary. The study areais segmented for presentation and reporting
purposes in Figure 1.

To estimate loadings and concentrations in precipitationof nitrogen from wet deposition,
annual and seasonal data were collected from the National Atmospheric Deposition
Program/NationalTrends Network (NADP/NTN). The NADP/NTN point data were then
manipulated using the Thiessen polygon algorithm to make is possible to aerially weigh
the rainfall for each gage (Figure 2). Any NADP polygons overlapping coastal water
segments were utilized. Only the samples that met the NADP/NTN completeness criteria
were used. The Thiessen polygons were then overlaid with the coverage of the coastal
water segments to determine how much of each water segment was covered by each
polygon so that a weighting factor for NADP stationsmay be determined.

The load per unit area for each NADP site was averaged for the 1988-1996 analysis
period. These, averages were calculated for NO3, NH4, inorganic nitrogen and
precipitation. Averages were also calculated foreach of the four seasons, in addition to
an annual average. To determine the load per unit area for a coastal water segment, the
average inorganic nitrogen load per unit areaand the average nitrate and ammonium load
per unit area (adjusted for nitrogen mass) were multiplied by the weighting factors for the
NADP stations. These values were then summed for each coastal water segment. In
addition, the concentration of nitrogen in rainfall was computed for each coastal water
segment The load per unit area for coastal water segments were aggregated to compute
estimates of load per areaand total load of nitrogen for entire estuaries.

Results

Direct wet deposition for NO3, NH4 and inorganic nitrogen were successfully calculated
from the data obtained from NADP/NTN. The data from the monitoring sites are
extrapolated to provide coastal and estuarineestimates of nitrogen (for sample graphical
outputs refer to Figure 3).

Seasonal differences between the loadings were evident. Generally, loadings and
concentrations in rainfall were much lower in the fall and winter with few exceptions.
The lowest averageloadings andconcentrations werecalculated to be in the southerntip
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Coastal Water Segments
Region 2

f~}7~l Water Segments

Derived from NOAA's Digital Coastal Assessment Framework (dated December 3.1997)

Figure 1.WaterSegments• Region2
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Location of NADP Sites and Thiessen Polygons

National Atmospheric Oaposrrjen Program (IMAOP) / National Trends Natwork (NTN) Data

Figure 2. NADP Sites
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Wet Deposition of Nitrate to Coastal Waters
Average Annual Load Per Area

(1988-1996)

Loadsderived from National AtmosphericDeposition Program (NADP)/ National Trends Network(NTN)OaM

Figure 3. Average Annual Load PerArea of Nitrate
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of the Florida peninsula and in the Florida panhandle. The highest averages were found
near Long Island and in southern Texas.

Season

Annual

Average
Spring
Avr.

Summer

Avr.
Fall Avg. Winter

Avj».

NO,
Concentration

0.12-0.35

mgN/L
0.13-0.40 0.13-0.49 0.09-0.26 0.08-0.35

NH4
Concentration

0.08-0.23

mgN/L
0.10-0.35 0.06-0.28 0.05-0.18 0.05-0.23

Inorganic N
Concentration

0.198-0.55

mgN/L
0.24-0.67 0.18-0.75 0.147-0.39 0.14-0.48

NOjLoad 1.26-4.56

kg/ha
0.33-1.31 0.29-1.75 Most>0.6 0.13-0.93

NH4 Load 1.01-0.93

kg/ha
0.34-1.12 0.22-1.21 0.12-0.47 0.08-0.49

Inorganic N
Load

2.78-6.71

kc/ha

0.71-2.08 0.55-2.70 0.46-1.51 0.22-1.22

The high loadings found in the Gulf of Mexico and around Long Island may be due to the
high riverine input to theseareas. In the Gulf of Mexicothe MississippiRiver flows
through the Midwest, which is an agricultural region, and the Hudson River flows
through New York, which is highly urbanized. The Mississippi River may carry the
agriculturalsources of nitrogen,suchas animal wastesand fertilizer runoff, to the Gulf of
Mexico where eutrophicationis knownto be a problem. In the case of New York, urban
pollutionmay include sewageoutflowsin additionto fertilizertreatmentsfor yards and
roadsides.

The highest concentrations of inorganic nitrogen arc most often found to be in the
northeast from Long Island to the Chesapeake Bay. The northeast is a highly developed
and very industrialized region. Upwindfrom thesecoastal regionsare such industrialized
cities as Pittsburgh, PA and Cincinnati, OH. The coastal regions themselves contain
urbanization,thereforesewageoutflow,fertilizerrunoff,and mobile NO, sources are
problems for areassuchas Washington D.C.,NewYorkCity,NYand Philadelphia, PA.

The lowestconcentrationsand loadingswere found primarilyin southernFlorida. This is
a peninsula that is dominated by sea winds. The windsmaycarry the atmospheric
particlesawayfrom the land,as in thecasewithmobile sourcesand utilities. Southern
Florida is also unique in that upwindfromit is primarilywater,either the Gulf of Mexico,
with some offshore oil drillingoccurring,and the AtlanticOcean with a cruise ship
industry. These sources,howeverare relativelyminor in comparisonto the extensive
loading from the massivefarmlandin the Midwestor the urbanization in the Northeast.

Future Directions

Estimatesfor direct wet depositionaccountfor only one componentof atmospheric
deposition to coastal waters. Methodologies to estimatedry and indirectdeposition need
to be explored. At presentthere are very few meaningful dry depositiondata sets
available for extrapolation to cover the areasadjacent to the collection site. This form of
depositionis highly variableand is dependent upona numberof factorssuch as land use,
moisture content and surface conditions. A rough estimation procedure for dry
deposition involves usingknown factors to calculate thedry deposition using the known
wet deposition. Anotherpossible method would utilize the Regional AcidDeposition
Model (RADM). This model incorporates acidicdeposition,photochemistry, physical
and chemicaltransport, and aqueous chemistry to estimate the changein air concentration
anddeposition. The intersection of the RADM gridcellswiththecoastal watersegments
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would make it possibleto allow the wet to dry ratioof each gridcell to be extrapolatedto
the water segments and applied to the wet deposition estimates.

In order to estimate indirect deposition, a watershed for each study area would have to be
carefully delineated. The direct deposition to the land may be determined in a way very
similar to that described for estimating the loads to coastal waters. The problem lies in
determining how much of this nitrogen actually reaches the water body. This may be
done by using flat transport factors, watershed models, or statistical processes.
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ABSTRACT

THE CHESAPEAKE BAY PROGRAM MODELS

G.W. Shenk, and L.C. Linker
U.S.Environmental Protection Agency, Chesapeake BayProgram

The ChesapeakeBay Programis a cooperativeeffort betweenstate and local
agenciesdedicated to improving waterquality in the Bay.One of the Program's
early findings is that thedissolved oxygen in the Bayis depressed by
eutrophication caused by excessive fertilization. To determine the effect of
management actions on thiseutrophication, theProgram has developed linked
models of the airshed, watershed, and estuary. The airshed model determines
the percentage change in atmospheric loadsto thewatershed andestuaryunder
different management strategies. TheChesapeake BayWatershed Model is
designed to simulate nutrient loads delivered to theestuary underdifferent land-
and air-based management scenarios. The Estuarine Model receives input from
bothmodels to determine theeffects on waterquality of varying nutrient inputs.
Usingthe findings of earlierversions of thesemodels, the Chesapeake Bay
Program determined a nutrient cap that was feasible and would result in
improved waterquality in the Bay. In the current applicationvarious
management actionsare evaluated for effectiveness in reaching the nutrientcap.

G.W.Shenk U.S. Environmental Protection Agency
Chesapeake Bay Program
410 Severn Ave.

Annapolis, MD 21403
(401)267-5745
shenk.gary@epamail.epa.gov
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A Panel Presentation

The Louisiana Wetlands Experience - Teamwork and Results

Panelists

Moderator: Thomas E. Bigford, NOAA National Marine Fisheries Service,
Office of Habitat Conservation

Louisiana Perspective: Jack Caldwell, Secretary, or (Catherine G. Vaughan,
Assistant Secretary, Louisiana Department of Natural Resources

Federal Leader Perspective: Col. William Conner, New Orleans District
Engineer, Louisiana

NGO Perspective: Mark Davis, Coalition to Restore Coastal Louisiana

Local/Parish Perspective —To be determined

Public and private parties have been cooperating for the past decade to protect
and restore Louisiana's coastal wetlands. The effort offers many lessons for
other regional efforts, and offers many examples of the benefits of cooperative
efforts involving academia, private parties, local government, state agencies, and
federal oversight.

The Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA),
also known as the Breaux Act, provides funds to defend existing or restore
degraded coastal wetlands. While the program offers assistance nationwide,
CWPPRA has been especially effective in coastal Louisiana. As of early 1998,
the program has allocated $57 million in state and federal funds to benefit
74,663 acres, with immeasurable secondary improvements to the socio-
economic-cultural fabricof Louisiana coastal parishes.

This session will present perspectives of how the Breaux Act works so well in
Louisiana, based on perspectives from the most involved participants.

Tom Bigford NOAA/National Marine Fisheries Service
Office of Habitat Conservation

1315 East-West Highway, Suite 12659
Silver Spring, MD 20910
Phone:301-713-2325

Fax:301-713-1043
Email: thomas.bigford@noaa.gov
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The Case for the Case Study in Evaluating Coastal Ecosystem
Management

Dr. Katrina Smith Korfmacher

Denison University

Introduction

Ecosystem managementhasbeen deemed a promisingapproach to
environmental management. The National Estuary Program and the Chesapeake
Bay Program areprominentattemptsto implement this concept in the coastal
zone of the US. The ecosystem approach promisesthat improved use of
scientific information, better managementcoordination, and more meaningful
publicparticipation in environmental decision makingwill improve the
effectiveness of environmental protection. Yet, there is little evidence that how
well ecosystem managementefforts actually achieve their goals. Scholars have
identified the need to evaluate the accumulating experience with such programs
in orderto improve theories of integrated environmental management (Wallace
1995, Fairfax and Ingram 1990).

How to evaluateecosystem management is problematic, however. Ecosystem
management is widely recognized to takea very longtime; thatis, effects in the
ecosystem may not be visible for decades (Lee 1993). In addition,ecosystem
management programs areintended to adapt andchangeover time. Thus,
ecosystemmanagement evaluations mustcapture theevolution of goals and
processes in different settings. Althoughthe ideaof"learning lessons" thatcan
be transferred to other programs is appealing, it is difficult to evaluate such
complex programs in a way that makes comparative study possible. Any such
comparisons arebasedon simplifications andmay miss important unique
features of the programs beingstudied. It is argued herethat some of the most
important learning in anecosystem management program mustoccurin situ.
Therefore, such programs are mostmeaningfully evaluated asuniquecases.

Casestudy research hasthe potential to complement comparative outcome- or
process-based evaluationsby describing in greatdepth how unique programs
unfold. This paperpresents a case study of the Albemarle-Pamlico Estuarine
Study (APES), which wasone of the first National Estuary Programs. The
APES failedto meet the objectives of ecosystem management- which usually
includeimprovingthe use of scientific information, coordinating management,
and promoting public participation - in several visible ways. However, thiscase
study reveals thatthe APES also hadmanypositive results thatwereless visible
to participants and observers. This paper summarizes how thecase study
approach was usedto explain the key dynamics of this program as it evolved
between 1987 and 1994.
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Characteristics ofcoastal ecosystem management

The primary purpose of ecosystem management programs is integrative.
Although environmental management has improved dramatically over the past
three decades, it has become increasinglyclear that managementof individual
resources is not enough. Rather, there needs to be an integrated consideration of
all aspects of the ecosystem and how management can be coordinated to balance
the needs of the entire system.

Established in 1987, the National Estuary Program incorporated the principles
of ecosystem management into its structure. Through a federal/state
partnership, the National Estuary Program forms Management Conferences in
each of the critical estuary regions. ManagementConferences involve
managers, scientists, and stakeholders in a five-yeareffort to produce a
Comprehensive Conservation and Management Plan (CCMP).1 The EPA
provides funding with a 25% state matchduring the planning process for
research characterizing the estuary, public outreach activities, and
demonstrations of management strategies. Management Conferences do not
usually have authority to implement their Comprehensive Conservation and
Management Plans; their goal is to develop a plan with widespread support that
will be implemented by existing agencies or the legislature.

The Albemarle-Pamlico Estuarine Study (APES) was one of the first National
Estuary Programs (Tier I). Covering an area of over 30,000 square miles in
northeastern North Carolina and southeastern Virginia, the APES program
addressed concerns about water pollution, fisheries, and habitat (APES, 1994;
Owens, 1987). The program involved diverse actors in its Management
Conference through threestanding committees: a Policy Committee, a Technical
Committee, and two Citizens Advisory Committees for the Albemarle and
Pamlico Sounds, respectively. APEScompleted its Comprehensive
Conservation and Management Plan in November, 1994.

Challenges of Evaluating Coastal Ecosystem Management

Because of the unique features of ecosystem management, evaluating such
programs is challenging. The fact that programsseldom have a single set of
clear, operational objectives, that ecosystem management institutions seldom
have authority to implement their plans, that changes in the natural system are
very slow, and that multiple participants have multiple perspectives make
evaluation particularlydifficult. Nonetheless, several approaches have been
taken to evaluating coastal ecosystem management programs such as the
National Estuary Program. These may be grouped into outcome-based and
process-based evaluations.

'The planning period has been reduced from five tothree years for more recent
NEPs.
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Outcome-based evaluations

Much of the literatureon evaluating estuary programs focuses on developing
clear, measurable outcomes in terms of management changes or environmental
indicators to evaluate these programs (USEPA 1994;Colt 1994a). In a study of
progress made in NarragansettBay, Burroughs and Lee (1988:375) noted that
"a program with a vague goal that does not translateinto a specific outcome is
unlikely to succeed." Colt (1994b: 97) similarly observes that since the
Buzzards Bay NEP Action Plans "do not provide realistic, iterative benchmarks
for structuring their implementation or evaluation," different user groups can
interpret these plansdifferently. Another example of an outcome-oriented
evaluation was an EPA-funded project to develop a manual for evaluating
estuary programs. The final reportof this project recommended an indicator-
based approach to documenting management activities, public responses, and
environmental outcomes of these programs(USEPA 1994). Apparently no
estuary programs have used this manual, although many are developing
outcome indicators for evaluating and providing feedback to their programs.

Outcome-based evaluation of coastal ecosystem management programs have
several weaknesses. First, practitionersand researchershave recognized that
many effects ofecosystem management programsare likely to be long-term and
difficult to measure (Lee, 1993). Second, as noted by Colt (1994b), specific
objectives may be interpreteddifferently by different actors. Third, ecosystem
management programs do not operate in a vacuum. Ongoing or subsequent
policy efforts may contribute to new laws, improved water quality, increased
fish catches, or other "indicators" related to the estuary program's goals.

Process-based evaluations

Several researchershave designed frameworks that examine the ongoing
process dynamics of ecosystem management programs. Based on examination
of five "precursor" programs, Imperial et al. (1992) propose 12 criteria related
to the strategy, structure, and process of coastal environmental management
programs like the National Estuary Program (NEP). Currently, there are two
efforts being conducted to evaluate the NEP. One study, based on a survey of
all 28 estuary programs, is using a mail survey to analyze the transaction costs
of stakeholder involvement in "Community-Based Environmental Protection
Agreements" like the NEP (Scholz, et al. 1998). The other ongoing effort is an
EPA-sponsored study that involves interviewing the program directors, as well
as four case studies of selected programs (Cogan, pers. comm., 1998). Such
approaches might be called "third generation" evaluations of program
implementation; that is, they take a "scientific" approach to analyzing process,
output, and outcome variables (Goggins, 1990). The goal of such studies is
typically to compare parallel efforts to learn"lessons" that may be transferred
from one program to another.
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The "Fourth Generation" Case Study Approach

Although ongoing efforts to evaluating the National Estuary Program make
significant progress toward meaningful learning from ecosystem management
programs, they do not confront the fundamental question: what is a successful
ecosystem management program? That is, the questions being answered by
third generation studies tend to reflect the researchers' hypotheses based on
theory, program documentation, or stated objectives of what a successful
ecosystem management program will look like. However, such approaches do
not accommodate notions that different participants may have different
objectives, that true objectives may differ from stated ones, or that objectives
may evolve over time.

One approach to evaluating the success of complex programs is provided by
Guba and Lincoln (1989), who maintain that any evaluation must confront the
different constructions of the program by the various people involved. Guba
and Lincoln propose a "fourth generation" framework for evaluation based on a
process of negotiation and exploration between researchers and the program or
institution being evaluated. Fourth generation evaluation researchers do not
begin research with testable hypotheses or variables to be measured. Rather,
they work with the stakeholders to determine what is important to the
functioning of the program being studied. The primary methods of fourth
generation evaluations are qualitative, although they may be complemented by
surveys or other quantitative methods.

Such exploratory evaluations generally take place within the context of case
studies, which have four virtues for exploring complex programs such as
ecosystem management (Feagin, 1991). First, case studies permit the study of a
phenomenon in its natural setting. Second, case studies are holistic, offering
"empirical and theoretical gains in understanding larger social complexes of
actors, actions, and motives" (Feagin 1991:8). Third, the case study enables one
to examine changes in patterns of behavior over time. Fourth, case study
research can be very useful for generating theories. All four of these
characteristics apply to gaining a full understanding of ecosystem management
that takes into account the program's setting, interactionsamong stakeholders,
and the possibility of change over time.

The principles of fourth generation evaluation via in-depth case studies were
applied in evaluating the Albemarle-Pamlico Estuarine Study. Iterative
negotiation of the evaluation process was not possible since the program had
officially concluded before the case study was conducted (Guba and Lincoln,
1989). However, an effort was made to take an exploratory approach, allowing
the participants to define what was important in the program and to elucidate
their various perspectives on the program's successes and failures.

The case study of the Albemarle-Pamlico Estuarine Study used several sources
of data: personal interviews, document analysis and a mail survey.
Triangulation among these data types enhanced the validity of findings about
the program (Marshall and Rossman, 1989). Findings presented in this paper
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are based on all three sources of data. Interviews were conducted with over
seventy-five participants in the program. Interviewees were systematically
selected by snowball sampling to represent the rangeof perspectiveson the
program (Marshall and Rossman, 1989). Although general interview guides
were developed for the different groups of interviewees, these interviews were
open-ended. The interviews provided the core material for developing an
understanding of different groups' perceptions of the program. The documents
analyzed included committee meeting minutes, attendance records, annual
budget reports, newspaper articles, technical reports, and program publications.
These documents helped to documentthe perspectives revealed through the
interviews,as well as to provide descriptiveinformation about various aspects
of the program. The mail survey was sent to the 169 Management Conference
committee members who had formally participated in APES for any period
during its nine-year tenure. The survey was designed to obtain descriptive
informationabout the participantsand to quantify their perceptions about the
processes and outcomes of APES. A response rate of over 77% was obtained.

Analysis proceeded based on the perspectives and issues identified by the
interviewees. For example, key issues that shaped the direction of the program
were identified and analyzed to discover how they arose, why they were
controversial, and how their resolution shaped the program. The following
section describes some of the most important findings revealed through taking
this approach to evaluation.

The Case of APES: Key Findings

Visiblefailures, invisiblesuccesses

Interviews with agency staff, researchers, interest groups, and citizens who were
involved in the program revealed that participants had widely varied
expectations for what the program could accomplish. By tracing the
expectations of different participant groups and the interactions among them as
the program progressed, it was possible to explain the program's outcomes and
why they were largely perceived to be failures. For example, citizens were less
likely than technically trained participants to think the public had adequate input
into the research planning process. This is probably due to the citizens'
expectations that they would actually be selecting research projects to be
funded, whereas many Technical Committee members anticipated that citizens
would simply express public priorities about the research agenda, while
technically-trained staff would make the final decisions.

At the same time that apparent failures were explained, many significant
successes were identified. For example, while citizens generally felt that the
research program of APES failed to produce useful results, it is also the case
that the APES-funded geographic information systems data and analyses
persuaded the state to invest further in this technology. GIS-based land use
planning and analysis is now an important part of North Carolina's coastal
managementprogram. The in-depth, multiple-perspective nature of the case
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study made it possible to observe such less visible accomplishments. One such
issue - a controversial buffer strip recommendation - is described below.

The buffer strip issue

One example of how the in-depth, longitudinal observations of this case study
allowed for explanations of puzzling results revolves around the Management
Conference's attempts to recommend buffer strips in its Comprehensive
Conservation and Management Plan (CCMP). The debate about recommending
buffer strips to protect water quality was one of the most significant disputes in
writing the APES Comprehensive Conservation and Management Plan.

The First Public Draft of the CCMP included a Management Action requiring
20-foot undisturbed buffers along all perennial streams, rivers, and tidal water
bodies. Because of the strong opposition to this recommendation in public'
hearings, the Technical Committee debated it extensively during their next
meeting. Although there was strong support for the efficacy of buffer strips,
agricultural and forestry interests had two objections to the recommendation.
First, they felt that a standard buffer strip was inappropriate given varying
environmental conditions in the region. Second, the mandatory buffer strip
recommendation was perceived as "government interference with private
property" by farmers who were accustomed to voluntary BMP programs, not
mandatory regulations.

Several pages of text were added to the Second Public Draft explaining the
benefits of buffer strips. Although this draft noted that Virginia's Chesapeake
Bay Preservation Act included 100-foot buffer strips, no specific justification
for the 20-foot minimum was given (APES 1992:WQ-35). There were no
APES studies that could justify what size buffers were necessary to protect
water quality. Partly because of this lack of justification, debate about the
buffer strip recommendation continued.

In the Third Public Draft and final CCMP, the buffer strip requirement was
significantly modified in order to avoid a backlash against the entire CCMP.
The lesson to environmentalists and APES staff who had advocated a mandatory
buffer strip was clear: they could not make a politically controversial
recommendation without scientific information to justify it. However, the
specific need for information on buffers did not become clear until the
Management Conference attempted to make a firm recommendation. Ironically,
even if APES had funded a study that showed that a 20-foot buffer significantly
prevented water pollution under most land conditions at minimal economic cost,
this recommendation still may not have survived farmers' opposition to
mandatory regulations.

Predictable, unavoidable failures

The buffer strip issue is a good example of the interaction of individual,
structural, and external factors that influenced the outcomes of the APES
program. While structural factors (the organization, financing, and mandate of
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the program) may be altered, other factors such as individual personalities and
external politics are not subject to the program's control. Many of the
predictable and avoidable problems experienced by APES have been identified
and, in some cases, mitigated in other NEPs. For example, it was widely
acknowledged that the APES research agenda was too broad. The EPA's
solution to this problem was to require programs to write the CCMP earlier on
in the program in order to narrow priorities.

Other shortcomings of APES were more intractable because they were
unpredictable, unavoidable, or both. The unpredictable and avoidable category
includes the effects of external political change. It may be possible to insulate a
program like APES from political change by, for example, not including politically
appointed officials in leadership positions within the program. This might also have
negative effects, however, since the programwould have less input about what is
politically feasible and less connection to the existing authority structure. One
example of a predictable and unavoidable challenge is the differing expectations and
professional norms of participants. That is, one can predict that members will have
different expectations and that certain professional norms will conflict with the goals
of ecosystem management. These factors aredifficult to address in the short term.
The unpredictable and unavoidable elements of a program like APES include
leadership turnover. While it may be possible to select leaders who are more likely
to stay and to encourage them to do so, but personalcareerchoices cannot be
governed by an ecosystem management institution. The importance of such factors
that cannot be changed by policy initiatives emphasizes that ecosystem management
institutions are constrained by existing characteristicsof the institutional ecosystem
and its actors.

The in-depth approachof this study revealed the enormous complexity and
challenges of improving the efficiency and effectiveness of such programs. Clearly,
many of these choices involve tradeoffs, and only a subset of them can be resolved
by universal solutions. In other cases, the relevant variables and constraints are
local in origin and are not amenable to change by external "lessons" or admonitions.

Recommendations

Ecosystem management is a promising approach to solving apparently intractable
environmental issues. As we accumulateexperience with these programs, it is
tempting to comparatively cull programs for"lessons learned" andcommon
experiences. This is a logical approachto trying to improve ongoing and guide
future ecosystem management programs. However, the in-depthcase study
approach to studyingthe APES indicates that quantitatively basedcomparative
studies have several limitations:

1)The important variables vary from program to program andover time in one program. Thus,
defining the program's objectivesandmeasuring the apparently relevantvariables may provide
misleadinginformation becausethe true priorities andobjectivesof the participants have not
been written down, have changed over time, or even conflict.

2) The most important lessonsto be learned may be peculiar to the given humanecosystem.
That is, developinga management communityaround anecosystem may require struggling
through someof the issues that havebeen"solved" elsewhere, simplybecause the institutional
groundwork hadnot previously beenlaid in that location. This is a legitimate, if often
frustrating and apparently inefficient, function ofecosystemmanagement.
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3) Identifiable shortcomings areoften unavoidable (or at least out of the control of those who
would gladly "learn lessons"), arising from politicalpressures, lack of leadership,or insufficient
funding.

4) Avoidable shortcomingsoften involve tradeoffs between equally importantobjectives of
ecosystem management, such as consensus on priorities and need for a narrow focus.

Because of these features of coastal ecosystem management programs, it is not
possible to define a perfect formula for a program that could succeed anywhere.
Therefore, we should not expect that such strategies will be widely transferable,
enabling us to define a universal model for successful ecosystem management.
This is not possible because each ecosystem management program has different
goals, environmental issues, institutional challenges, resource constraints, and
sociopolitical settings.

This is not to say, however, that there is nothing that programs can learn from
each other. There are patterns of evolution, methods of public involvement, and
strategies for research planning which clearly can be learned by ecosystem
management leaders and participants. In order to do this effectively, it may be
helpful to compare several in-depth case studies of ecosystem management to
identify productive strategies. One of the most promising outcomes of such
researchcould be improved training,support, and expectations for participants
of future ecosystem management programs.
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